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BEFORE THE ILLINOIS FOLLUTION CONTROL BOARD

HOLLAND ENERGY, LLC
Petitioner,

Vl

PCB11-
ILLINOIS ENVIRONMENTAL (NPDES Permit Appeal — Water)
PROTECTION AGENCY,
Respondent.

R o R R T i

NOTICE OF FLECTRONIC FILING

TO:
John Therriault, Clerk
Illinois Pollution Control Board
James R. Thompson Center ,
100 West Randolph Street, Suite 11-500
Chicago, IL 60601

PLEASE TAKE NOTICE that I have today electronically filed with the Office of the
Clerk of the Illinois Pollution Control Board, Petitioner's NOTICE OF ELECTRONIC
FILING, NOTICE OF APPEARANCE, PETITION FOR REVIEW OF AGENCY NPDES
PERMIT DECISION AND MOTION TO CONFIRM AUTOMATIC STAY OF NPDES
PERMIT and CERTIFICATE OF SERVICE, copies of which are attached herewith served

upon you,
Respectfully submitted,
ICE MILLER, LLP

By: _ /s/ Susan Charles
One of its Attorneys
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Date: May 18, 2011

Susan Charles

ICE MILLER LLP

200 West Madison Street
Suite 3500

Chicago, Illinois 60606
Phone: 312-726-1567
Facsimile: 312-726-7102
Susan.Chatles@IceMiller.com
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BEFORE THE ILLINOIS POLLUTION CONTROL BOARD

HOLLAND ENERGY, LL.C )
)
Petitioner, )}
)
v. )
) PCB 11-
ILLINOIS ENVIRONMENTAL ) (NPDES Permit Appeal — Water)
PROTECTION AGENCY, )
)
Respondent. )
)
NOTICE OF APPEARANCE

PLEASE TAKE NOTICE THAT, pursuant to 35 Ill. Adm, Code Section 101.400(a)(4),
Susan Charles, with the law firm of ICE MILLER, LLP, hereby files her Appearance in this
proceeding on behalf of petitioner, HOLLAND ENERGY, LLC,
Respectfully submitted,
ICE MILLER, LLP

By: __/s/ Susan Charles
One of its Attorneys

Date: May 18,2011

Susan Charles

ICE MILLER LLP

200 West Madison Street
Suite 3500

Chicago, Illinois 60606
Phone: 312-726-1567
Facsimile: 312-726-7102
Susan.Charles@]lceMiller.com
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CERTIFICATE OF SERVICE

I, the undersigned, certify that on this 18th day of May, 2011, I have served electronically
the attached NOTICE OF ELECTRONIC FILING, NOTICE OF APPEARANCE and
PETITION FOR REVIEW OF AGENCY NPDES PERMIT DECISION AND MOTION TO
CONFIRM AUTOMATIC STAY OF NPDES PERMIT upon the following person:

John Therriault, Clerk

Ilinois Pollution Control Board

James R. Thompson Center

100 West Randolph Street, Suite 11-500
Chicago, IL 60601

and by U.S. Mail, first class postage prepaid, to the following persons:

Division of Legal Counsel

Ilinois Environmental Protection Agency
1021 North Grand Avenue East

P.O. Box 19276

Springfield 1L 62794-9276

/s/ Susan Chatles
Susan Chatles
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BEFORE THE ILLINOIS POLLUTION CONTROL BOARD

HOLLAND ENERGY, LL.C
Petitioner,

v.
PCB 11-

ILLINOIS ENVIRONMENTAL (NPDES Permit Appeal — Water)

PROTECTION AGENCY,

Respondent.

PETITION FOR REVIEW OF AGENCY NPDES PERMIT DECISION
AND
MOTION TO CONFIRM AUTOMATIC STAY OF NPDES PERMIT

HOLLAND ENERGY, LLC ("Holland"), through its counsel and pursuant to Section
5/40(a)(1) of the Illinois Environmental Protection Act, 415 ILCS 5/1, ef seq. ("Act"), and 35 Ill.
Adm. Code §§ 105.200, et seg., respectfully submits this Petition for Review of Agency NPDES
Permit Decision ("Petition") and Motion to Confirm Automatic Stay of NPDES Permit
{"Motion") to the Illinois Pollution Control Board ("Board"). Holland requests a hearing to
contest final decisions included in Special Condition Numbers 13 and 14 of National Pollutant
Discharge Elimination System ("NDPES") Permit Number 110074268 ("Permit") issued on
April 18, 2011, by the Illinois Environmental Protection Agency ("[EPA™) to the Holland Energy
Facility. Holland also seeks confirmation that the effectiveness of the Permit is automatically

stayed pending final resolution of this appeal. A copy of the Permit is attached as Exhibit 1.
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L BACKGROUND

A. The Holland Energy Facility

1. The Holland Energy Facility is an electric generating station built on a 240-acre
site near Beecher City in Shelby County, Illinois. Construction began on the 640-megawatt

natural gas combined cycle facility in June 2000 and was completed in September 2002,

2. The Permit authorizes Holland to discharge to the Kaskaskia River from the
Holland Enerpy Facility, located in Section 16, Township 9 North, Range 4 East, in Holland

Township, Illinois,

3. The Permit includes three authorized outfalls — Outfalls 001, 002 and 003.
Treated plant effluent is transported to Outfall 001 through a 10-inch buried HPDE pipe and
discharges directly to the Kaskaskia River through a multi-port diffuser pipe mounted on the
River's bottom. The effluent from Outfall 001 consists primarily of cooling tower blowdown,
evaporative cooler blowdown, demineralizer regenerate, filter backwash and turbine wash,

Outfall 001 has a daily average flow ("DAF") of 1.42 million gallons per day ("MGD").

4. Qutfall 002 has a DAF of 0.105 MGD and discharges from the north stormwater
basin to an unnamed tributary to Bush Creek. Effluent from Outfall 002 consists primarily of
hydrostatic test water, water line clean out and stormwater. Outfall 003 has a DAF of 0.1 MGD
and discharges from the south stormwater basin to an unnamed tributary to Bush Creek. Effluent

from Qutfall 003 consists primarily of hydrostatic test water and stormwater,
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B. Holland's Prior NPDES Permit,

5. On July 21, 2000, the Agency issued NPDES Permit No. IL0074268 to Holland
Energy, LLC ("Prior NPDES Permit"). See Exhibit 2, The Prior NPDES Permit has an effective
date of July 21, 2000. Id. The Agency issued a modification to the Prior NPDES Permit on July
25, 2000. Id. The Agency issued a second modification to the Prior NPDES Permit on
December 31, 2001, Id. The Prior NPDES Permit (as modified on December 31, 2001) has an
expiration date of June 30, 2005. 7d. Holland timely filed an application to renew the Prior
NPDES Permit on December 29, 2004. See Exhibit 3. Pursuant to 35 1ll. Adm. Code § 309.104,
the Prior NPDES Permit remained in effect pending the Agency's final decision on Holland's

renewal application.

6. The Agency drafted a renewal NPDES Permit for the Holland Energy Facility and
placed it for public notice on December 7, 2007. The public notice period closed January 7,
2008. Hoosier Energy Rural Electric Cooperative, Inc. {("Hoosier Energy") and Wabash Valley
Power Association, Inc. ("WVPA") acquired Holland and the Holland Energy Facility on
January 7, 2009. Pursuant to 35 11l. Adm. Code § 325.435, Holland submitted a notification of a

change in ownership to the Agency on January 8, 2009,

7. Hoosier Energy and WVPA submitted written comments on the draft renewal
Permit on January 19, 2009. The comments addressed, among other Permit conditions, Special
Condition Nos. 13 and 14. The Agency issued the Permit on April 18, 2011. The transmittal
letter attached to the Permit included specific responses to the comments submitted by Hoosier

Energy and WVPA on January 19, 2009. See Exhibit 4, at p. 1. However, the Agency did not
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incorporate any of Hoosier Energy's and WVPA's comments with respect to Special Condition

Nos. 13 and 14. 7d.

8. The Permit states that it is effective May 1, 2011. Pursuant to 415 ILC 5/40(a)(1)
and 35 Tll. Adm. Code § 105.206(a), Holland has 35 days from the date it is served with the
Permit to petition the Board for review of the Agency's decision regarding the Permit. Holland
received the Permit on approximately April 19, 2011. Holland filed this Petition with the Board

on May 18, 2011, This Petition is timely filed with the Board.

1I. ISSUES ON APPEAL

0. Holland appeals two conditions of its Permit: {a) Special Condition 13,
Biomonitoring Plan; and (b) Special Condition 14, Monitoring Plan. The bases for its appeal are

set forth in detail below.

A. Special Condition 13 — Biomonitoring Plan

10.  Holland challenges Special Condition 13 of the Permit as internally inconsistent,
impossible to comply with and, therefore, arbitrary, capricious, an abuse of discretion and

otherwise not in accordance with law. Special Condition 13 provides, in relevant patt:

The Permittee shall prepare a preliminary biomonitoring plan and submit the plan
to IEPA for review and approval within ninety (90) days of the effective date of
this Permit. The Permittee shall begin biomonitoring effluent from Ougfall 001
the first summer after plan approval.

Biomonitoring

1. Toxicity Test — Acute (4-d) and short-term (14-d) toxicity tests shall be
run on juveniles of mussel species representative of the aquatic community of the
receiving stream. Procurement and testing of organisms must be consistent with
Standard Guide for Conducting Laboratory Toxicity Tests with Freshwater
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Mussels (ASTM E2455-06). Guidelines for measuring effluent toxicity must be
consistent with Methods for Measuring the Acute Toxicity of Effluents and
Receiving Waters to Freshwater and Marine Organisms (Fifth Ed.) EPA/821-R-
02-012. Unless substitute tests are pre-approved, the following test is required.

An acute (4-d) and short-term (14-d} static-renewal toxicity test
using newly-transformed  juvenile fatmucket (Lampsilis
siliquoidea) or another IEPA pre-approved native species.

2. Testing Frequency - * * * Testing must be conducted once per year for
two year [sic] beginning the first Summer after permit issuance.

See Exhibit 1, Special Condition 13, at p. 9 (emphasis added).

11. Special Condition 13 is inconsistent on its face and should be revised so that
compliance is possible. Special Condition 13 requires Holland to conduct 4-day acute and 14-
day short-term toxicity testing. However, the Permit also requires that Holland's procurement
and testing methods be consistent with ASTM E2455-06.! ASTM E2455-06 contemplates a 4-
day acute and 21 - 28-day chronic testing period. See Exhibit 7, M E2455-06, Table Al.4, p. 46
at Column Titled, "Recommended Test Conditions." ASTM E2455-06 does not reference any
parameters for "short-term" toxicity testing. {d. The 14-day short term test required by the

Permit is therefore inconsistent with ASTM E2455-06.

12.  Special Condition 13 should be revised so that ifs requirements are internally
consistent. Holland requests that the requirement in Special Condition 13 to conduct a "short-
term (14-d) toxicity test[]" be removed and replaced with the requirement to conduct a 21 — 28-

day chronic test, as set forth in ASTM E2455-06. Cf. People v. Holloway, 177 1ll. 2d 1, 8, 682

! The toxicity testing procedures required under Special Condition 13 is not included as an approved test

method by the United States Environmental Protection Agency ("USEPA™) in 40 CFR § 136.3. If a testing method
is not included in 40 CFR § 136.3, the Agency is required to obtain USEPA's approval of that alternative testing
method pursuant to the requirements of 40 CFR § 136.5 prior to including the alternative testing method in a
NPDES permit. By letter dated September 23, 2010, the Agency requested approval of the test method included in
Special Condition 13 from USEPA as an alternative test method pursvant to 40 CFR § 136.5. See Exhibit 5. By
letter dated September 23, 2010, USEPA approved the testing protocol included in Special Condition 13, See
Exhibit 6.
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N.E.2d 59, 63 (1997) ("A term is considered ambiguous if more than one interpretation of it is
reasonable."); See, e.g., Caterpillar Tractor Co. v. Illinois EPA, 1981 1ll. ENV LEXIS 113 (Ill.
ENV 1981) (holding that permit should state with certainty the permittee's duty and that, when a

provision is subject to multiple interpretations, the provision or term is ambiguous).

13.  The requirement to conduct a 14-day short-term test with newly-transformed
juvenile fatmucket (less than five (5) days old) also is inconsistent with ASTM E2455-06.
Juveniles are appropriate for a 4-day acute test (see Exhibit 7, Table A1.4, at p. 46, comparing
rows 3 and 11) but are inappropriate for evaluating chronic toxicity results — the freshwater
mussels will not have grown enough in 14 days to develop a measurable sublethal growth
endpoint. ASTM E2455-06 reports that tests with durations greater than 4 days typically use 60
to 120 day old mussels. /d. The Permit's requirement to utilize juvenile fatmuckets in the 14-

day test is inappropriate and inconsistent with ASTM E2455-06.

14.  Special Condition 13 should be revised so that its requirements are internally
consistent and capable of compliance. Holland requests that the requirement in Special
Condition 13 to conduct a 14-day short-term test with newly-transformed juvenile fatmucket
(less than five (5) days old) be removed and replaced with the requirement to conduct a 21 — 28-
day chronic test using 60 to 120 day old mussels, as set forth in ASTM E2455-06. Cf. People v.
Holloway, 177 111, 2d 1, 8, 682 N.E.2d 59, 63 (1997) ("A term is considered ambiguous if more
than one interpretation of it is reasonable."); Caterpillar Tractor Co. v. {llinois EPA, 1981 1l1.
ENV LEXIS 113 (Ill. ENV 1981) (holding that permit should state with certainty the permittee's
duty and that, when a provision is subject to multiple interpretations, the provision or term is

ambiguous).
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15. Special Condition 13 also is arbitrary, capricious and an abuse of discretion
because it's timing requirements are inherently inconsistent and render compliance impossible.
Special Condition 13 requires that the biomonitoring toxicity testing be conducted "once per year
for two year [sic] beginning the first Summer after permit issuance.”" See Exhibit 1 at Special
Condition 13, § 2 (emphasis added). The permit's effective date is May 1, 2011, and the first
summer after the Permit's issuance will begin in June 2011. Notwithstanding this requirement,
Special Condition 13 also contemplates ninety (90) days for Holland to submit a preliminary
biomonitoring plan to the Agency (e.g., not later than July 29, 2011). Id. The Agency then has
an unspecified time period to approve the preliminary biomonitoring plan. id. Considering the
timing associated with submission and approval of a biomonitoring plan, it will be impossible for

Holland to complete biomonitoring toxicity testing during the summer of 2011.

16.  Special Condition 13 should be revised so that compliance with the biomonitoring
plan required under Special Condition 13 it is not required until the first summer after the
Agency approves the monitoring plan. See, e.g., Caterpillar Tractor Co. v. lllinois EPA, 1981
[I. ENV LEXIS 113 (1ll. ENV 1981) (noting that a permit provision or term is ambiguous if it
does not state with certainty the permittee's duty or is subject to multiple interpretations); Village
of Sauget v. Illinois EPA, 1988 Ill. Env. Lexis 516 (Ill. Env. 1988) (noting that it was impossible
for the permittee to comply with a permit when the permit did not state with certainty the
discharger's duty due to the permit's broad definition of "contaminant" that did not clearly
identify to permittee which contaminants to monitor or what permittee should do); see also
Browning Ferries Industries of Hllinois, Inc. v. Lake County Board of Supervisors, PCB No. 82-

101, 1982 1ll. ENV LEXIS 255, 31-32 (Ill. ENV 1982) (holding grant conditions requiring the



Electronic Filing - Received, Clerk's Office, May 18, 2011
*x***pCB 2011-085 * * * * *

testing of unspecified "pollutants before pumping begins" and testing of private wells were

vague and unenforceable because no clear test, or parameters for action, was specified).

B. Special Condition 14 — Monitoring Plan

17.  Holland challenges Special Condition 14 of the Permit as internally inconsistent,
impossible to comply with and, therefore, arbitrary, capricious, an abuse of discretion and
otherwise not in accordance with law. Special Condition 14 provides, in relevant part:

The Permittee shall prepare a monitoring plan for the following biological

parameters in the Kaskaskia River and submit the plan to IEPA for review and

approval within 90 days of the effective date of the Permit. The Permittee shall

implement the biological monitoring plan during the first defined low flow
conditions between July and September after approval of the plan.

The monitoring plan shall include mussel surveys that repeat
previous surveys conducted prior to and throughout the initial
permit issuance. 'The surveys must be conducted during defined
low flow conditions between July and September. Mussel surveys
shall be conducted the first summer afier permit issuance and
annually thereafier.

See Exhibit 1, Special Condition 14, at p. 10 (emphasis added).

18.  Special Condition 14 is inconsistent on its face and should be revised so that
compliance is possible. Special Condition 14 first requires that the monitoring of biological
parameters be implemented "during the first defined low flow conditions between July and
September after approval of the plan." /d. Special Condition 14 then goes on to require that the
monitoring plan be conducted "the first summer after permit issuance." Id. 'The permit's
effective date is May 1, 2011, and the first smmmer after the Permit's issuance will begin in June
2011. Notwithstanding this requirement, Special Condition 14 also contemplates ninety (90)

days for Holland to submit a preliminary biological monitoring plan to the Agency (e.g., not later
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than July 29, 2011). Id The Apgency then has an unspecified time period to approve the
preliminary biological monitoring plan. Considering the timing associated with submission and
approval of a biological monitoring plan, it will be impossible for Holland to complete biological

monitoring testing during the summer of 2011.

19.  Special Condition 14 should be revised so that compliance with the biological
monitoring plan required under Special Condition 14 it is not required until the first summer
after the Agency approves the biological monitoring plan. See, e.g., Caterpillar Tractor Co. v.
Illinois EPA, 1981 IlI. ENV LEXIS 113 (Ill. ENV 1981) (noting that a permit provision or term
is ambiguous if it does not state with certainty the permittee's duty or is subject to multiple
interpretations); Village of Sauget v. Illinois EPA, 1988 1ll. Env. Lexis 516 (Ill. Env. 1988)
(noting that it was impossible for the permittee to comply with a permit when the permit did not
state with certainty the discharger's duty due to the permit's broad definition of "contaminant"
that did not clearly identify to permittee which contaminants to monitor or what permittee should
do); see also Browning Ferries Industries of lllinois, Inc. v. Lake County Board of Supervisors,
PCB No. 82-101, 1982 1ll. ENV LEXIS 255, 31-32 (Ill. ENV 1982) (holding grant conditions
requiring the testing of unspecified "pollutants before pumping begins" and testing of private
wells were vague and unenforceable because no clear test, or parameters for action, was

specified).

III. MOTION TO CONFIRM AUTOMATIC STAY OF PERMIT.,

21.  Under the Administrative Procedures Act, 5 ILCS 100/1-1 et seq. ("APA"),
Holland's Permit is automatically stayed and the Prior NPDES Permit remains in full force and

effect pending resolution of this Petition. Section 10-65(b) of the APA provides:
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When a licensee has made timely and sufficient application for the
renewal of a license or a new license with reference to any activity
of a continuing nature, the existing license shall continue in full
force and effect until the final agency decision on the application
has been made unless a later date is fixed by order of a reviewing
court.

5 ILCS 100/10-65(b)}(2008). Under Section 1-35, a "license" is defined to include the Permit, 5
ILCS 100/1-35 ("License' includes the whole or part of any agency permit, certificate, approval,
registration, charter, or similar form of permission required by law, but it does not include a

license required solely for revenue purposes.").

22.  The Board recently conﬁrmed that, under Section 10-65(b) of the APA, a permit
issued under 415 ILCS 5/39.5 is automatically stayed pending resolution of a timely filed appeal.
See KCBX Terminals Company v. Illinois Environmental Protection Agency, PCB 11-43 (1ll. P.
Control Bd. April 21, 2011). This result also has been specifically applied to an appeal of a
NPDES permit. Id, citing Borg-Warner Corp. v. Mauzy, 100 1ll. App.3d 862, 427 N.E.2d 415
(3" Dist. 1981); see also Citgo Petroleum Corporation v. Ilinois Environmental Protection

Agency, PCB 07-10 (1L P. Control Bd. Sept. 21, 2006).

23.  The Agency issued the Permit on April 18, 2011 and Holland received the Permit
on approximately April 19, 2011. Pursuant to 415 ILC 5/40(a)(1) and 35 Ill. Adm. Code §
105.206(a), Holland has 35 days from the date it is served with the Permit to petition the Board
for review of the Agency's decision regarding the Permit. Holland filed this Petition with the

Board on May 18, 2011. This Petition is timely filed with the Board.

24.  Interpreting Scction 10-65(b) of the APA in the context of an appealed NPDES

permit, the appellate court held in Borg-Warner:

10
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Borg-Warner made the application for renewal of its NPDES
permit, that application was timely and sufficient on the record
before us, and therefore its original permit continues in effect until
final action on the application by the administrative bodies charged
with making the determination. A final decision, in the sense of a
final and binding decision coming out of the administrative process
before the administrative agencies with the decision making
power, will not be forthcoming in the instant case until the [Board]
rules on the permit application, after Borg-Warner has been given
its adjudicatory hearing before the [Board]. Thus, until that time,
under [the APA automatic stay], the effectiveness of the renewed
permit issued by the EPA is stayed.

Borg-Warner, 100111, App. 3d at 870-71, 427 N.E.2d at 421.

22.  Here, the Permit is a "license," Holland timely filed with the Agency an
application to renew the Prior NPDES Permit. The Agency issued the renewed Permit on April
18, 2011, conditions of which are the subject of this appeal. This appeal was timely filed.
Accordingly, under the APA and Board precedent, Holland's Prior NPDES Permit should

continue in full force and effect until final resolution of this Petition.

11
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WHEREFORE, for the reasons set forth above, Holland appeals Special Condition
Numbers 13 and 14 included in the Permit. Additionally, Holland requests that the Board
confirm that the automatic stay authorized under the Section 10-65(b) of the Administrative
Procedures Act applies and Holland's Prior NPDES Permit continues in full force and effect until

final resolution of this Petition.

Respectfully submitted,
HOLLAND ENERGY, LI.C

By:

/s/ Susan Charles
One of its Attorneys

Dated: May 18, 2011

ICE MILLER LLP

Susan Charles

300 West Wacker Drive, Suite 3500
Chicago, Illinois 60606

Phone: 312-726-1567

Fax: 312-726-7102
Susan.Charles@IceMiller.com

12
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. NPDES Parmit No. 1L.0074268
llinofs Environmental Protection Agency
Division of Water Poliution Control
1021 Notth Grand Avenus East
"Post Offlce Box 19276
Springfield, lllincis 62794-9276
NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM

Relssued (NPDES) Permit

Expiration Date: Apri1 30, 2016 Issue Date:  April 18, 2011

Effective Date: May 1 2011

Name and Address of Permittee:

" Holland Ensrgy, LLC
722 North High School Road
Indianapolls, IN 46214

Discharge Number and Name:

001 Cooling Tower Blowdo.\}'vn,l Evaporative Cooler
Blowdown, Demineralizer Regenerate, Filter Backwash, and

Turblne Wash

002 Hydrostatlc Test water, Water Line Clean Out, and

Stormwater
003 Hydrostatic Test water and Stormwater

In compliance with the provisions of the [linols Environmental Protection Act, Title 35 of Iil. Adm. Code, Subtitle C and/or Subtitle D, Chapter
1, and the Clean Water Act {CWA), the above-named permittee is hereby authorized to discharge &t the above location to the above-namad |

_ Facility Name-and Address:

Holland Energy Facility

RR2, 270-A

P.O. Box 65

Beecher Clity, lllinols 62414-0085

. {Shelby County}

Receiving Waters:

Kaskaskia River

Unnamed Tributary to Brush Creek

Unnamed Tributary to Brush Creek

receiving stream in accordance with the standard conditions and attachments herein.

Permittee Is not authorized to discharge after the above explration date. ‘ In order to receive authorization to discharge beyond the
expiration date, the permittee shall submit the proper application as required by the lllinois Environmental Protection Agency {(IEPA) not
iater than 180 days prior fo the expiration date.

SAK:DEL:LRL:06100601.daa

Jlw Al

Alan Keller, P.E.
Maneager, Permit Sectlon
Divislon of Water Pollution Gontrol

EXIIBIT 1
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Page 2
NPDES Permit No. IL0074268
ent Limitations a onitor]

; (
1. From the effactive date of this permit until the explration date, the effluent of the following discharge(s) shall be monltored and limited
at all times as follows:

LOAD LIMITS Ibs/day CONGENTRATION
DAE_(DMF) LIMITS ma/l
30 DAY " DAILY 30 DAY DAILY " SAMPLE SAMPLE
PARAMETER AVERAGE MAXIMUM AVERAGE - MAXIMUM FREQUENGY TYPE -

Outfall 001 - Cooling Tower Blowdown, Evaporative Cooler Blowdown, Demlineralizer Regenerate, Filter Backwash, and Turblne Wash
{Daily Average Flow (DAF) = 1.42 MGD)

Flow See Special Condition 1. i Continuous While

_ Discharging
pH See Special Condition 3, , . 1/Month Grab -
Totél Suspended Solids 15 30 1/Month Grab
Qil and Grease . 16 20 1/Month Grab
Chloride See Special Conditlon 17. ) Monlitor Only 1/Month Grab .
Temperature | See Spedial Conditlon 6. Continucus While

. Discharging

Total Residual Chlorine - 005 1/Month Grab
Zine (Total)* | 10 " 10 1/Quarter Grab
Phosphoru;s : ‘ ‘ 1/Month Grab
Chromium (Total)* | 0.2 0.2 » 1MQuarter Grab
Ammonia Nitrogen S_ee Special Condition 16. ‘ Monitor Oniy "IIMonth Grab

* - Quarterly sampling results for Chromium (Total) and Zinc (Total) shall be submitted during the months of April, July, October and January
“for the prececﬁng three month period.
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' Page 3
NPDES Parmit No. [1.0074268
uent Limltations and Monitorin

1. From the effective date of this permit untfi the expiration dats, the sfflusnt of ths following discharge{s} shall be monitored and limlted
at all times as follows:

LOAR LIMITS Ibsfday CONCENTRATION
DAF (DMF) LIMITS mal .
30 DAY DAILY 30 DAY DALY SAMPLE SAMPLE

PARAMETER AVERAGE MAXIMUM AVERAGE MAXIMUM FREQUENCY TYPE

QOutfall 002 ~ North Stormwater Basin*
{DAF = 0.105 MGD)

Flow - See Special Conditlon 1. Measure When
Monitoring
pH Seo Special Condition 3. Daily While Grab
) - Discharging
Total Suspended Solids 15 3o Dally While Grab
' ' _ Discharging .
Iron (total} ‘ 2 4 Dally While Grab
] Discharging
»..’Oll and Grease o 15 30 Dally While Grab
) Discharging

** . Sae Special Condition 12. Monitoring requirements and Ilmitatlons apply only when discharging hydrostatic test water andlor water
- .supply pipeline cleaning water.

Qutfall 003 - South Stormwater Basin*
(DAF = 0.1 MGD)

‘Flow See Special Condltlon 1. _ Measure When

Monitoring

pH ' See Special Condition 3. \ Dally While Grab
. Discharging

Total Suspended Solids ' 156 30 Daily While'- Grab
_Dlscharging

iron (total) 2 4 Daily While Grab
Discharging

Oil and Grease 15 30 Dally Whlla Grab
Discharging

* . See Special, Condition 12. Monitoring requirements and limitatioris apply only when dlschargmg hydrostatic test water and/or water
supply plpeline cleaning water.
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Page 4

“NPDES Permit No. 1L0074268
Special Conditlons

- SPECIAL QO[\JDITION - The discharge flow shalt be measured on a continuous basls and In tnits of Mlltlon Gallons per Day {MGD) and -
reported as a monthly average and a daily mammum on the monthly dtscharge Monltonng Report T

PECIAL COND!T|ON 2. This permitls wntten with the expressed understandmg that there will be no dlscharge from thls facility durlng
extreme low river flow condlttons Extreme low river flow is defined as those times when flow in the Kaskaskla River drops below 10 cubic
. feet par second Immediately upstream of the outfall

a §PECIAL COND TION 3 The pH shall be in the range 6. 0 to 9. 0 The monthly minimum and- monthly maxlmum Va!ues shall be reported ‘ a
"'ontheDMRform Lo , '

' : S_PECIAL CQNDITIQN . Samples taken in comphance with the. efﬂuent monltorlng requtrements eha]l be taken ata polnt representatwe_ .

.of the dlscharge ‘but prior to éntry Into the recelvmg stream

_ §PECIAL COND TION &, Ifan applicable affiuerit standard or I|m|tat|0n is promulgated underSectlons 301(b)(2)(C) and( " 304(b)(2)
and 307{a)2) of the Clean Water Act and that effluent standard or limitation is more stringent than any effluent limltation in the permit or -
controls a pollutant not lImited in the NPDES Permt, the Agency shall revise or modify the permlt in accordance with the more stringent
standard or prohlbltion and shall so notify the permittee.

SPECIAL CONDITION 6. A thermal mixlng zone Is recognized from Ouffall 001 downstream for 22 feet In the Kaskaskia River and for 26%
of the rlver width, Continuous temperature readings must be collected at the point 22 feet downstream of the outfall at a point midway in
the 25% of stream width beglnning at the east bank. The foliowlng limits must be met at this polnt:

© A, The following maximum temperature limits must not be exceeded at the edge of the mixing zone durlng more than one percent of the .
" hours In the 12 month petiod ending with any month. Moreover, at no tme will the water temperature at the adge of the mixing zone
exceed these limlts by more than three degrees F.

Jan, Feb. Mar, Aprli M_El\t June July Aug. Sept.  Qet Nov.. Dec.
°F 60 60 60 90 90 90 20 90 90 9 . 90 - 60
°C 16 16 16 82 32 32 32 32 32 32 32 16

B. In addition, the discharge shall not ¢ause abnormal temperature changes that may adversely affect aquatic life unless caused by
natural conditions.

« C. The rise intemperature at the edge of the mixing zone may not exceed the river temperature measured at the river water intake polnt
by more than five degrees F.

D. The monthly maximum temperature at the edge of the mixing zone must be reported on the DMR form along with the number of hours
temperatures exceeded the values in the above table and the accumulated time that the temperature at the edge of the mixing zone
exceeded the river temperature at the mtake by mora than five degrees F.

E. Inthe event that the facllitles thermocouple used to measure the mlxed stream temperature ehould fall, the following-equation may -
be used to determine the mixed stream temperature

TMR = TU + [(QC(TC-TU))Stream Flow]

TMR = mixed river temperature (°F)

TU = upstream river temperature {°F)

TC = effluent temperature (°F)

QG = effluent flow (MGD)

Stream Flow = one half the daily flow value of the recelving stream in MGD -

The permittee shall notify the Agency when they discover a failure in the thermocouple that would result in the use of this equation,
The permittee shall repair the thermocouple in a timely fashion and use of this equation may be suspended should the Agency
determine that the facllity has not repaired the thermocouple In a reasonable amount of tima.
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. §pecial Condltions

L.

) §PECIAL QONQITION 7. The Permlttee shall record monitoring resulis on Discharge Monitoring Report (DMR) Forms using one such form :
-for sach outfali each month , _ . ‘

In the event that an outfall does not discharge during a monthly reporting period the DMR Form shall be submltted wrth no dlscharge
Indicated.

. The Permittee may chodse to submit electronic DMRS (eDMRs) instead of mailing paper DMRs to the IEPA. More mformetion [ncluding
' reglstration informetion for the eDMR program can be obtalned on the IEPA weberte hitp: llwww epa.state.il. us/waterledmrﬁndex htmt,

The completed Dlscharge Monltoring Report forms shall, be submltted to IEPA no Iater than the 15th day of the followmg month unless - KN
. othenmse specifi ed by. the permitting authority. - . . ) '

'Permittees not using eDMRs shall marl Dlscharge Monitoring Reports with an onginai mgnature to the IEPA at the following address

Ilinois Environmental Protection Agency
Division of Water Pollution Control

1021 North Grand Avenue East

Post Offlce Box 19276

Springfleld, lllinols 62764-9276

Attention: Compllance Assurance Section, Mall Code # 19

'SPECIAL CONDITION 8, There shall be no discharge of the 128 priority pollutants, -except chromium (total} and zinc (total) from
. outfall 001, The discharge from Qutfall 001 shall be monitored once per year for the metals and phenols, as found at 35 !Il. Adm. Code
. Saction 304.124, as well as the 126 priority pollutants listed in 40 CFR 423 Appendix A. All analysis shall be completed using an
- dppropriate method contained in 40 CFR 136 on other USEPA approved.methods. The resuits of this yearly monltoring shall he submitted
with the December Discharge Monitoring Report.

SPEC!IAL CONDI TION 9, All samples for total resldual chlorine shall be analyzed by an applicable method contained in 40 CFR 1386,

equivalent in accuracy to low-level amperometric titration. Any analytical variability of the method used shall be consldered when
determining the accuracy and precision of the results obtalned.

SPECIAL CONDITION 10, in the event that the permittae shall require the use of water treatment chemicals, other than those proposed

in the application for this permit, the permittee shall notify the Agency in wiiting in accordance with the Standard Conditions, Attachment
H. The permit may then be modified or revised following public notice and opportunity for he,aring."

SPECIAL CONDITION 11. There shall be no discharge of polychlonnated biphenyi (PCB) compounds such as those commonly used for
transformer fluids. .

AL CONDITION
STORM WATER POLLUTION PREVENTION PLAN iSWPPP}

A A storm water poliutlon pravention plan shall be maintained by the permittee for the storm water assoclated with industrial activity at

. this facility. The plan shali identify potential sources of pollution which may be expected to affect the quality of storm water discharges

- associated with the Industrial activity at the facility. 1n addiltion, the plan shall describe and ensura the implementation of practices

which are to be used to reduce the pollutants in storm water discharges associated with industrial activity at the facility and to assure
compliance with the terms and conditions of this permit.

B. The owner or operator of the facllity shall make a copy of the plan avallable to the Agency at any reasonable time upon request.
C. The permittee may be notified by the Agency at any time that the plan does not meet the requirements of this condition. After such
notification, the pemmittee shall make changes to the plan and shall submit a written ceriification that the requested changes have bean

made. Unless otherwise provided, the permittee shall have 3C days after such notification to make the changes,

D. The discharger shall amend the plan whenever there is a change in construction, operation, or maintenance which may affect the
discharge of significant quantities of pollutants to the waters of the State or if a facility inspection required by paragraph G of this
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Sbecial Conditions

condltlon indicates that an amendment is needed. The plan should also be amended !f the discharger Is In violation of any condltions
of this permit, or has not achleved the general objective of controlling pollutants In storm water discharges. Amendments to the plan
shall bs made within the shortest reasonable period of time, and shall be provided to the Agency for review upon request.

E. The plan shall provide & descriptlon of potential sourc",es which may be expected to add significant quantities of pollutants to storm
water discharges, or which may result in non-storm water discharges from storm water outfalls at the facllity. The plan shalj lncluds
at a minlmum, the followlng ltems:

1.

6.

A topographic map extending one-quarter mlle bayond the property boundaries of the facillty, showing: the facllity, surface water
bodies, wells {including injectlon welis), seepage pits, Infiltration ponds, and the discharge points where the facility's storm water
discharges to a munlclpal storm draln system or other water body. The requirements of this paragraph may be Included on the
glte map if appropriate.

A site map showlng:

I, The storm water conveyance and discharge structures;

il. An outlne of the storm water dralnage areas for each storm water dlscharge point;

lii. Paved areas and bulldings;

lv. Areas used for outdoor manufacturing, storage, or disposal of slgnificant materiéls, Including actlvities that generate signlficant
quantities of dust or partlculates.

v. Location of éx]sting storm water structural control measures (dikes, coverings, detention facliities, etc.);
vi. Surface water locations and/or municlpal storm drain locations

vil. Areas of existing and potentlal soll eroslon;

vill. Vehicle service areas;

[x. Material loadlng, unloading, and access areas.

A narrative description of the following:

|. The nature of the Industrial activifies conducted at the site, including a description of significant materals that are treated, stored
or disposed of in a manner to allow exposure o storm waler;

. Materials, equipment, and vehicle management practices employed to minimize contact of significant materials with storm water
discharges;

M. Existing structural and non-structural control measures to reduce pollutants In storm water discharées;

iv. Industrial storm water discharge treatment facilities:

v. . Methods of onslte storage and disposal of significant materials;

A list of the types of pollutants that have a reasonable poténtlal to be present in storm water dlscharges In significant quantities.

An estimate of the size of the facllity in acres or square feet, and the percent of the facility that has Impervious areas such as
pavement or buildings.

A summary of existing sampling data describing pollutants in storm water discharges.
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F. The plan shall describe the storm water management controls which will be implemented by the facility, The approprate controls shall
reflect identified existing and potential sources of pollutants at the facillty. The description of the storm water managemsnt controls
shall include:

1.

Storm Water Poliutlon Prevention Personnel - Identification by Job titles of the Indlviduals who are responsible for developing,
implementing, and revising the plan.

Proventive Maintenance - Procedures for Inspection and maintenance of storm water conveyance system devices such as
ofifwater separators, catch basins, etc., and inspection and testing of plant equipment and systems that could fall and result in
discharges of pollutants to storm water.

Good Housekeeping - Good housekeeping requires the maintenance of clean, orderly facllity areas that discharge storm water.
Material handling areas shall be inspected and cleaned to reduce the potentlal for pollutants to enter the storm water conveyance
systom.

Spill Prevention and Response - ldentiflcation of areas where signlflcant materials can splll Into or otherwise enter the storm water
conveyance systems and thelr accompanying dralnage points. Speciflc material handling procedures, storage requirements, spill
clean up equipment and procedures should be Identified, as approprlate Internal notification procedurss for spllls of signiflcant
materials should be established.

Storm Water Management Practicss - Storm watsr management practices are practices other than those which control the sourge
of pollutants. They Include measures such as Instalilng oll and grit separators, diverting storm water into retention basins, etc.
Based on assessment of the potential of various sources to contribute pollutants, measures to remova pollutants from storm water |
discharge shall be Implemented. In developing the plan, the followlhg management practices shall be considered:

1. Contalnment - Storage within berms or other secondary contalnment devices o prevent leaks and spllls from entering storm
water runoff;

il. Oil & Grease Separation - Ollwater separators, booms, skimmers or other methods to minimize oil contaminated storm water
discharges;
lii. Debris & Sedlment Control - Screens, booms, sodiment ponds or other methods to reduce debils and sedlment in storm water
discharges;

Iv. Waste Chemical Disposal - Waste chemicals such as antifreeze, degreasers and used olls shall be recycled or disposed of
In an approved manner and in a way which prevents them from entering storm water discharges.

v. Storm Water Diversion - Storm water diversion away from materials manufacturing, storage and other areas of poteniial storm
water contaminatfon;

vl. Coverad Storage or Manufacturing Areas - Covered fueling operations, materials manufacturing and storage areas to prevent
contact with storm water.

Sedlment and Erosion Preventlon - The plan shall Identify areas which dus to topography, actwltles or other factors, have a high
potential for significant sofl eroslon and descrlbe measures to lImit eroslon,

Employes Training - Employee training programs shall inform personnel at all levels of responsibility of the components and goals
of the storm water pollution control plan. Tralning should address topics such as spill response, good housekeeping and materlal
management practices. The plan shall identify periodic dates for such training.

Inspection Procedures - Qualified plant personnel shall be Identified to inspect designated equipment and plant areas. A tracking
or follow-up procedure shall be used to ensure appropriate response has been taken in response to an inspection. Inspections
and maintenance activities shall be documented and recorded.
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G. The pemmittee shall conduct an annual facllity Inspection to verlfy that all elements of the plan, including the site map, potentlal pollutant

sources, and structural and non-structural controls to reduce pollutants in industrial storm watsr discharges are accurate. Observations
that require a response and the appropriate response to the observation shall be retained as part of the plan. Records documenting
significant observatlons -made during the slte inspectlon shall be submitted to the Agency In accordance with the reporting
raquirements of this permit,

This plan should briefly describe the abpropriate elements of other prograrﬁ requirements, inctuding Spill Prevention Control and
Countermeasures (SPCC) plans required under Section 311 of the CWA and the regulations promulgated thereunder, and Best
Management Pregrams under 40 CFR 125.100.

The plan is considered a report that shall be available to the public under Section 308(b) of the CWA. The permittea may clatm
portions of the plan as confldential business information, including any portion deserlbing facillty security measures.

The plan shall include the signature and title of the person responsible for preparation of the plan and include the date of initial
preparation and each amendment thereto.

Construction Authorization

Authorization is hereby granted to consfruct treatment works and related equipment that may be requlred by the Storm Water Pollut]on
Prevention Plan developed pursuant to this permit.

This Authorization Is Issued subject to the following condition(s).

1.

If any statemnent or representation Is found to be mcorract thls authorization may be revoked and the parmities there upon walves all
rights theraunder.

The issuance of this authorization (a) does not release the permittee from any liability for damage to persons or property caused by
or resulting from the Installation, maintenance or operation of the proposed facilltles; (b} does not take into consideration the structural
stabillty of any units or part of this project; and (¢} does not releass the permittee from compliance with other applicable statutes of
the State of llinois, or other applicable local law, regulations or ordinances.

Plans and specifications of all treatment equlpment being included as part of the stormwater management practice shall be included
in the SWPPP.

Construction activities which result from treatment equipment installation, including clearing, grading and excavation activiies which
result in the disturbance of one acre or more of land area, are not covered by this authorization. The permlttee shall contact the IEPA
regarding the required permit(s).

REPORTI

The facllity shall submit an annual inspection report to the lilinois Environmental Protection Agency. The report shall include results
of the annual facility inspaction which Is required by Part G of the Storm Water Polluon Prevention Plan of this permit. The report
shall also Include documentation of any event (spill, freatment unit malfunction, efc.} which would require an Inspsction, resuits of tha
inspection, and any subsequent corrective maintenance actlvity. The report shall be completed and signed by the authorlzed facility
employee(s) who conducted the inspection(s).

The first report shall contaln information gathered during the one year time period beginning with the effactive date of coverage under
this permit and shall be submitted no later than 60 days after this one year perlod has expired. Each subsequent report shall contaln
the previous year's Information and shall be submitted no [ater than one year after the previous year's report was due.



Electronic Filing - Received, Clerk's Office, May 18, 2011
*rEx***PCB 2011-085 * * * * *

Page 9

NPDES F_’ermit No. [LO074268

‘Speclal Condltlens

N.. Annual Inspecﬂon reports shaII be malled to the followmg address’: o

0.

llinols Envlronmental Protectfpn Agency
Bureau of Water -~ -
Compllance Assurance Sectlon
Annual Inspectlon Report
1021 Nérth-Grand Avenue East -

" Post Ofﬁce Box 19276 .
Sprlngf eld |I|InDIS 62794 9276

If the facllity performs mspectlons more frequently than requ1red by thls permlt the results-shall be included as addmonal mformatlon -
in the annualreport e _ Conhe . C

SPECIAL COND]TION 13 The Permiitee shall prepare a prelimlnary b|omon1tonng plan and submit the plan to the IEPA for review and
approval within ninety-(90) days of the effoctive date of this Permit. The Permittes shall begin biomonitoring of effluent from Cutfall 001
the first summer after plan approval.

Blomonitorin

1.

Toxlchy Test - Acute (4-d) and short-term {(14-d) toxiclty tests shall be run on juveniles of mussei species representative of the aguatic
community of the recelving stream. Procurement and testing of organlsms must be consistent with Standard Gujde for Conducting
Laboratory Toxiclty Tests with Freshwater Mussels (ASTM E2455-08). Guidelines for measuring effluent toxiclty must be conslstent
with hods for Measuring the Acute Toxicity of Effluents celving Waters to Freshwater and Marlne Organlsins (Fifth Ed.
EPA/821-R-02-012. Unlsss substitute tests are pre-approved; the following test is required.

An acute {4-d) and short-term (14-d) static-ranewal toxlcity test using newly-fransformed Juvenile fatmucket (L {Lampsiiis sifiguoldea )
or another IEPA pre-approved native species.

Testing Frequency - The above test shall be conducted using 8-hour composite effluent samples (one initial sample and sufflcient
renewal samples to be determined in blomonloring plan) discharged under normal operating conditions unless otherwise authorized
by the [EPA. Upstream water of the Kaskaskia River Is to be supplied to conduct sarfal dilutions. Testing must be conducted once
per year for two year beginning the first summer after permit issuance.

Reporting - Results shall be reported according to EPA/B21-R-02-012, Section 12, Report Preparation and shall be submitted to IEPA,
Bureau of Water, Compliance Assurance Section within one week of recelpt from the Iaboratory Reports are’ due to the IEPA no later
than 3 months following the test date.

Toxicity Assessment - Should the review of the results of the biomonitoring program Identify toxicity, the IEPA may require that the
Permittes prepare a plan for toxicity reduction evaluation and identification. This plan shall be developed in accordance with Toxlcity
Reduction Evaluation Guidance for Municipal Wastewater Treatment Plants, EPA/833B-99/002, and shall-include an.evaluation to

. determine which chemicals have a potential for being discharged In the plant wastewater, a monitoring program to determine their

presence or absence and to Identify other compounds which are not being removed by treatment, and other fmeasures as appropriats.
The Permittse shall submit to the IERPA Its plan for toxicity reduction evaluation within ninety (90) days following nofification by the
IEPA. The Permittee shall implement the plan within ninety (90} days or other such date as contained In a notlﬂcahon letter recelved
from the IEPA. :

The IEPA may modify this Permit during its term to incorporate additional requirements or lmitations based on the results of the
biomonitoring. In addition, after review of the monltormg results, the IEPA may mod|fy this Permit to include numerlcal IImltat|ons for
specific toxic pollutants. Modifications under this condition shall follow public notlce and opportunity for hearing.
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SPECIAL CONDITION 14. The Permittee shall prepare a monltoring plan for the following blological paramete'rs In the Kaskaskia River
and submit the plan to IEFA for review and approval within 8¢ days of the effective date of the Permit. The Permittee shall implement the
blological monitoring plan durlng the first defined low fiow condltions between July and September after approval of the plan,

The monftoring plan shall include mussel surveys that repeat previous surveys conducted prior to and throughout the Inltial permit
issuance. The surveys must be conducted during definad low fiow conditions between July and September. Mussel surveys shall
be conducted the first summer after permit issuance and annually thersafter.

SPECIAL CONDITION 15. The water supply necessary for the operation of this faclllty is to be obtalned from Lake Shelbyville via the
Kaskaskia Rlver, through a water supply agreement between the permittee and the lllinois Department of Natural Resources. Whils an
alternate water supply is not prohibited by this special conditlon, it may require the modification ofthis permit. The Agency must be notified
in writing prior to use of an altemate water supply. - The Agency will modify the permit following public notice and opportunity for hearing.

SPECIAL CONDITION 16, The permittee shall monitor Ammonla as N and report the concentration in mg/L belng discharged. The sample
frequency shall be once a month, The results of the monthly sampling shall be submitted with the monthly Discharge Monltoring Report.
After two years the permittee may request a modification to the permit to remoyoe the ammonta sampling if justified by the sampling results.

SPECIAL CONDITION 17. Chloride shall be monitored on a menthly basis for a year. Upon collection of the 12 monthly samples, and
upon written notification to the Agency the sampling may ¢cease, The Agency may modify the permit based on the results of the sampling
data to include further monitoring or limitations followlng public notlce and opportunlty for comment.
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Standard Conditions
Definitions

Act means the lllinols Environmental Protection Act, 415 L.CS 5 as
Amended, .

Agency means the Illlnoié Environmental Protection Agency.
Board means the lliinois Pollution Control Board.

Clean Water Act (formeny referred o as the Federal Water
Pollution Control Act) means Pub. L 22-500, as amended. 33
U.8.C. 1251 et seq.

NPDES {National Pollutant Discharge Elimination System) means
the national-program for issuing, modifying, revoking and reissuing,
terrinating, monitoring and enforcing permits, and imposing and
enfarcing preétreatment requirements, under Sections 307, 402, 318
and 405 of the Clean Water Act.

USEPA means the United States Envirohmental Protection Agency.

Daity Discharge means the discharge of a pollutant measured:

during a calendar day or any 24-hour period that reasonably
represents the calendar day for purposss of sampling. For
poilutants with limitations expressed in units of mass, the "daily
discharge" Is calculated as the total mass of the pollutant
discharged over the day, For polfiutants with limitations expressed
in other units of measurements, the “dally discharge” is calculated
as the average measurement of the pollutant over the day,

Maximum Daily DIscharge Limitatlon {daily maximum) means the
highest allowsble daily discharge.

Average Monthly Discharge Limitatlon {30 day average) means
the highest allowable average of dally discharges over a calendar
month, calculated as the sum of all daily discharges measured
during a calendar month divided by the number of dally discharges
measured during that month.

Average Weekly Discharge Limitation (7 day average) means thé
highest allowable average of daily discharges over a calendar
week, calculated as the sum ‘of all daily discharges measured
during a calendar week divided by the number of dally dischanges
measured during that week,

Best ‘Management Practices (BMPs) means schedules of
_ activities, prohibitions of practices, maintenance procedures, and
other management practices to prevent or reduce the pollution of
waters of the State. BMPs also Include treastment requirements,
operating procedures, and practices to control plant site runoff,
splllage or leaks, sludge or waste disposal, or dreinage from raw
materia! storage.

Allquot means a sample of specified volume used to make up a
total composlte sample.

Grab Sample means an 'ndividual sample of at least 100 milliliters
collected at a randomly-selected time over a perod not exceeding
15 minutes, '

24-Hour Composlte Sample means a combination of at least 8
sampie aliquots of al least 100 milliliters, collected at periodic
intervals during the operating hours of a facflity over a 24-hour
period. ' '
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sampla aliquots of at least 100 milliilters, coliected at periodic
Inte_rvals during the operating hours of ‘a facility over an 8-hour
period.

Flow Proportional- Composite Sample means a combination of
sample aliquots of at least 100 millliters collected at periodlc
Intervals such that elther the time Interval between each aliquot or
the volume of each aliquot Is proportional to elther the stream flow
gt the time of sampling or the total stream flow since the collection
of the previous aliguot.

{1) Duty to comply. The pormittee must comply with alf
condilens of this permit.  Any pemit noncompliance
constitutes a viclation of the Act and |s grounds for
enforcement action, permit termination, revocation and
relssuance, modification, or for denfal of a permit renewal
application. The permittee shall comply with effluent standards
or prohibitions established under Section 307(a) of the Clean
Water Act for toxlc pollutants within the time provided In the
regulations that establlsh these standards or prohlbitions, even
if the permit has not yet been modified to Incorporate the
requirements.

(2} Duty to reapply. If the permittee wishes to continue an activity
regulated by this permit after the explration date of this permit,
the permiitee must apply for and obtaln a new permit. If the

" permittes submits a proper application as required by the
Agency no later than 180 days prior to the expiration date, this
parmit shall continue In full force and effect until the final
Agency declsion on the application has besn made.

{3) Needto halt or reduce actlvity not a defense. It shall not be

a defense jor a permittee In an enforcement action that it would
have been necessary to halt or reduce the permitted activity In
order to maintain compliance with the conditlons of this permit.

'(4} Duty to mitigate. The permittee shall take all reasonable

steps to minimize or prevent any discharge In violatlon of this
pefmit which has a reasonable likellhood of adversely affecting
human health or the environment.

(6} Proper operation and maintenance. The permittee shall at
all times properly operate and maintalin all facilitles and
systems-of treatment and control (and related appurisnances)
which are installed or used by the permitiee to ‘achleve
compliance with conditions of this permit. Proper operation
and malntenance includes effective performance, adeguate
funding, adequate operator staffing and training, and adequate
lahoratory and process controls, including apprepriate quality
assurance procedures. This provision requires the operation of
back-up, or auxiliary facililies, or similar systems only when
necessery to achieve compliance with the condifions of the
permit,

{6) Permit actions. This permit may be modifled, revoked and
relssued, or terminated for cause by the Agency pursuant to 40
CFR 122.62 and 40 CFR 122.63. The filing of a request by the
permiitee for a permlt modffication, revocation and reissuance,
or termination, or & nofificatlon of planned changes or
anticipated noncompliance, does not stay any permit condition.

(7) Property rights. Thls permit does not convey any property
rights of any sort, or any exclusive privilege.

(8) Duty to provide information. The pemittee shall furnish to
the Agency within a reasonable time, any information which the
Agency may retuest to determine whethar cause exists for
modifying, revoking and relssuing, or terminating this permit, or
to determine compliance with the permit. The permittee shall
also fumilsh to the Agency upon request, copies of recorde
required to be kept by this permit.

~
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authorized contractor acting as a representatlve of the Agency
or USEPA), upon the presentatlon of credentials and other
documents as may be requlred by law, to:

(a)

(b)

(c)

(d)

Enter upon the permittee’s premises where a regulated
facility or activity Is located or conducted, or where records
must be kept under the condlfions of this permit;

Have access to and copy, at reasonable times, any
records that must be kept under the conditions of this
parmit;

Inspect at reasonable times any facliities, equipment
(including rnonitoring and control equipment), practices, or
operations regulated or required under thls permit; and
Sample or monitor at reasonable times, for the purposs of
assuring permit compliance, or as otharwise authorized by
the Act, any substances or parameters at any location,

(10). Monitoring and records,

(a)

(b)

{c)

(d

Samples and measurements taken for the purpose of

manitoring shall be representative of the monitored
actlvity. ’
The pemmittee shali retain records of all monitoring
information, Including all calibration and malntenance
records, and all original stip chart recordings for
continuous rmonitoring instrumentation, copies of all
reports requfred by this permit, and records of all data
used to complete the application for this permlt, for a
perod of at least 3 years from the date of this permit,
measurement, report or application. Records refated to
the permittee’s sewage sludge use and disposal activitles
shall be retalned for a period of at least five years (or
longer as required by 40 CFR Part 503), This patiod may
he axtended by request of the Agency or USEPA at any
time, :
Records of monitoring Information shall include:
(1) The date, exact ptace, and time of sampiing or
measurements;
(2} The Individual(s} who performed the sampling or
measurements;
The date(s) analyses were performed;
The individyal(s) who performed the analyses;
The analytical techniques or mathods used; and
(6} The results of such anaiyses.
Monitoring must be conducted according to test
procedures approved under 40 CFR Part 136, unless other
test procedures have been specified in this permit. Where
no test procedure under 40 CFR Part 138 has heen
approved, the permittee must submit to the Agency a tast
method for approval. The permittee shall calibrate and
perform maintenance procedures on all monitoring and
analytical instrumentation at intervals to ensure accuracy
of measurements.

(11)'5ignatory requirement. All applications, reports or
information submitted to the Agsncy shall be signed and
certified,

{a) Application. Ali parmit applications shall be signed as

(b)

follows:

(1) For a corporation: by & principal executive officer of
at least the level of vice president or a person or
positlon  having overall responsbliity: for
environmental matters for the corporation:

FFor a partnership or sole proprietorship: by a general
partner or the proprietor, respectively; or

For a municipality, State, Federal, or other public
agency: by elther a principal executive officer or
ranking elected official.

Reports. Al reports required by permits, or other
information requested by the Agency shall be signed by a
person described in paragraph (a) or by a duly authorized
representative of that person. A person is a duly
authorized representative only if:

(2}
(3)

(c)

(d)

(1} The authorization is made In writing by a perso
described in paragraph (a); and
(2) The authorization spedifies either an Indlvidual or
position responsible for the overall operation of th
faclllty, from which the discharge criginates, such a
a plant manager, superintendent or person ¢
equivalent responslbliity; and
(3) The written authorizatlon is submitted to the Agency
Changes of Authorlzation. If an authorization under (
Is no longer accurate because a different individual ¢
position has responsibliity for the overall operation of th
fagility, a new authorization satisfylng the requirements ¢
(b) must be submltted to the Agency prior to or togethe
with any reports, information, or applications to be slgne
by an authorized representative.
Certification. Any person signing a document unde
paragraph (a) or (b) of this section shall make th
following certification:

| cerflfy under penalty of law that this document and a
attachments were prepared under my direction o
supervision in accordance with a system designed t
assure that qualified personnel properly gather ant
evaluate the information submitted. Based on my inquir
of the person or persons who manage the system, o
those persons directly responslble for gathering tht
information, the information submitted Is, to the best o
my knowledge and bellef, true, accurate, and complete.
am aware that there ara significant penalties fo
submitilng false Information, including the posshbility o
fine and imprisonment for knowing violations. -

{12) Reporting requirements.

(a)

®)

(c}
(d)

(e)

Planned changes. The permittes shall give nolice to the

Agency as soon .as posslbie of any planned physlca

alterations or additlons to the permitted facllity.

Notice Is required when: -

{1) The alteratlon or addition to a permitted facility may

mest one of the criteria for determining whether £

:it):ility is a new source pursuant to 40 CFR 122.2¢
; or

The alteration or addition could significantly change

the nature or increase the quantity of pollutants

discharged. This nofification applies to pollutants

. which are subject neither to effluent limitations in the
permit, nor to nolification requirements pursuant te
40 CFR 122.42 (a)(1).
The alteration or addition results in a significant
change in the permittee’s sludge use or disposa.
practices, and such alteration, additfon, or change
may justify the application of permit conditions thal
are different from or absent in the existing permit,
inciuding notification of additicnal use or disposal
sites not reported during the permit application
process or not reported pursuant to an approved
land application plan.

Anticipated noncompliance. The permitiee shall give

advance notlce to the Agency of any planned changss in

the permitted facliity or activity which may result in

noncompliance with permit frequirements.

Transfers. Thls parmit s not transferable to any person

except after notice to the Agency.

Compliance schedules. Reports of compliance or

noncompliance with, or any progress reports on, Interim

and flnal requirements contsined in any compliance

schedule of this permit shall be submitted no later than 14

days following each schedule date.

Menitoring reports. Monitoring results shall bs reported

at the intervals specified elsewhere in this permit.

(1) Monitoring results must be reported on a Discharge

Monltoring Report (DMR),

(2)

(3)
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{f)

(9

%) If the permittee monitord "oy PQIBe@0Ad=085 * * * *d} Prohibltion of bypass. :

frequently than required by the permit, using test
procedures approvad under 40 CFR 136 or as
specified in the permit, the results of this monitoring
shall be included In the calculation and reporting of
the data submitted in the DMR.

(3) Calculations for all limitations which require
averaging of measurements shali utilize an arithmetic
mean unless otherwlse specified by the Agency in
the permit.

Twenty-four hour reporting. ‘The permitise shall report
any noncompifance which may endanger health or the
snvironment. Any information shall be provided orally
within 24-hours from the time the permittee becomes
aware of the circumstances. A written submission shall
also be provided within 5§ days of the time the permlites
becomes aware of the dlrcumstances. The written
submission shall contain a description of the
noncompllance and Its cause; the period of
noncompliance, including exact dates and time; and if the
noncompliance has not been corrected, the anticipated
time It is expected to continue; and steps taken or
planned to reduce, eliminate, and prevent rsoccurrence
of the noncompliance. The following shall be Included as
information which must be reported within 24-hours;

(1) Any unanticlpated bypass which exceeds any
effluent limitation In the permit.

(2) Any upsset which exceeds any effluent limitaion in
the permit,

(3) Violation of a maximum dally discharge limitation for
any of the pollutants listed by the Agency In the
pemmit or any pollutent which may endanger health or
the environment.

The Agency may waive the written report on a cass-
by-case basls if the oral report has been recslvad
within 24-hours,

Other noncompliance. The permitiee shall raport sl

instances of noncompllance not reporied under

paragraphs (12) (d), (e}, or {f}, at the time monitoring
reports are submlited. The reports shall contain the

informatlon listed in paragraph {12} (f).

Other information. Whare the permittee becomes

aware that it failed to submlt any relevant facts in a permit

application, or submitted incomect information in a permit
application, or in any report to the Agency, It shall
promptly submit such facts or Information.

Bypass.
(a) Definitions,

(1) Bypass means the intentional diversion of waste
sireams from any portion of a treatment facity.

(2) Severe properly damage means substantial
physical damage to properly, damage to the
treatment facllities which causes them to bacome
Inoperable, or substantial and pemmanent loss of
natural resources which c¢an teasonably be
expected to occur In the absence of a bypass.
Severe property damage does not mean ecohomic
loss caused by delays in production. .

(b} Bypass not exceeding limitations. The permittes may
allow any bypass to occur which does not cause
effluent limitations to be exceeded, but only If it also Is
for essential maintenance to assure efficient
operation. These bypasses are not subject to the

provislons of paragraphs (13)(c) and (13)(d}.

{c) Notica. _

(1) Anticipaied bypass. If the permiiiee knows in
advance of the need for a bypass, it shall submit
prior notice, if possible at least ten days before
the date of the bypass.

(2) Unanticipated bypass. The permittee shall

’ submit notice of an unanticipated bypass as

raquired in paragraph (12)f) (24-hour notice).

(14)

(15)

(1) Bypass is prohibited, and the Agency may take
enforcament action against a permittee for
bypass, uniess;

(I) Bypass was unavoldable to prevent loss of life,
personal Injury, or severe property damage;

{) There were no feaslbie altematives to the
bypass, such as the use of auxillary treatment
faclliies, retentlon of untraated wastes, or
maintenance diring nomal periods of

- .equipment downtime. This conditlon Is not
satisfied if adequats back-up equipment should
have been Installed in the exerclse of
reasonable enginesring judgmeant to prevent a
bypass which occurred durlng normal psriods
of equlpment. downtime or preventlve
maintenance; and

(iiy The permiltee submitted notices as required
under paragraph {13)(c).

(2) The Agency may approve an anticipated bypass,
aftar considering its adverse effects, if the Agency
determines that It will meat the three condltions
listed above In paragraph (13)(d}(1).

Upset.

(2) Definition, Upset means an exceptional incident in which
there is unintentional and temporary noncompllance with
technology based permit effluent limitations bacause of
factors beyond the reasonable control of the permitiee.
An upset does not Include noncompliance to the extent
caused by operational error, impropery - designed
treatment facilities, inadequate treatment facilities, lack of
preventive maintenance, or careless or Improper’
operation.

{b) Effect of an upset. An upset constitutes an affirmative
defenss to an action brought for noncompliance with such
technoiogy based pemit .efffuent limitatlons i the
requirements of paragraph (14)c) are met. No
determination made during administrative review of
clalms that noncompliance was caused by upset, and
before an actlon for noncompliance, Is final administrative
action subject to judiciat review.

{c) Conditions necessary for a demonstration of upset. A

" pemmittes who wishes to estabilsh the affimative defense

- of upsét shall demonstrate, through properly signed,
contemporaneous operating logs, or other relevant
evidence that:

{1) An upset occurred and that the permittee can Identify
the cause(s) of the upset; :

(2) The permitted facllity was at the time belng propetly
operated; and )

(3) The permittee submitted notice of the upsst as
required In paragraph (12)(f}(2) (24-hour notice).

(4) The permittee complied with any remedial measures
required under paragraph (4).

(d) Burden of proof, In any enforcement proceeding the
permiitee seeking to establish the occurmence of an upsst
has the burden of proof.

Transfer of permits. Pemits may be ‘transferred by

modification or autormnatic transfer as described below:

(a) Transfers by modification. Except as provided In
paragraph (b), a pemmit may be transfarred by the
permitiee to a new owner or operator only if the perrmit
has been modified or revoked and relssued pursuant to
40 CFR 12262 (b) (2), or a minor modification made
pursuani to 40 CFR 122.63 (d), to identify the new
permittee and incorporate such other requirements as
may be necessary under the Clean Water Act.

{b) Automatic transfers. As an alternative to transfers under -
paragraph (a), any NPDES permit may be aulomatically
transferred to a new pemittee If;

v M
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(17)

(18)

(19)
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(1) The current permitiee notifies the AakePaidéddt Bo085

days in advance of the proposed transfer date;

{2} The nofice includes a wiitten agreement beiween the
existing and now permitiees containing a specified
date for transfer of permit responsibiilty, coverage and
liabllity betweesn the existing and new permittees; and

(3} The Agency does not notlfy the exlsting permittee and
the proposed new permittae of its intent to modify or
revoke and reissus the permit. If this notice Is not
racelved, the transfer s effective on the dafe speclfied
In the agreement.

All manufacturing, commerdal, mining, and silviculturai
dischargers must notify the Agency as soon as they know or
have reason fo believe:

(m) That any activity hes occurred or will occur which would
result in the discharge of any toxic poliutant identified
under Section 307 of the Clean Water Act which is not
limited in the permit, If that discharge wlil exceed the
highest of the following notlfication levels:

(1} One hundred micrograms per liter (100 ug/l);

{(2) Two hundred micrograms per liter {200 ug/l) for
acrolein and acrylonitrile; five hundred micrograms
per Jiter (500 ugl) for 2,4-dinitrophenol and for 2-
methyt-4,6 dinitrophenaol; and one milligram per liter
{1 mgfl) for antimony.

(3) Five {5) tmes the maximum concentration value
reported for that pollutant In .the NPDES permit

application; or.
(4) The level established by the Agency in this parmit.

(b} That they have begun or expect to begin to use-or
manufacture as an intermediate or final product or
byproduct any toxlc poliutant which was not reported In
the NPDES permit appllcation.

All Publicly Owned Treatment Works (POTWs) must provide

adequate notice to tha Agancy of the foliowing:

{(a) Any new Introduction of pollutants info that POTW from
an Indlrect discharge which would be subject to Sections
301 or 306 of the Clean Water Act if It were directly
discharging those pollutants; and

(b) Any substantlal change in the volume or charaster of
pollutants being Introduced Into that POTW by a source
Introducing poliutants into the POTW at the time of
issuance of the permit. -

{c) For purpeses of this paragraph, adequate notlce shafl
Include information on {l) the guality and guantity of
effluent introduced into the POTW, and (i) any
anticipated impact of the change on the quantity or quality
of effiuent to be discharged from the POTW. -

If-the permit is issued to a publicly owned or publicly regulated
treatment works, the permiitee shall require any industrial
user of such treatment works fo comply with federsl
requireaments conceming.

(a) User charges pursuant o Section 204 (b} of the Clean
Water Act, and applicable regulations appearing in 40
CFR 35;

{b} Toxic pollutant offluent standards and pretreatment
standards pursuant to Section 307 of the Clean Water
Act; and

{c) Inspection; menltoring and enfry pursuant fo Section 308
of the Clean Water Act.

If an applicable standard or limitation is promulgated under
Section 301(b)(2)C) and (D), 304(b)2), or 307(a)}{2) and that
effluent standard or limitation s more stringent than any
offluent limitation in the permit, or controls a pollutant not
lImlted In the permit, the permit shall be promptly modified or
revoked, and relssued to conformm to that effluent standard or
lImitation.
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(20} Any authorization tfo construct issued to the permlt‘cee

(21)

(22)

{23)

(24)

(26)

(26)

(27)

(28)

pursuant to 35 lll. Adm. Code 309.154 is hereby incorporated
by reference as a condition of this permit.

The permitiee shall not make any false statement,
representation or cerlification In any application, record,
report, plan or other document submitted to the Agency or the
USEPA, or regulred to be maintained under this permit.

The Clean Water Act provides that any person who violates a
permit condition Implementing Sections 301, 302, 308, 307;
308, 318, or 405 of the Clean Water Act is subject fo a clvil
penalty not to exceed $25,000 per day of such viclation. Any
parson who willfully or negllgently violates permit condltions
implementing Sectlons 301, 302, 306, 307, 308, 318 or 405 of
the Clean Water Act Is subject to a fine of not less than
$2,500 nor more than $25,000 per day of vioiation, or by
imprisonment for not more than one year, or both.

Additional penalties for violating these sections of the Clean
Water Act are identified in 40 CFR 122.41 (a){2) and (3).

The Clean Water Act provides that any person who falsifies,
tampers with, or knowingly renders inaccurate any monltoring
device or method required to be malntained under this permit
shall, upon convictlon, be punished by a fine of not mora than
$10,000, or by imprisonment for not more than 2 years, or
both. If a conviction of a person is for a violation committed
after a first conviction of such person under this paragraph,
punishment Is a fine of not more than $20,000 per day of
violation, or.by Imprisonment of not more than 4 years, or
bath.

The Clean Water Act provides that any parson who knowingly
makes any false statement, representation, or cerification In
any tacord or other document submitted or required to be
maintalned under this permit, including monitoring reports or
reports of compliance or non-compllance shall, upon
convictlon, be punished by a fine of not more than $10,000
per viplation, or by imprisonment for not more than 6 months
per victation, or by both.

Collected screening, slumies, sludges, and other solids shall
be disposed of in such a manner as to pravent entry of those
wastes (or runoff from the wastes) into waters of the State.
The proper authorization for such disposal shall be obtalned
from the Agency and is incomporated as part hereof by
reference.

In case of conflict between these standard conditions and any
other condition(s) Included In this permit, the other
condition(s) shall govern, . : .

The permitiee shall comply with, in addition to the
requirements of the permit, all applicable provisions of 35 ill.
Adm. Code, Subfiie C, Subfite D, Subtitle E, and all
applicable orders of the Board or any court with jurisdiction.

The provisions of this permit are severable, and i any
provision of this permlt, or the application of any provision of
this permit is held invalid, the remaining provisions of this
permlt shall continue in full force and effect.

(Rev. 7-9-2010 bah)
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NPDES Permit No, 1L:0074268
illinols Environmantal Protection Agency

Divislon of Water Pollution Gonitrol

1024 North Grand Avenue East
Post Office Box 10276
Springfeld, llinois 62784-89276
NATIONAL POLLUTANT DISCHARGE ELIMINATION 8YSTEM
Modified (NPDES)Permit
Expiration Date: June 30, 2006 Issug Date: duly 21, 2000
Effactive Date? July 21, 2000

Modification Date: July 25, 2000
Modification Date; December 31, 2003

‘Name and Address bf Permittaa: Feility Mame and Address:
Holtand Erergy, LLC Holland Energy Facility

clo Constelistion Power Devalopment, Inc. Seclign8, THN,R4E
411 Market Place, Svitg'200 Holiand Township
Salimore, Manyland 212047410 . (ShebyCounty)
Dlscharge’ Nurnber-and Mame: Recelving Waters:

001 Cooling Tower Blowdown IKaskaskia River

Evaporative CoolerBlowdown, Clarifier
Slidge Dewatering, Plam Sumps and Drains .

002 North Stormwater Basin - Stormwater, Hydrostatic Test tnnamed Trbutary to Brush Cregk:
Water, Watér Supply Pipeling GLeanout Water st

003 :South:Stormwate Basin - Stormwalsr, Hydrostatic Test Unnamed Tributary to Brush Creek
Water

In compliaroe with the-provislons:of the linols Environmental PTotection Act, Tlle 35 of il Adm, Code, Sublifle C and/or Subite 1, Chapter
1,-and theClean Watar Act (CWA), the above-neimed permitteeis hereby attiptized to discharge-at the ahove lucatlbivto the above-ramed
recsiving stream Jo gccordance with the standard conditions and attachmenis herein,

Parmitlee |s not duthorized to discharge afier the shove axpiration date. In ordar to yeceive authorization to discharge beyond the
expiration date, the permittee shall submit the proper application as required by the lliincls Environmental’ Protectian Agengy {IEPA) not
later than 180 days ptior to the explration date.

Thomas . McSwlggin, P.E.
Manager, Parmit Section
. Division of Water Poliution Control

TGMDEL:00040501 daa

EXHIBIT 2
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Page 2

PARAMETER

NPDES Permit No. 1L0074268

Modification Date: Decamber 31, 2001

Effluent Limitations and Konitorit
LOAD LIMITS tbs/day CONCENTRATION
DAF (DMF) LIMITS ma/l
30 DAY_ " DAILY SQ-DAY ) DAILY SAMPLE BAMPLE
AVERAGE MAXIMUM AVERAGE MAXIMUM FREQUENCY TYPE

1, From the effective date of this permiit-until the expiration date, the-effiuent of the following discharge(s} shall be monitored and fimited

at all times as follows:

Outfali(s): 001

Floi (MGD)

pH

Total Suspended Sdlids
Ol and Grease -

Total Olssolved Solids
Sulfates

Temparziure

Total Residual Ghloring
Zinc. {totaf)
Phogphorous

Chromium (totsl)*

See Special Condifion 1

Sed Special Condition:3
l 15 30
. 15 20
1,800
T00
Bee Spacial Conditlan+4
0.05
- 1.0 1.0
~
0.2 ‘ 0.2

Continuous
2/Month Grab
2/WMonth ‘Grab
2/Month - Grab
2Month Grab
ZiMorith QGrab,
Continuous
2/Month Grab
1/Month Grab
1Morith Grab
HQuarier Grab

*Quasterly sampling resuits for Chromium {total} shall be submitied during the months of April, July, Ocleber and Januery for the
preceeding three manth peried,

‘Qutfalle: 002 -Bad 003, North and South Stormwater Basing**

Flow (MGD)

pH.
Total Suspanded Solids
lron (total)

Oll and Grease

‘Ses Special Condition §

See Special Condition 3

15 30
2 4
116 -30

Maasure’'When
Monitoring
2/Month Grabr
Zionth Grab
2fMonth ‘Grah
2/onth Grab

*‘See'SﬁeciaI‘Condltian 16, Monltoring requirements and lmitations apply only when discharging hydrostatic.test water or water supply

pipsiine claaning water,
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Page 3 Madliication Date: December 31, 2004

NPDES Permlt No. 1L0074288

Special Conditions

SPECIAL CONDITION 1, The digcharge fiow from ouifall 001 shall be measured on a contlnious basis, and shall be reported as a manthly
averaga-and 8 dally maximurn. The flow in the raceiving stream Immediately ypsiream of the ouifall shall also be monitored, and shall be
.feportedas a dally minimum, monthly average and dally. maximum, Within 90 days of the effective date of this permit, the permittee shall

submilt a stream monltoring plen sutlining the m&thads and procedures which will be.used lo mdnitor and record stream flow. The plan

should include the type and lecation.of the stream flow monitoring device, as well as expecied performance of tha device when meaguring

fower fiver flows. The stream flow moniforing plan required under this special condition ray be included with, and submitted as part of,

the Monltoring Plan required in Spegial Condition 12. .
‘SPECIAL CONDITIQON2. This permit.is written wiih the eXpressed tnderstanding that there-will be no discharge from this facility during
exiratne law river flow conditions. Extreme-fow fiverflow'is defined as those times when flow in the Kaskaskia River drops below 10 cubic
feat per second immediatély upsiream of the outfall,

SPEGIAL CONDITION 3, The pH shall ben the range 6.0 to 9.0, The menthly minlmum and menthly maximum values ghall be reportad
on the DMR form.

‘SPECIAL CONDITION 4.

1,  Water temperature measured at the end-of-pipe-for Gutfall 001 must not exceed the limis inthe following table durlng more than one
percant of the hours In the 12 morith period ending with any month. Moreover, at o tinie will the water temperajureal such tocation
éxceed the limits In the following lable by more than.3® F (1,7°C).

Jan,  Feb.  Mar  Aedl  May  Jupg  July  Aua,  Sepl.  Oct Nov,  Deg.
°F ao ad &0 B8C. 20 9 80 90 80 B0 ‘90 &0
°C 16 16 18 az 32 7] 32 » az 32 32. 16,

-

5. Complianca with the-water termperafure linits above will be determined through evaluation of the following monitoring requirements.
A continuous monitoring devisa will be operated et the end of the discharge pipe and will measurs temperalure in the effluent before
discharge to the Kaskaskia River. Monthly Dischargs Monitoring Reporis wilt provide the Instantansous dally maximum water

tamperature recorded for each day. In additien, the nurnber of hours that the hourly average effluent temperalure excegeds the
appropriate value from the-abavetable must be reported, whong with the individual hourly average temperature forthe hours when such
excursions ocaur. .

3. Additionally, the water temperature below the mixing zone must not exceed by 59°F or more the temperalure of the river water removed
from the Kaskaskia River in the intake. pipe.

4. Gompliance with provision #3 will be assessed on an hourly basis. Inlake water temperaturs will be measured by a confinuous
monitoring devics and the average hourly temperature will be compared with the average' hourly femperature reading from &
continuous monltoding device installed 1n-the river immediately below the mixing zone, The maonthly Discharge Monitoring Reports
must Jist all haure n which the rivertemperature at the edge of the mixing zone exceeded {he intake tempevaiure by more thal 5° F
as well gs the intake and river temperatures during these events.

SPEGIAL CONDITION 5, Samples taken in compllance with the effluent monitoring requirements shall be taken at'a point representailve
of the discharge, but peior to-entry into the receiving stream,

SPECIAL CONDITION &. {fan-applicable effluent standard or limitatlon is promulgated under Saections 301{BX2)(C) and (D), 304(b)(2),
and 307(a)(2) of the Clean Water Act and that effluent standard or limitation is more stringent than any effluent limitation in the permit or
controls a pollutant not fimited in the NPDES Permit, the Agency shall revise or modlfy the permit In accordance with the more slringent
standard or prohibition and shall so nctify the permittee,
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Page-4 Modification Date: December 31, 2001

NPDES Permit No. ILD074268

Spedlal Conditions

SPECIAL CONDITION 7, The permittes shéll record maonitoring results on Discharga Manitoring Report forms using one such form for
ach discharge each month. The complstad Discharge Manitoring Report form-shail be submitted monthly te IEPA, no [ater than the 15th,
ofthe following moenth, unless otherwise;speclfied by the Agency, lo tha following address:

Ilinois Environmental Proteckion Agency
Bureau of Wiater

Compltance Assurance. Seclion

1021 North Grang Avenus East

Post Office Box 18276 )
‘Sprngfield, llingls G27D4-B276

SPECIAL CONDITION B, Thereshali be no disoharge of the 126 pripety -polititants, éxoept shromium {total} and zine (totad), in defectable
amounts from outtall 001, The discharge from Qutfall 001 shall be menitored once per year for the matals and phenals, as found at 35
1, Adm. Code Section 304.124, as well as the 126 prionty pollutants listed in 40 CFR 423-Appendix A, All analysts shall be completed
using an appropriate mathod contained in 40 CFR 136 on other USEPA approved-methods. The results of this yearly monitoring shall be
submitted with the December Discharge Monitoring Report,

SBEGIAL CONDITION 9. . All samiples for totat residia! chlorine shall be.analyzed by an gpplicable maethod goniained in 40 OFR 136,
-equivaient in accuracy o low-level amperometiic titration. Any anatytical variabifity -of the mathod used shall be consldered when
determining the accuracy and precision of the results obtalned.

SPECIAL CONDITION 10, -In the.event thal the permitiea shall require the use of walertreatment chemicals, pther than (hose proposed
iri ihe. application for this perrnit, the-permittea. shaki-noflfy the Agsncy in wriling In accordance with the Standard Conditions, Attachmerit
H, The permit miay then be tnodified or revised following public notice- and opporiuntty for hearing.

SPEC 1

The permittes shalt condust blomonttoring of the -efluent from Outfall 001, "Querterly biomonitoring of the effluent discharge shell be
. performed on a narmal operating day. Annial biomonitoring shall.be parformed 'on a. normal opersting day during July, August or
September. -

Biemanitoring T

]

1. Acute Toxicity

A, Acute Toxitity - Standard definiilve acute foxicity testa shall be run on &t least two trophic levels of aquatic: species {flsh,
invertshrate) representaiive of the-aguatic community of the receivihg stiearm. Exceplas noted'here and in the IEPA document
“Effluent Biomonitoring and Toxiaily Asssssment’, testing must be.consistenl with Methods for Measuring the Acuie Toxigity of
Effuents to Aguatic Organis PS B00/4-90-027F, Unless substitute lests are pre-approved, the-following tesis are required:

a. Fish-9B hour gtatlc LCE0 Bisassay usiag oneto two week old-fathead minnows (Pimephales promelas).

b, Invertebrate48 - hour static LGS0 Bloassay using Cerodaphnia.

B. Tosting Frequency - The above tesls shail be conducted during the first feur quarters of faglity oparation for which fhere ig a
discharge and on an afnual basls for the duration of this permit, using 24 - hour composite effiuent samples unless othepwvlse
authorized by the Agency. Resulis shall ba repbrted according to EPS §00/4-80-027F, Seclion 12, Report Preparation, and shall
be submitied 1t IEPA within-45 days of receipt of results. .

2, Chronic Toxicity
A Chronic Taxicity - Chronic toxiclty tests shall be conducted an al least iwo irophlc fevals of aguatic spacies (fish, inverlebrate)
representative of the aqualic community of ihe receiving siream. Tasting must be consistent with USEPA's Short-Term Methods
for Estimating the Chronic Toxielly of Effluents and Recelving Water to Frashwaler Crganisms (Third Edifion) {EPA 6Q0-4-91-002},
‘Ghronic biomonitoring &hould require the foliowing tests:
(a.) Figh - Fathead minnow (Finephales promeles} larval sunvival and growth tesl (method 1000.0}

(b;) Invertebrate - Daphnid (Cerlodaphnia dubia) survival and reproduction test {method 1000,0)
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B. Test Frequency - The abave tests shall be condusted during the first four queriers of facility oparation for which there fs a
discharge, using 24 - hour composite effluerit samples unless otherwise authorized by the Agency. Results shall be.in raporied

according to EPA 6800-4-91-002, Section 10, Report Preparation, and shall be submittedta IEPA within 45 days of receipt of
results.

3. Toxiclly Assessment - Should the review of the results of the blomonitoring program identify toxicity. the Agency shall require that the
permilttes prepare a plan for toxicity reduction evajuation and identification, This plan shall include an evaluation to determine which
themicals have a potential for baing dlscharged in the plant wastewatér, & monitoring program to determine thelr presence of absence
and to Identify ather compounds which are netheing removed by treatment and/or other measures as appropriate,

Thia Agency may modify this permilt during lis term to incorporate additional requirements or liriitations hased on the results of any
biomontlorng. [n-addition, after review of the monltoring results, the Agency may modify (his permitto include pumerical limiations
for spaclfic toxic pollutants. Modifications under this condition shall follow public notice and apportunlly for hearing.

SPECIAL CONDITION 2. The Pérmittee shall prepare a fonltoring plan for the following chemical, physical and biological parameters
I the.Kaskaskia River and submit the plan 1o tEPA for review and gpproval within'BO days-of the effeclive date of the permit. The plan
shalt address phosphorus/algae productivity-and aquatic species. The Permittee shallimplement lhe blological monitoring plan duting the
first defined low fiow conditions between July snd Seplember aftér approval of the plan.

1. Phosphorus/Algae Productivfy

The Manitoring Plan will indude sampling of selected water quality parameters and indicators of biclogical productivity retated to
discharge of phosphorus-at a maximum of four Ipcations upsirearn and downstream of the facility discharge during defined iow flow
condilions between July and September, Locations of the monlioring localions, selaction of water quality parameters, ‘definition of low
flow conditions, :and methods.of measurement of bivlogical productivity, will be identified In the Plan.

The phosphorus monitoring-shall be.conducted-each year priorito the Initiation of the facliity operational discharge to establish baseline
‘conditions and annually thereafter.

2,  Aguatic Species i~

The-Konitoring Plan shall Include surveys for mussels.and the western sarid dafterthat repeat the surveys conducted for mixing zone

and nondegradation evaluations prior to permif lssuance. The surveys will be conducted during defined low flow eondltions: between
July and September.

—~

Agquatlc species monitoring shall be -conduclec:i each year prior ta-the inltiation of the fadility sperational discharge, in the first year of
operation, and I:;fer‘mia‘lh,r thereafter for the firgt term on he. permit.

3. Temperature

“The monitoring plan shall include a description of the methods to i}np‘iemen! Special Condition 4, including documentation and
delineation of the mixIng zone.

4, Reporting

An annual fegort of the results of the stream monliaring program will be submitied to the Agency by December 31s! of each year.
SPECIAL CONDITION 13, Prior to commencing operation, the permittee shall apply for and recelve en NPDES permit modification for
the discharge of stormwater asseciated with industrial activity, The medification request should include a site map indicating the location
of each stormwalter outfzll and the area drained by =ach outfall, an estimate of stormwater characieristics for each outfall, The name of

the receiving stream, and the latilude and longitude of each outfall. A-completed Form 2F insluding sampling, shall-be submitted for each
stormwater outfall within 180 days df the start.of operation,

SPECIAL GONDITION 14, The waler supply necassary for the operation of this facillty is to be obtained frorn Lake Shelbyville viz the
Kaskaskiz River, through 2 water supply agreement between the permiltee and the lilinois Department of Natdral Resources. A.copy of
the final water supply agreemant musthe submilted to the 1EPA prior to commencing operation. While an alternate water supply s not
prohibited by this special condition, It may requiire the madification of this permit. The Agency must be notifled I writing prior to use of an
allernate water supply. The Agancy will modify the permit following public notice and oppartunity for hearing.
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‘Special Gondifions

SPECIAL CONDITION 18, There shall be no discharge of polychlotinated biphenyl (PCB) ceunpounds sucli as those commonly used for
fransformer fluids. '

SPECIAL CONDITION 16,
STORMWATER POLLUTION PREVENTION PLAN (SWPPP)

A. A storm water poliution prevention plan shail be developed by-the permjitee for the storm water assoclated with industrial activity at
this facility. The pian shall Identify potentfal sources of pallution which may be expected fo effect the quality of storm water discharges
associated with-tha indusirial activity-at the facility. in eddifion, the plan shall describe and gnsufe the Implementation of practices
which are 1o be.used io reduce the pollutants In storm water tischarges associated with industrial activity at the facllity and fo assure
compliance with the terms and conditians of this permlt,

B. The plan shall be completad within 180 days of the efiective-date of this permil,. Plans shalt provide-for compliance with the terms of
the plan wiihin 365 days of the effective date of this permit. The owner or operater of the facility shall make 2 copy of the plan avallable

to the Agency at any Teasonable lme upcn request, [Note: If the plan has already been developed and Implemernted 1t skiall be
maimeined in accordance with all requiraments of this epeolal condliion.] o

C. The pammittee may be notifled by the Agency at any time that the plan doss not meet the requirements of this conditian. Aftet such
notification, {ne parmittee shall make changes forthe plan and shall submit 8 written certification that the requestad changes have beep
made, Unlsas otherwise provided, the permitiee-shall have 30 days after such notification to make the changes.

‘D. The discharger shall . amend:the-plan whenever there is a change in construction, operatlon, or maintenance which may affect the
dischatge of significant quantities of pollutants to the.weters of the State or.if a facfiity inepection required by paragraph G of this
conclitiorrindicates that an emendment is nesded. The plan should aiso be amended if the discharger is ih violation of any conditions
of this parmit, or has not achieved lhe.general objactive of controlling pollutants in storm water dischargss. Amendmenis to the plan
shall be made withinthe shortest reasonable pariod of time, and ahall be.provided to the Agency for review upon.reguest, S

E. Theplan shall provide a description ci potential seurces which may be-gxpected to-add slgnificant quantilles-of poliutants to-storm

water dischargas, or which:may result in non-sterm-weter discharges irom storm water outfalls at the facility. The plan shall inzlude,

ata minimum, the-following tems: -

1. A,topc;graphla-map.extem.ﬁng ane-guarter mite-beyond the.property boundaries of the facility, showing: the facility, surface water
bodies, wells {Includinginjecllan wells), seepage pits, infitratién ponds.and the dizscharge-points where.thi Facility's storm water
discharges to amunicipal storm drain system or other water bady. The requirements of this paragraph may be included on the
shie map if. appropriate. - C

‘2. Asila mapshowing:
I, The storm water conveyance and discharge struciures;
li. An outlineof the storm water dreinage areas for-each storm water discharge point;
L. Paved areas and buildings;

Iv. Areas used for ouldoor manufaciuring, -storage, or disposal of sigrificant materials, incluting acliviies that genssate
-slgnificant quaniitles of dust.ar particuldtes. ‘

V. Location of existing storm water struciural control measures (dikes, soverings, deteniion facilities, elcl);
V], Surface water gcations and/or municipal starm drain locations

Vit Areas of existing and potential soil erosion;

Viii. Vghicle service areas,

lx. Material loading, unlcading, and access areas. -

3, A narrative description of the-following:
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1. The nature of the industrial activities conducted at the slts, including & desuiption-of significant rmaterials that.ase treated,
gtored or disposed of-in & manner o allow expasure to storm water;

. iaterlels, equipment, and vehicle managament practices empioyed to minimize contact of sighificant materials with storm
‘water dischardes;

il Exigting strustural and non-stryctural control measures to reduce pollutanis i storm water discharges:
fv. Industrizl storr-water discharge treatment fadiiities: ‘
v, Methods of onsite slorage and disposal of significant materials;
4, Alist of the typas of poliutanits that have a reasonable‘potential to be present in storm water disthargss in slgniﬁcalam guantifiss.

5. An estimate of the slzé of the faclllty in acres or squars feet, and the percent of the facility that has impervious aress such as
pavement or bulldings.

€. A summary of existing sanpling data describing poliutants in slorm water discharges.

F. Theplan shall describe the statm water management contrals which will be implemerited by the facilly. The appropriate contrels shall

reflect identified existing and potentigl sources of pollutants at the facility. The description of the storm water management centrels
shall includsi:

1, Storm Water Pcliution Prevenlion Personnet - deritificatiorrby job tifes of tha individuals who are responsibly for developing,
implementing, and revising the-plan, ,

5]

Preventive Maintenance - Procedures for Inspection and malnterance of sterm water conveyance system deylces such as

oilfwaler saparatars, .caich bpsing, ets,, and inspaclion and testing of plant equipmant and systems that coutd fail and result in
gistharges of pollutants to storm water,

3. Good Housskeeping - Good housekeaping requires the maintenance of clean, orderly facility areas that discharge storm water,
taterdal andling arsas shal be inspected and cleaned to reduce the potantial for pollatants te enter the stortn water conveyance
system. - .

4, .5pili Prevention. and Resptinse - Identification of areas where sighificant materials can spill into or-atherwise-snjerthe storm water
gonveyance systems and their accompenying drainade poinks. Specific.meterlal handling praceduras, storags requirements, spif
clean up eguipment and procadures. should be ideniified, d@s appropriate. Intemal nalification proceduras-for spilts of significant
‘materials should be estabilshed. ,

5. Slorm WaderManagement Practlses - Sigrm waler management practices are-practices other than those which coniral the sourse
of pollutants. They inciude-measures such &g installing oil and gril separators, divetting storm walter into retention-basins, etc,
Based on-assessment of the potential of veriaus seurces to contribute pollutants, measures to remove pollutants from storm waler.
discharge shall be implemantad. tn develeping the plan, the following management practices shall b considered:

. Containment - Storage within barms or othar secondary containment devices to prevent leaks-snd spills from entering storm
water runofi;

ii. Ol & Grease Separation - Oilwater separators, booms, skimmers or ather msthods. to minimize oll contacrinated storm water
discharges;

fil. Debris & Sediment Contral « Screens, booms, sediment ponds or other tethods to reduce debris and sediment in storm water
-discharges;

Iv. Wasle Chemleal Disposal - Wasts chemicals such as arlifreeze, degréasers and used offs shall be recycled or disposed of
in.an approved manner and in & way which prevents them from entering storm water discharges.

.. Storm Water Diversion - Slorm water diversion away from Tnalerals manufacturing, siorage and other areas of polential starm
water contarminatio;

Vi, Covered Storage or Manufacturing Areas - Covered-fieling operations, materials manufacturing and storage areas to prevent
contact with storm water.
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6. Bediment and Erosion Prevention - Tha plan shall idenlify areas whilch die to topography, activilies, or other-factors, have a high
poiential for significant soil efosion and deseribe measures to fimit.erosion,

7. Employee Training - mployee tralning programs shall inform personnel et &ll levels of responsibility-of the componerts and goals
of the storm water pollullon control plan. Tralning should address topics such as.spill response, good-housekeeping and materlal
management practicas, Theplan shall identify periodic. dates for such training, i

8. Inspecton Procedures - Qualified plant parsonnel shall be identfied to inspect designated equipment and plant areas. A tracking
or follow-up procedure shall be used to ensure appropriate response has been taken.in response to an inspection. nspections
and malntenance actlvitles shall be.documented and recorded.

The permittee shall conduct an annual facility inspection toverify that ali elements of the plan, including the site tmap, potential poliutant
sources, and structural end non-structurat conlrols to reduce pollutants Imindustrial storm water discharges-are accurale, Observations
that require a response and-the.appropriale response to the observation shall be retalited as part.of the-plah. Records decumenting
signlficant observetions made during the site inspection shall ‘bs submitted te the Agency in -accordance with the reporting
requirements-of this permit.

This plan should briefly describe the appropriate slements of other program requirernents, including Spill Prevention Conlrol and
Countermeasures (SPCC) plans reguired undar Section 311 of the:CWA and the regulations promulgated thersunder, and Best
Management Programs under 40 CFR 125,100 ' o ‘

The plan is considerad a report that-shall besavallableto the public under Sectton 308{t) of the CWA. The parmittes may. claim
porlions of the plan as confidential business informatlon, intiuding any-portion describing facility séourlty measures. '

The plan shatl include the signature and titte of the person fesponsible for-preparation of the.plan-and include the daté of initial
preparation and each amendment thereto.

Constructon Authgrizalion

Authorizatlon'is hersbygranted to construct treatrnént works end retated equipmentthat may-be required by the Storm Water Fotlution
Prevertion developed pursuant to-this.permiit, '

Y

Tﬁis Auvthorizafion-is ]s_sqact: subject io the following condition(s).

1.

I-any statement or representation is found 1o be intarrect, this authorizalion may be-revoked and the permitize ihere upon waives il
S

‘rights thereunder,

The issuance of this autharization (a) does not-release the permittes:from any llability for damage to persons or property caused by
or rasulting frorm the installation, maintenance or oparallon of the proposed fecilities; {b) dogsnot take into conslderation the- structural
slablfity of.any units oF pari of thig project; and ©.doas not release the permittae from compliance with sther applicable statutes of the
State of flinois, or other applicable tocal law, regulations or ordirances.

Plans and spec!fications of all treatment ‘equipment being included as p'art of the stormwater management practice shall be included
Inthe SWPPP,

Gonstruction activities-which result from treatment equipment installation, including cleaning, grading and-excavation activides which
result in the-disturbanceé of five acres or more'ofland area, are not covered by this authorizetlon. The permitise shall contactthe 1EPA
regarding the required permit(%). -

REPORTING

The facility shall submit an annual inspection re.port-to the lltinois Environmantal Protection Agency. Tha report shiall include results
af the annuai facility thspection which Is required by Part Gof the Storm Water Pollution Pravantion Plan of this-parmit. The report
shall alse include docurnentation of any event (splil, treatment unit malfunction, elc.) Which would require an Inspection, results of the

inspection, and any subsequent corractive maintenance acfivity, The report shall be completed and'signed by the aulhorized facllity
empioyee(s) who conducled the Inspectlan(s).

The first repor shail contaln information gathered during the one year {ime period beginning with the éffsttive date of coverage under
this permil and shall be submitled na laterthan 60:days after this one yesr period has expired. Fach subszaueni repor! shall.contain
the previous year's information and shall be submitted no lziar than ore year aflar the pravious yeai s repon was due.
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N, Annual Ihspection reports shall be mailed to tha following address:

Ninais Enviranmental Protection Agency
Bureau of Water

Compliance Assurance Sectfon

Annual Inspaction Repoert

1021 Norih Grand Avenue East

Post Office Box 18276 7
Springfield, Ninofs B2794-8276

0. Ifthe facility performs Inspeslions more frequently thar required by this pefmit, the results shall be Incfuded as additional information
in the annual report, '
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attachmeni H
Stapdarg Conditlons
Datinliions
Act means the-llinols EBnviraninenial Proleclion Acl, 415 ILCS 5 as Amended,
Aguticy.maans the ilincls. Environmental Prolectlan Agensy,
Board mgans {ne [iinols Pollullon Contrb] Board,

Cloan Waler Act {formerly rofarred ta a5 the*Federal Waler Poliution.Control Ac) means
Pob, L 92-500, 45 amended, 33 LLS.C, 1257 ot seq.

NPDES$ [Halional Pollutant Oischarge Giminaiion System) mesns-ha nallbhal pragrary fof
IssUing, madiying, revoking ang ratssuing, smminating, medailoring end onlorclng pasenily, and
imposing end enforging pretresiment requirements, under Sectlons 307, 402, 318 #nd 405
of $he Claan Waler Act,

USEPA meany s Unhed Stelas Environragntal Protaction Agency.

.Dally Dischamo means th# dischamge of a poliutanl measured during & balosdar day or any

2d-hour period Ihal roasonably represens the calerddar day for purposes of sampling. For
pollutants with fmitalians gxpreseed in unhs of mass, the “dally discharge® 15 calculated oo
{he lotal mass of Jhe poliulant dischargod over the day, ‘For polutanis with Kmiallons

=xpressed n otheruniis of measurements, the *oally discherge* 14 énicilated asthe average

measuremant af ine.pollutant over the day.

Maximum Dally Dlacharge Limitation (dafly maximum) mennshe highest'aliowntle dally
discharge,, R

Avarape Manthly Dischargo Limitation {20 day-ovorage) means the'highast allowable
average of dally discharges over & calendar month, caloulated as the sum of all daity
discharges measured during a calendar month divided by the number of dally discharges
meagured during thal month,

Averagoe Woekly Discharge Limitatlon {7 day avarage) meens the highest allowable
avorage of dally discharges over a talendar week, cakiyletsd ns the sum of o)l daily

thgcharghs measured dusing @ calendsr waek dividad by the number of dally discharges
‘measured durmg thatweak, '

Best Manzgement Praclces (BMPemasns achedules of aciivitios, prohibitions of praciices,
maintenance procedures, end other manapemant:praciices te pravant or reducs e, potiuilon
ol walers ol.ihe Slale. BMPs piso hclude it requl s, operating procedurag, and
practicss 1o conlret pland she runoff, splilage or 1eaks, sludge of waste disposal, of dralege
from saw Metetal slorepe,

Allquol'maans a sample ol spacified volume used (o make up B lalal composite sample.

Grab Sample means an-individvel-sample of 5t least 10D miliifers-collecied 31.a sandomiys
asiacted tims.aver a periad not exceeding 15 minules,

24 rour Gomposile Samipie means e combinalion.of ol leas!'B-sample;aliquols of at leas|
160 milliliers, sojlected at periodic kitervals during Ihe operating hours gt-2.(aclltyover 2. 24
hour pesiod. ' .- .

)
B Hour Compaalte Samplo means's combination of at least I sample giiquots of at ie2s"100
myliifitors, colleclad ot punodic lenvals urinp e operating hours of & fawlity sver Bn.B-nour
meriod, ’

Flews Braportional Comiposite Sample means a corqblnation of sample aliquots of-a1 leqst
U3 liniers eollacwd st 'peciodlc Inlervais-sioch ihat eithar the {ime fitenval belwegn eact

“ahieuot o (it voluine.of each allquét is proporifonal.to either the straem flow a%the'fime-of

samphing or the tolaksiream flawsince Whecolletlion of fe: previouws. oliquet.

{1) Duty ta comply, The pammittee must comply with.all condtibens.of this-permiL. Any
Pefil nencompllance corsiimas 2 violalion of the Act and Is grounds for enlorcemant
action, permi {erminallon, revoeation and relssuance, modkication, of for demlal of a
petmil renewal application, The permbties shell coraply with efilusnt tiandards o
peohibilons estebllshad under Sectlon A0Fa) of the 'Clean Waler Ad lot Lo
pollutanta within Ee lirme provided i the requlations tha) establlsh wese Mondards o
prohibitions, aven H the permil hes nol. ye! baen modified to incorporate the
requiremsant,

x|
2

DUty 1o ragppiy, I the parmitet: yishes 10 conlime en aollvity regulated by thls permit
aher e expropon ¢ate of this parmill, Ihe pamiliee maest apply {or and ohialna few
permil, ) Ihe penmities subrmits B ptaper applicalion as required by the Agendy ne ldler
than 180.days priof 4o Ins expiralion date, this permil shall sontlnue In ll force anc
gHeel unll \ha ln el Agensy degikion on the epplicatlan has been medn,

(3 WMeed to halt or retuco activity not 2 delenas. || shall nol be a defonss for B
permiliea in an enforsemeni-aztion that | would have baen necessary lo'hehl of raduca
the premition Boiivity in order fo maimaln compliones with the condilions of this pormit.

14} Dutyto mligate. The permitse shell {ake il reasonable sieps o minimize or provent
aay descharga in violalion ol this parmit whith has & reasonable Jikofhootl of adversely
alfecting humpn healli of e Bnyironnient,

{5] Proper oporation and matnlenange, Thw parmitioe shall al ukilmas properly operala
‘wnd muntain all lacihbes and sysiems of naiment ang commil (and reloed
appuienanses) which ara mslalied or used by th panmilileé e behiove campliahen
with tonddions of thls peanl,. Propor opereljon end-mefilenanca ncludes sfocive
poriomiancn, adequate funding, sdrquale oporetor slaking and tralning, and adsquate
\shoealtry and process cofirdls, iIncding appropriale-quilily assuranke procoduras,
This-prgwnsion seqimces the oporaion of back-up, or awxdiory isglélas, o simfler
wyslems ondy witnn neseskary 1o ochiBYe comphanca wilh ihe condliens of the permil,

{6}

{n

)

(1ay

{11y
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¥Formil actions, This permit moy ba modifiad, rovoked and veissued, of lecminated
for cause by ihe Agency pursuant 10-40 CFR 122.62, Tho'llling of-b tuquest by Ihe
pemmities-for & perm fodlficalion, ravocation and rejssuanes, or tecminatlon, or @
aotification of planned ehanges of anficipated noncompliance, does nol stoy any
pammil cendiion.

Proposy Aghts. This permil dees not convey any propsity rights of any sor, ar any
exciusive pivilege.

‘Duty to. provide Information, The permitiee shall fuenish 19 the Agency. within a

reasonable tma, Bhy Infamation which s Agency may request lo detsimine whelhet
cause ax|sis for madifying, revoking and relssulny, or ierminating this permit, or to
dalermrine compilance withthe permit, The parminee shall alse [urnish = the Agency,
upon fequest, caples of reconds raquined'lo be kepl by Inis permit.

inspactlon and antry. The permiltge sholl aljow @n awthorzed rapressntalive ot tha
a.yg:.ncy. upon the presentalion of dedeniials and other documants bs may be fequired
aw, 1o}

{8} Enles upon lhe permilles’s premlses whore @ regulated faciity of acllvity .15
located of fonducted, of yhere racords must be kepl underthe contilions of this
pormil; .

{b) Hovye accesy 1o eod cupy,.at reasonable limes, aay records thal must 5o kept
under the conditions of this permit: i

(¢} Inspec) N ¥sasonble Yjmes any focilies, equipment {Including-monjloring and
conyrol eqhipment), praciices, .or operations regulated or required untul this
permi; and

(@) Sample or monlar ol caasonable times, Tor the purpost of assunng pemd
rotpllance,.of a3 oifersse -authéitzed by the Adl, any substances of parameless
A4l foy location. ’

-

‘Honltoring and racbrds.

{2} Samples. any maesurements -taken for the putpose-of monfianng shall be
faprazenialive of the menioed acplty,

{4} The permitise shall relain secords. of all monitering infarmalion, Includiag all
<allbralion ard malntenanee records, and all ofiginal strip chen racordings for
zunlinuous maalieding Instrumenialion, coplies of &l reposis requied by lhis
permi, end records of gl fata wsed lo complein the application tor this permit, for
B panod ol.at least 3 years from the Jate of \his permitt, measurement, fepor or
apphicatin. This.pesod-may be exiendad by raquess of the Agency.el any ume

{c} Raconds of monttating Informalion.shafl inslede:

0

{1) "The Sate, exact placs, and tims of sampling or measurements;
{2} Thelndividual(s) who peitormed the sampling .or measuremants;
(3} Thedate(s} enblyses ware. peridrmed;

{4) The Individual{s) who parlormed he anejysas;

{5) The snatyii tethnlques. or maihads used; and

{6} Tha resuls &i-such pnalysesx,

) Monlodng must becondustad according to {est proceduras approved under 40
"CFR-Pad 136, unlnss oiher L2sl procedures- have.been gpecified jo this permit.
Ahers no dest procodure onder 40 DFR Parl 126°has been dpproved, the
permitlea most submill (o dhe Agency a test method-forapprovdl, The permites
shall calittaie gnd pedform maintepance procedurss on all monioring and
- analyicalinstromeaniation at-inervals 1o eqyute aecamey & measyrements.

Slgnatory requirmment. Al applications, reporis-or information” submilied 1o Ihe
Agonty shellbe wigred and cedifed,

{e) Applisstion. Al parmlt apallcations shall bo signed as [alows:

41 For e corporationt by o princlpal executive officer of at least-the favetof
wlce presklent or-u parson or poglllon heving oventll raaponsibility fer
gnvironmental mattars for {ha corporation;

{2) For u partnership or sole propriatorshlp: by a gensral pannec or the
proprietor, respectively; of

(3 'For m municipality, State, Foderal, or other public agency: by eilner o
‘principal nxscullve ofiicer or ranking electad oliclal,

{4} Repons. Al repons required by pormits, or ofher informallon raquasted by the
Apency shall bo signed by B person deseribed in paregruph {8) of by 8 guly
evthorized represeniolve of 4hat person,. A person |5 @ duly aulhorizad
reprasantative only i,

(1) The suthorization Is made in wriiing by o person escribed in paragreph [a);
and

{2) The autnpozallon speciet-allner an indwidua! or o position teaponsile for
the overoll opersiton of the {acilly, from wiich the discharge originates, sucn
B8 B plan menagar, fuperintendent ar persoh of equivalen] respansibilily;
and

{3) Thewmten aulhuczaton is sSubmstiad fo the Agency,
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(i)

{13

14y

[€) Changss of Authorization. If an sutharizallonunder {b) Is na longer atcurate
bezause s difieront [ndividue! ot pasilion has responsiblity for the overall
apecatlon of the tacllity, 8 new tulhotizeflon salislylng the requirements of {b}
must be submitied 10 tha Agency prior 1o oriagetherwith any reporis, information,
or gpplications 4o be aigned by an aulthorizad represantalive, .

Raporing requiromants,

{a} Planned changes. The.permitiee shalf give notlee lo the Agency as soon ns
possible-af any plannad physical sheralens or addillons 1o the permilted Tacllity,

{b] Anilcipated noncompllance. The pamiliae shall give advence notice 10 the
Agency of any plenned changes in the permitian facillly or activily which may
resuh in nonzompliancs with permit requicementa,

{=} Compllanca scheduies. Reports of compllanes or noncompliance with, or any
prograss raports on, nterim and final fequirements contained In nhy compliance
schedule of this permit shall be submitied no fater than 14 days following sach
schodula dale, .

{d

-

Moaltoring reports.  Monitaring: resulis shall be repored al the Imervais
gpecifipd elsewhere in-hls permi,

(1) Monitoring resulis must bs reporied on a Dischacge Monitaring Report
{OMR). ’

{2) I the permiti=e= monliors any palidtant more fraquanlly tharr requirad by tha
perTi, using test procedures appeoved under 40 CFR 135 or as speclfied
In the, parmil, the rasults of thix monpdoring shall be included in ibe calculation
and raporing af 3he dalx-submifted In The MR,

(¥ Cdtculaliens for all limilations which requirs averaging of measureniends
shall uiize an ariihmetlc sean urless otherwise spacifed by the Agency In
tha pemi,

{a) Twenty-tour hour reparting. The permittes shal report mny noncompliance

which may ermdanger healih or the eavironment, . Any fnlormetion shal be

provided pally within 24 hoors lrom the tine the periee bacomes aware of the
cireuenstancas, A writlan. submission-shall also-ba provided withla 5 days.of ihe

time ' pemritise beoomss awae ! the chtumstances. The writlen suimission

shall contain & der wription-of tha nancompllance and its ause: the pariod of
noncompllancs, incleding exnct dales and Gme; and I the noncomplisnce has ot

been gorrecisd, the anticipated e ' 1s-expocied Yo' conllnue; and stept lakon

or planhed 1o reducs, gliminae, snt prevent recccurrense-of the nantompliance,

The fodowing shall be Included asinformallar which musl be.repurted withln 24

hours:

{1y Any vnanliclpeted bypass whith exceeds any efiluent Iimialon 1 ‘the
permit }

i2) Victatlon-of e meximum daily discharge limilation for any of Ihe paliutants
listed by tha Apency In the permit lo be reponed within 24 bours,

The Agency fnay walye the witlen-repont on 3 cose:bycase basls #Hhe oral
repor has been racelvad wiihin 24 howrs,

(i 'Other noncompllanza, Tre permittes  shall ‘teport 2\ ‘Instances of
noneémpliance. not regortdd. under parageaphs (3ZHe), (d), of (e), af tho time
manhornyg reporls are submitled. The taparts shall contain the jnjormition lsiad
-in paragraph (12){e).

=

Qthorintasation, VWiere the fermiltes becomes aware that fddfiad to submi ™
any relevantdacts In 2 parmit-application. or submilted Incomracd (nformafionin &
permit egplisatian, ar in eny repen to fhe Agency,d shall promptly subml such
taels or Injormation.

i

Teanster of panills, A permit may be aulomglically konsferred o 2 new permiiios
It:

{r) The vurronl permitiea-notifiesthe Agancy ! least 30 days In sdvance pf the
praposed ranstor dalo!

(b} Tne notica tncludes o writian agreemant batwaen the exisling and new permitises
contaming B spacilic dma for fransler of permil respenslallity. coveragn. and
Vlabllify belween ina eiment and new pedmitiees; and

(&) The Agency doos ngl netlly the .exisiing parmitles and the proposed mew
femaies of ts ntont % medlly of revake end caisave the parmil. |If this nofice ls
nol received, the ransier Is effective oa the dode spactied In the ugFeement,

All manufatiuring, commersial, Mising, ond $ivicutural-dischorgers must notily the
-Agancy as soon as thoy know of have foason I bellavo:

“{a} ‘Thod nny.sstivily has oocirred o will oosur which would result in tho discharga of
any loxic polluiant Idantified undsr Sectlon 307 of the Cloan Waler Act which 13
not hmited in the parmit, 1 that digcharge wilk axcaed ths highest of the lollowtng
notification lavels;

{1} DOno hundred micrograms per liker (100 upfl};

(2} Twahundred micrograms per liler (260 upA) jor acroleln and eervlonitdle:
inea hundred microgrems par-liter (500 wupd) for 2.4-tintisophenol and for 2-
melhyl-4,6 dintropnenal; end ons itigram por (iter (¥ mg/l} for nnlip\cny.

{2

-Five (5] lilmes tha maximurm concaniration valun reported lof that polluiant
inthe NPDES perml npplication: or

(45

(16}

(17

{15

(t9)

(20

(21

b}

(29

(4

(25}

(28}

(4} Tha devel estadlished by tha Agensy in s parmi,

(B) ‘Thet hey have begin:or expact lo beghn 1o use or manwachyre gs an inlommedlale
or finkl producs or byproduct any toxis,pellutant which was nol reponat 1 1ng
NPDEE pesmit application,

All Publiely Owned Treetmen|, Works (PQTWs) must provida adequate noilce 10 the

Agengy of the folloving:

() Any new itmduction ol pollutants inlo that POTW from an ndirec) discherge
which would be sublect 10 Sectons 301 or 308 of the Clean Waar act It it ware
direclly discharng those poliutianie, and

b

Any substantlal change In the volume.or character ol poliutanis being Introduced
Into that ROTW by & soures ntrodusing pollutanis inlo the POTW a ihe time of
issuanece of the pormii.

[c) For purposes of ihis paragraph,. adeguale natice shall includ & information on 0
the ‘quzlity and quaniily of -effluent Introduced Into the POTW, and {I) any
onficipaled impact of the thange-en the guantily or -qualily of .elfluani 16 bs
titscharged from the FOTW,

il hepormil is Istuad.lo g publiely owned or publicly teguiated rapiment works, the
permidee shall require any industed uset of “sueh Treatment works io comply-wilh
foderal raguitemonts conceming:

(e} User charges pursuant to Saction 204(b) of the Clean Watber Acl, 8nd apphicable
tegulations ep peariag f 40 CFR 25: :

(1) Toxk: potulant effivent standands and pretreaiment standasds pursuant lo Seclion
307 of-the Clean Water Act: and

{e}  Inspectian, monitaiing and entry pursuent 1o’ Section 208 of the Clagn Water A,

ilan applicable standand or it ation it promulgated under Sedlon A0NbUNEC) ang
(D), 304(k}{2), or 307{#}{2) and that eHluseal slandarg or lmitation s more-siringent
than any efuent findtation.in the peimnil, or contols a pollulent ol limited in the
perma, the perni shall be promplly rivdilied.or revoked, and rejssued 1o contorm 16
{nat sfiluant-siandard or limitalicn,

Any authorizetion o consiuct ssusd 16 the permines pyrsusnt lo 35 it Adm. Code
309,154 15 heieby Intarporated by relerence as a condidon of this permil,

The pen‘niﬁue shall nol make any [alse siavement, represantation or esflicalion In-eny
applicalion, record, report, plan or other documan submilled fo tha Adency or the,
USEPA, or reguired 1o be maintained under tilg perm,

“The -Clean Waler Act provides thel =iy porson ‘who vighales o perm condmdn

Implamenting Seclons 61, 302, 30,307, 308, 3 |B, or 405 of tha Clazn Waler Acl
I6 subjact W a civil penaily Aot 1o exseed '$10,000 per day of such viokation, Any

-person whowillivlly or neglipenily.violales peamit eondilions Implementing Sections

301, 302,306, 307, or 308 of the Glaan Waler Act i5:sutjeet 1o a fing of nat Jes< than
$2,500.nof more than 525,000 per.oay of violation, or by fmprisonmaent tof nel'more
Ihsn one year, of both.

The Clean wWaler Act provides that any persen wha falsiles, tarmpers wihh. of
‘knowingly renders inaccurale. any ménilong  chevlee .o methad required o be
mainkalned-uhder permil shal, upen eonviclion, be; punished by a (ive ofnol mare thar

510,000 per vialation, or by kmprisenment for nol more than & modihs par violation, or

by.botn;

The. Claan Waler Act provices thal any person who Kriowingly makes.any faine
slalement, rapresehilation, ér sonificallon In any record -or othee dotumesl submitiea
‘or required-te he maintalned under this pesmit shadl, Wcleding monlianng repons or
regons.of carnipliance or on-ehmplince.shall, Lpon conviction, be plnishad by o fine
ol ot maro than $10,000.per wistalien, or by kmprisontnent fot nol mare than & ranifis
per viplalion, or by both,

Coliceled scrgening, slumiea. sludges, ond other sgllds shall b dispased of in sugh
amanner as lo-pravant eniry ¢f thoke wasies (or ranoll.fromthe wasies) lnlo waters
of he State. Tha propar authodzalion for such dlsposal shall e obizined from the
Agency and |s incorporated g5, pan heraof by ralerance,

In case of confllcy betwoan these 'stenderd condlitons and any olher condilionfe}
Inciudad in his permit, tha olper candiilon(s} snal govern,

The prrmiitae shall comply whh, I sddillon 1o the requirements of Ihe parmit, af
appheable provisions.of 35 1. Adm. Code, Sumlte C, Subtills D, Subille E, and alt
applicatla orders of hg Board,

The provisions of Ihia permit are Saverabiz, and if any provision of Ihis permil, orthe
applicatien of any provision ot thia permbt 15 hetd Invalid, the remaining pravisions of
Uhls permill shialt.continug in fulllorce'and eflect,

(Rey. 3+3-80)
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A Member of the
Constellation Energy Group

December 29, 2004

* 1llinois Enyironmental Protection Agency
Bureau of Water

Compliance A ssurance Section

1021 N. Grand Avenue East

P.O. Box 19276

Springfield, Illinois 62794-9276

RE: - NPDES Permit # [L0074268 5-year renewal

Please find enclosed the renewal application forms from Holland Energy for the
NPDES Permit # IL.0074268 5-year renewal.

Holland is asking for the following modifications to be made during the renewal
process. '

Special Conditions:
11) Change the requirement of 24-hour composite sample for Bio-monitoring to a
composite sample during at least an 8-hour day during times of operation. (This is

due to the facility not continuously operating in 24-hour periods),

Fffluent Limitations and Monitoring:
Outfali 601
Specify Monitoring Point for outfall 001 at the lift purnp at the facility and piped to

the lab in the water treatment building.

Change frequency of sampling to once per month while operating as limited
operation of facility snggests and previous samples do not show any upward trends
of monitored parameters.

RR2, Box 270-A, Beecher City, IL 024 14-0065 = Phonre:; 618-487-5100 « Fax: 618-487-5192

EXHIBIT 3
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"““HOrPAND

A Member of the
Constellation Energy Group

Change Limit Concentration for Daily Maximum to 30 mg/l for Oil and Grease.
Change frequency from “continuons™ to “daily” for flow and temperature readings.
Bliminate Chromium, Zine, Oil and Grease, and Chlorine from list of parameters.
Outfalls 002 and 003

Change the sampling frequency from twice per month to once per discharge.

If you have any guestions, please contact Steve Dobbs or myself at 618-487-9120,

Re_spectfully YOUurs,

/3& I"Iatﬂé
7 General Manager
/" Holland Energy, LLC.

Enclosures
Cc:  Dale Linaweaver
Edward F. Tracey

File: Watet/NPDES Permit

RR2, Box 270-A, Beecher City, 1L 62414-0065 » Phone: ¢18-487-5190 « Fax: 618-487-5102
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ILLINOIS ENMARONMENTAL PROTECTION AGENCY

1021 North Grand Avenue East, P.O. Box 19276, Springfield, lllinois 62794-9276 » (217) 782-2829
James R, Thompson Center, 100 West ‘Randolph, Suite 11-300, Chicago, IL 60601 # (312) 8146026

PAT QUINN, GOVERNOR DoucGLas P, ScoTt, DIRECTOR
217/782-0610
April 18, 201}
Holland Energy, LLC
722 North High School Road
Indianapolis, IN 46214

Re:  Holland Energy, LLC o
NPDES Permit No. JLO074268
Final Permit

Gentlemen:

Attached is the final NPDES Permit for your discharge. The Permit as issued covers discharge
limitations, monitoring, and reporting requirements. Failure to mest any portion of the Permit could
result in civil and/or criminal penalties. The Illinois Environmenta) Protection Agency is ready and
willing to assist you in interpreting any of the conditions of the Permit as they relate specifically to
your discharge.

The Agency received your letters dated January 8, 2009 and January 19, 2009 regarding the draft
NPDES permit. Based on the information provided the following changes were made to the permit,

1. The mailing address for the facility was changed as requested.

2. Special Condition 6 will remain in the permit. The facility was granted a mixing zone for
temperature and the limits will remain in the permit to ensure that the facility is in compliance
with the thermal standard. ‘

3. ASTM Method E2455-06 will remain in Special Condition 13. The Agency received a leiter
dated February 23, 2011 from USEPA Region 5 supporting the use of this test method.

4. Special Condition 14 will remain in the permit. Prior to approval of the initial permit, [EPA
raised concerns over the potential impacts that the high volume wastestream would have on
aquatic life within the Kaskaskia River. The pre and post-operational mussel surveys
conducted under the previous permit were required in order to assure that the large
wastestreamn would not adversely impact aquatic life within the receiving water, It 1s
inherent that biosurveys of this nature are subject to variability from year to year due to
sampling inconsistencies as well as variable conditions of the receiving water. However,
based on a comparison of pre and post-operational surveys there is concern that mussel
recruitment may have declined in post-operational years. Given that these biosurveys were
initially required in order to assure that biology of ﬂze Kaskaskia River would be preserved,
the Agency has determined that additional mussel surveys are necessary when it appears that
mussel recruitment may be declining downstream of the facility. If additional mussel
surveys conducted pursuant to the attached permit suggest that mussel recruitment is not
impacted by the facility, the Agency will review the information and determine if this special
condition could be removed in the next permit renewal.

ﬁocldcird ® 4302 M. Main 5L, Rockford, [L 61103 » (B15) 987-7760 Des Plaines = 9511 W, Hartison $1, Des Plalnes, IL 60016 » (847) 294-4000

) Elgin o 595 5, State, Elgin, IL 60123 « (847) 608-3131 Peoria ¢ 5415 N. University S1, Peoria, IL 61614 » {309] 633-5463
Bureau of Land — Peoria = 7620 N, University St, Peoria, IL 61614 @ {309} 6935462 Champaign » 2125 S, Flrst 51, Champaign, 1L 61820 » (217} 278-5600 A
Collinsville » 2009 Mall Streel, Collinsville, )L 62234 = (618} 346-5120 - Marion » 2309 W. Maln St,, Suite 116, Marion, IL 62959 « (618) 993-7200

Prinied an Recycled Paper

EXHIBIT 4
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The Agency also received a letter dated January 7, 2008 from Prairie Rivers Network regarding the
draft NPDES permit, Based on the information provided the following changes were made to the
permit. -

1. Chloride monitoring Was added to outfall 001. Special Condition 17 was added which
outlines the monitoring requirement for chloride,

2. The Total Dissolved Solids (TDS) limit was removed from the permit. The Illinois P.olluticlm
Control Board eliminated the TDS water quality standard on September 4, 2008.

3. The sulfate limit was removed from the permit. Based on existing data, there is no
reasonable potential for the facility to exceed the water quality standard for sulfate.

The Agency has begun a program allowing the submittal of electronic Discharge Monitoring Reports.
(eDMRs) instead of paper Discharge Monitoring Reports (DMRs). If you are interested in eDMRs,
more information can be found on the Agency website, http://epa.state.il.us/water/edmr/index.html,
If your facility is not registered in the eDMR program, a supply of preprinted paper DMR Forms for
your facility will be sent to dyou prior to the initiation of DMR reporting under the reissned permit.
Additional information and instructions will accompany the preprinted DMRs upon their arrival.

The attached Permit is effective as of the date indicated on the first page of the Permit. Until the
_effective date of any re-issued Permit, the limitations and ¢onditions of the previously-issued Perinit
remain in full effect. You have the right to appeal any condition of the Permit to the Illinois
Pollution Control Board within a 35 day period following the issuance date.

Should Srou havé questions concerning the Permit, please contact Leslie Lowry at 217/782-0610.
Sincerely, : '
Alan Keller, P.E.
Manager, Permit Section
Division of Water Pollution Control
SAK:DEL:LRI.:06100601.daa
Attachment: Final Permit
cc: Records
Compliance Assurance Section

Champaign Region 4
Billing
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@ ILLINOIS ENVIRONMENTAL PROTECTION AGENCY
!

1021 North Grand Avenue East, RO, Box 19276, Springlicld, Nlinols 627949276 = (217) 782-2828
amus R, Thompeon Cenler, 100 Wasl Randoph, Sulte 11.300, Chicago, 11 80601 » (312) 814.6026

Par QuINN, CGOVERNGR DougLas B Scorr, DIRECTOR
217/558-2012

September 23, 2010

Ms. Susan Hedman
USIIPA Region 5, R-19J
77 West Jackson
Chicago, IL 60604

RE:  Request for Approval of Alternate Test Method Per 40 CER 136.5

Dear Ms. Hedman:

Our office has been in contact with Rob Pepin of USEPA Region 5 Permit Section regarding the
use of a unjonid mussel toxicity test, Tinois EPA desires to issue a permit to an internuttent
electric power genetation plant (peaket plant) with a condition requiring musssl whole sftluent
toxicity testing using an ASTM Method (E2455-06). 'We may also find that this test is necessary
at other facllities where unionid mussels are of interest, ‘We are hereby requesting the approval
of the Reglonal Administrator pursuant to 40 CFR 136.5 regarding our use of this test method.

ASTM Method E2455-06 is designed similarly to existing USEPA approved methods such as
2002.0 and 1002,0, acute and chronic effiuent toxicity test methods for daphnids. Mussels arc
Increasingly being tested due to thelr sensitivity to pollutants and decllning populations in river
habitats, USEPA’s recent publication of National Water Quality Criteria for Ammonia
(December, 2009) uses similar if not identical mussel toxicity tests as justification for the
ammotia critetla. The approval of this test under 40 CFR 136.5 by the Regional Administrator
is vital to our use and defense of the mussel test in permits. I have enclosed a page from the draft
permit that represents our intended use of the mussel test as a permit condition, Future uses in
porinits would be similar or identical. :

Please consider approval of this request at your earliest convenience, Rob Pepin ig familiar with
some of the details and I may be contacted at the above phone number,

Sincerely,

Robert Mosher

Manager, Water Quallty Standards Unit
‘Diviglon of Water Pollution Control

RGM:dipMmollandmussellst

¢ot Rob Pepin, USEPA Reglon 5, WN-16J
Lealie Lowry

» 07

Rockiprd w 4302 N, Mkt 5Ly Rocktond, 1L 61107 » {815} 8077760
Elpin » 95 § Siale, Byin, 1L 60120 » {447} 608:313)
Burcay of Land - Meotia « 76720 N, Unbverilty 5L, Profy, 1L @1614 » [D079) 0973462
Collingville = 2009 Mall Street, Collmsvlln, IL 62244 » (G186} 340-5120

Des Plaines = 9511 W Hanison 51, Des Maines, 1L 600716 « {047) 2944000
earia v 54315 N. Unlveralty Sty Peosin, 1L 51614 « (10U) 693-5163
Champnign » 2125 5. Frs| 81, Champatgn, 1L 61820« {217) 2745800
arkyn 4 2300 W. Maln St, Suile 114, Marion, 1L 62959 & [618) 5537200

Peiiped an Reeyyled Papem

EXHIBIT 5
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NPDES Permlt No. ILC074288

Special Canditions

N. Annua Inspactlon reports shall ba mailled to the following addraé;s:

llinols Environmental Proteclian Ageticy
Buraau of Water .
Compliance Assurance Section

Annual Inspeetion Report

1021 North Grand Avenue East

Post Office Box 19276

Springfield, liinols 62T754-8276

Q, Ifthe fadiiity performs Inspections more fraquently than required by this permit, the results shall be included as additional Information

in the antual report,

SEECIAL GONDITION 13, The Parmittes shall prepare a prellminary blemonitoring plan and submit the plan to the |EPA for review and

apptoval within ninety (90} days of the effective date of this Parmit. The Permities shall hegin biomanlloring of sffluent from Outfall 001
the first surnmer after plan approval.

Blomentoring

1.

Toxlelty Tes! - Acute {4-d) and shart-term (14-d} toxlcily tests shall be run on Juveniles of mussel spacies represantative of the aquatic
communlty of the recolving sirsam. Procurement and testing of organisms must be conalstent with Standgrd Guide for Qonducting
| photatory Toxicity Tests with Froshwaler Mussels (ASTM F2455-08). Guidelines for measuring effinent toxleity must be consistent
with Mathods for Maasuring the Aenle Toxieily of Effluents and Recealving Waters to Fres r and Marine Organisms {Fifth Ed.
ERAB21-R-02-012. Unlass subsiituts tests ars pre-approved; the following festis required.

An acuié (4-d) and shott-termn (14-d) gtatic-renewal toxicity test using newly-lransformed juvenile fatmucket (Lanipslis slliguoldea)
or anothar IEPA pre-approved native species,

Testing Frequency - The above test shall be conducted using 8-hour composlte effluent samples (one inftial aample and sufficlent
renewal samples to be detemiined in blomonioring plan) discharged under normal operating conditiona unless otherwlse authorized
by the IEFA. Upsltream watgr af the Kaskaskia River is to be supplied to conduct serlal dllutlons. Testing must be conducted once
per year for twoe year beginping the first sutmmer after permit issuance,

Reporting - Resulis shall ba repeorted ageording to EPA/B21-R-02-012, Sealion 12, Report Preparation and shall be submitted to IEPA,

Bureau of Water, Compliance Assurance Setllop within one week of recelpt from the laboratory. Reports are due fo the |EPA no later
than 3 months following the test date,

Toxjelty Assessmant - Should the review of the results ef the hiomonitering program identify toxicity, the IEPA may require that the
Pemiliee prepara a plan for toxicity reduction evaluation and idenlificatlon. ‘This plan shall be developed in accordrnce with Toxiclty
Reduction Byalsatlon Guidance for Municipal Wastewater Treatment Plants, EPA/8338-88/002, and shall include an evalualion to
detarmine which chemleals have g potentlal for belng dischargead In the plant wastewater, 2 monitaring program {0 determing thelr
presence or abaence and to Identify othor gempotinds which are not boing remaved by treatment, and other measures as appropriate,
The Parrnittes shall submit to the IEPA its plan for toxiclty reduction evaltiation within ninaty (30) days following notifications by the

IEPA. The Permittea shall implement the plan within ninety (90) days or other such date as contalned In a notification letior recoived
from the IEPA.

‘The |EPA may modify thls Permlt during its term to Incorporate additional requiremants or imitations based on the results of the
blomonitoring. In edditlon, afler review of the monftoring results, the [EPA may modify this Pormit ta include numercal imiations for
gpeoific toxic pellutants. Modlfications under this condlition shall follow public notice and apporunity for hearing.
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%, 3 77 WEST JACKSON BOULEVARD
CTT CHICAGO, IL 80604-3580
FEB 23 201
REPLY 10 THEATTENTION oF: W C-157
Mr, Robert WMosher

Manager, Water Quality Standards Unit
Division of Water Pollutlon Control
Tllinois Environmeutal Protection Agency
0. Box 19276

Springfield, Nllinois 62794-9276

Dear Mr, Mosher:

I am responding to your Altemate Test Proccdure (ATP) Application for Limited Use of
ASTM Meihod H2455-06. Method E2455-06 is tho “Standard Guide for Conducting Laboratory
Toxicity Tests with Freshwater Mussels.” ‘Wa have received and reviewed the corresponding
Ilinois Environment Protection Ageney request and supplemental materials. We are pleased to
inform you that based on our review and the recommendation from our technical staff, the
proposed procedures are approved (or Limited Use,

This approval is provided under ths authority granted to me in 40 CFR Section 136.5, and
may be nsed in relation to the Clean Water Act National Pollutant Discharge Eliminaiion System
(NPDES) and Pretreatment Program Monitoring, This approval is for the analysis of Acute and
Chronic Whole Effluent Toxicity nsing freshwater mussels as a test species and applies
exclusively to the Holland Encrgy Facility, illinols NPDES IL0074268.

Thank you for your participarion in the ATP process. If you have questions regarding
this Iotter, please contect Kenncth Gumter, ATP Coordinetor, Water Division, at (312) 353-9076.

Sincerely,
R?’©1&ﬂw®‘ gwﬂw /\L Hﬂ}/
BEANRL
AR ‘ '390“0“ Tinka G. Hyde
uﬁaGB Nate e WATEH Director, Water Division
BUR
Enclosures

co; Barbara Conner, TEPA

Recyclod/Recycizble « Prinled with Vegetable Dl Uasad Thks on 1%0% Resyclad Paper (50% Posleansurner}

" EXHIBIT 6
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WATER MUSSELS,

ALTSRNATE TEST PROCEDURE Tn'LE-. WHOLE EFFLUENT TOXICITY TEST USlNG FHESH

. t .
et '\" {l‘.‘ \ f \ ! -‘I"r"l‘v:- “I. !
'

AspeCT: Codification In Faderal

PERSON ASSIGNED HESPONSIBILITY:

Ita) "
g speclflad

Regulations LIS EFPA
1ssUBE! Tha WET test methods are incorporated by rafarence _
CoMPORENT ! Three test methods are SOURCE: 40 CFR part 136

R02-012,013, and 014), These manuals identify
practices where fiexiblitty Is allowad.

SUMMARY The WET test methods and thelr procedures arg dascribed In EPA manuals (EPA-B21-

the selection of the test species as well as

procedures under 40 CFR 136.4 and 40 CFR
136.56.

f {h) | Sourci: EPA 821~R-02-012,
o | GomponenT: USEPA. October 2007, EPA 821-R—C2-013,
L. | Testing the Toxlolty of Surface Water on and EPA 821-R-02-014.
Fish and Qther Aquatic Speclss Fourth
| .| Edlion.
SUMMARY:

. Tho use of any test specles or taet condlilons other thah those descrlbed in the methods
summary tables In this manual shall be subject to application ard approval of alternate test

flll‘“ ASPECT:
HOLLAND ENERGY L1 C
AR 2 BOX 270A

BERFCHER CITY, IL 62444

4

PEAHEON ASSIGNER RESPONSIBILITY !
illinois EPA

lsaue: Kaskaskia RIVER

i{a} | CompoNeNT: WATER QUAUTY LIMITED Soureces 1L0074268 Outfall 001
SEGMENT
Summary: The stroam segment receiving the discharge from outfall(s) 001 Is on the 303 (d) list of
Impaired watars,
Mk} | componenT: Speclal Condition 18 Source: ILBO74268 Outtall 001

SumMmMARY: The Permittee shall prepare a prelltninary blomonitoring plan and submilt the plan to the
IEPA for review and appraval within ninsty (90} days of the effective date of this Permit, The Permittes

h.[m p—
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shall begin biomonitaring of effluent from Outfall 001 the flrst summer after plan approval

{o} | ComponenT: Blomonltering Bounce; ILED74268 Outfall 001

SuMMARY; Toxicity tests shall be run on juveniles of mussel specles representative of the aquatic
cormmunlty of the recelving stream

| lid)' | ComponenT: Test Methods Bource: [L0074268 Qutfall 001

SUMMARY: Acute (4-d) and short-tarm {14-d) toxicity tests cansistent with Standard Gulde far
Condusting Laboratory Toxleity Tests with Freshwater Mussels (ASTM E2455-06) and Metheds for

Measuring the Acute Toxleity of Effluents and Recelving Watets to Freshwater and Marihe Qrganisms
(Fifth Ed.) EPA/B21-R-02-012.

e | Aspect: Standatd Guide for PERSON ASSIGNED RESPONSIBILITY!
“. | Conducting Labarataty Toxlelty :
A . 1| Tesis with Freshwater Mussels

fassuz: Protestiveness of WQC

M| compong: Water Quality Criteria Sounrck: ¢ ASTM F2456
{2 7| for ammonta

Summary: Results of acute toxloity tests (24 to 96 h) for 10 speoles In 8 ganera were used to

calculate genus mean acute values (GMAVS) ranging from 2.66 to 8.97 mg/L (total ammonla as N at
pH 8 at 25°C),

"ﬂl(h),: CoMPONENT: Acute sensttivity of Source: ASTM E2455
W freshwater mussels

SummarY: Reoalcliatlon of the orlteria maximum coricentration (CMG} Including these mussel data
resulted In a CMC 75 % lower than the CMC of £.62 mg/L total ammaniz as N at pH 8 at 28°C

T g .

[ s ype toxt)




Electronic Filing - Received, Clerk's Office, May 18, 2011

MAR-08-11 TUE 03:02 PN + L K ﬁ@@*ﬁ%ﬁlﬂ%85 « % % #4% NO, 2177829381 P, 05
Aov. 1 ATP Checkli
n COMPONENT CHaoNIG Sensitivity of Sounce: ASTM E2456
{c) freshwater mugsels

Summanry: The range of acule to ohronie ratios were used to satimate a orlteria continuous
cencantration (CCO), the estimated CCC for musseéls was 20 to 76 % less than the CCG of 1.24 mg/L
total ammonla as N at pH 8 and 25°

i COMPONENT: CONMPONENT S0UuRcE: ASTM EP455
‘(d) -

Summary: Keller et al (2008) () concluded that U.S, Environmental Protection Agency (USEPA)

‘| water quallty erlterla (WQC) for some metals and amronla may not be protestive of freshwater
mussels, :

v AspeEcT: PROTOCOL APPROVAL OF ATPs | PERSON ASSIGNED RESPUNSIBILITY:
! ' US EPA Offlce of Water (EAD)

15suE: Scope of guldance

V" | CompoNent, Applicabllity SoURGE: EPA 821-B-98-002
(a)’ *

summMARY: Suhject protocol doeg not establish ar alfect legal obligations under federal ragulations.

IV({h). | ComPONENT: @ Definlifon Source; EPA 821-B-98-002

SUMMARY! A proposed procadure ig cohsldered a "modifled” procedure if It Involves only minor
changes in established test conditions for an approved spedlss/method, , or If It employs a "new"
species to be used s a substltute for a related, Agenoy-approved specles and can be performed with

assentlalty the same test gonditions and methods of data analysis used for current Agency-approved
species/metheds

T
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V(c), | COMPONENT: Sougee: EPA 821-B-98-002

SummasY: The sensltivity of the proposed test species/method must be demoenstrated to be equal to or
greator than the sensitivity of clrrent Agency-apptoved specles /methads, Using reference toxicants or

efiluents
N ASPEOT! RPQUEST FOR APPROVAL PERSON AssiGNED RESPONSIBILITY:
JALEPA
ssuEs: Test Procedure
Componsnts Comparability SOQURCE: 9/23/2010 LETTER

AU
(a)
Summary ASTM Method E2455-08 |s deslgned simllarly to existing USEPA approved methods i,e,,
2002.0 and 1002.0

V(E)- CoMPONENT: Species selaction Souace; 9/23/2010 LETTER

Bummary: Mussels are Inoreasingly belng tested due to thelr sensltivity to pollutants end declining
populations in river habitats.

'V(c':) «| ComponenT; Criterla SouURcE: §/23/2010 LETTER

Summany: Reoent US EFPA publlcation of Natlohal Water Quality Criteria for Ammonia use slrmilar
musael toxicity fest as Justification for the ammonla criteria,

['i*ype 'CGX‘C] | | S S Pge4
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Hame Page » Exacutive Branch » Code of Federal Reaulations » Electionlc Code of Federal Regulations

e-CFR Data Is current as of March 7, 2011 - :

Title 40; Protection of Environment
PART 136—GUIDELINES ESTABLISHING TEST PROCEDURES FOR THE ANALYSIS OF
POLLUTANTS .

Browse Previous | Browse Next

§ 136.5 Approval of alternate test procedures.

(a) The Regional Administrator of the region in which the discharge will occur has final responsibility for
approval of any alternate test procedure proposed by the responsible person or firm making the
discharge.

{b) Within thirty days of recelpt of an application, the Director will forward such application proposed by
the responsible person or firm making the discharge, together with his recommendations, to the
Reglonal Administrator. Where the Director recommends rejection of the application for sclentlfic and
technical reasons which he provides, the Regional Administrator shall deny the applicatlon and shall
forward this declsion fo the Director of the State Permit Program and to the Alternate Test Procedure
Program Goordinator, Office of Science and Technology (4303}, Office of Water, U.S. Environmental
Protection Agency, 1200 Pennsylvanla Ave,, NW., Washington, DC 20460,

{c) Before approving any application for an alternate test procedure proposed by the responsible person
or firm making the discharge, the Regional Administrator shall forward a copy of the application to the
Aiternate Test Procedure Program Coordinator, Office of Science and Technology {4303), Ofiice of
Water, U.S. Environmental Protection Agency, 1200 Pennsylvania Ave., NW., Washington, DC 20480,

(d) Within ninety days of receipt by the Regional Administrator of an application for an alternate test
procedure, proposed by the responsible person or firm making the discharge, the Regional Administrator
shall notify the applicant and the appropriate State agency of approval or rejection, or shall specify the
additional information which is required to determine whether to approve the proposed test procedure.
Prior to the expiration of such ninsty day period, a recommendation providing the sclenfific and other
technical basis for acceptance or rejection wil! be forwarded to the Regional Administrator by the
Alternate Test Procedure Program Coordinator, Washington, DC. A copy of all approval and rejection -
notifications will be forwarded to the Alternate Test Procedure Program Coordinator, Office of Science
and Technology (4303), Office of Water, U.S. Environmental Protection Agency, 1200 Pennsylvania
Ave., NW., Washington, DC 20480, for the purposes of national coordination.

(e) Approval for nationwide use. (1) As expeditiously as is practicable after receipt by the Alternate Test
Procedure Program Coordinator, Washington, DG, of an application for an alternate test procedure for
natlonwide use, the Alternate Test Procedure Program Coordinator, Washington, DG, shall notify the
appiicant in writing whether the appllcation is complete. if the application Is incomnplete, the applicant
shall be informed of the information neceseary to make the application complete,

(2) As expeditiously as is practicable after receipt of a complete package, the Altemate Test Procedure

" Program Goordinator shall perform any analysis necessary to determine whether the alternate test
procedure satisfies the applicable requirements of this part, and the Alternate Test Procedure Program
Coordinator shall recommend to the Administrator that he/she approve or reject the application and shall
also notify the application of the recommendation.

(3) As expeditiously as practicable, an alternate method determined by the Administrator to satisfy the
applicable requirements of this part shall be proposed by EPA for incorporation in subsection 136.3 of 40
CFR part 136. EPA shall make available for revlew all the factual bases for its proposal, including any
performance data submitted by the applicant and any available EPA analysis of those data.

http://ectr, gpoaccess.gov/cgi/t/text/text-idxPo=ccfr&sid=18b91cb04d652514b87a71dbas 1 736 & ran=divs...
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(4) Foliowing a period of public comment, EPA shall, as expeditiously as practicable, publish In
theFederal Registera final decislon to approve or reject the alternate method.

[38 FR 28760, Oct. 16, 1973, as amended at 41 FR 52785, Dec. 1, 1976; 55 FR 33440, Aug. 15, 1990;
62 FR 30763, June 5, 1997; 72 FR 11239, Mar. 12, 2007]

Browse Previgus | Browss Next

For questions or comments regarding e-CFR editorlal content, features, of design, emall gefr@nara.gov.

For questlons consarning e-CFR programmifig and delivery lssues, emall webtearn@ann qov.
Segtion 508 / Accassibility

http://ecfr.gpoaccess.gov/egi/tiext/text-idx7c=ecfr&sid=18b91cb04d6£52514b8{7a71dbad 173 6&fgn=div8 . 3/9/2011
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CGPIMU Designation: E 2455 ~ 06
i’

INTERNATIONAL

Standard Guide for

Conducting Laboratory Toxicity Tests with Freshwater

Mussels!

This standard is issued under ihe fixed desiguation E 2455; the number immedintely following the designation indicates the year of
eriginal ndoplien or, in the case of revision, the year of Iast revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon () indicates an editorial change since the Inst revision or reapproval.

1. Scope

1.1 This standard guide describes methods for conducting
laboratory toxicity tests with early life stages of freshwater
mussels including glochidia and juvenile mussels in water-only
exposures {Annex Al). Future revisions to this standard may
describe methods for conducting toxicity tests with (/) adult
freshwater mussels and (2} contaminated sediments vsing
various life stages of freshwater mussels.

1.2 Many factors are cited as potentially contributing to the
decline of freshwater mussel populations in North America. Of
the nearly 300 taxa of freshwater mussels in North America, 70
species (23 %) are listed as endangered or threatened and
another 40 species (14 %) are candidates for possible listing
(Williams et al 1993 (1); Neves 1997, 2004 (2, 3)).2 Habitat
alterution, introduction of exotic species, over-utilization, dis-
ease, predation and pollution are considercd causal or contrib-
uting factors in many areas of the United States (Neves et al
1997) (4). Over the past decade, there have been over 75
published studies conductcd that have evaluated the role of
contaminants in the decline of populations of freshwater
mussels (Kernaghan et al 2005) (5). In these studies, early life
stages of mussels of several specics are highly sensitive to
some metals and ammonia in water exposures when compared
to many of the most sensitive species of other invertebrates,
fish, or amphibians that are commonly used to establish U.S,
Environmental Protection Agency Watcr Quality Criteria
(WQC; Augspurger et al 2003 (6), Keller et al 2005 (7),
Kernaghan et al 2005 (5); USGS (2005a,b) (8, 9) section 1.5).
Importantly, results of these previous studies indicate WQC for
individual chemicals establishced for the protection of aguatic
organisms may not be adequately proteetive of sensitive stages
of freshwater mussels.

1.3 Summary of Life History of Freshwater Mussels

1.3.1 Freshwater mussels are bivalve mollusks belonging to
the family Unionidae or Margaritiferidae (scction 10.1). Adults

L This guide is under the jurlsdiction of ASTM Comunittce E47 on Biologicul
Effects and Environmental Fate and is the direct responsibility of Subcommiltee
E47.03 on Sediment Assessment and Toxlcology.

Current cdilion approved April 1, 2006 Published May 2006. Origivally
approved in 2005. Last previous edition approved in 2005 as & 2455-05.

2 The bokdface numbers in parcntheses refer to the list of references at the end of
this standard.

are sedentary animals, spending their entire lives partially or
completely burrowed in the boftoms of streams, rivers, or
lakes. Adult mussels are filter feeders, using their gills to
remove suspended particles from the water column. The
microscopic, juvenile stage uses foot (pedal) feeding to some
degree for the first several months of their lives, feeding on
depositional materials in pore water of sediment, including
bacteria, algae, and detritus. Freshwater mussels have an
unusual and complex mode of reproduction, which includes a
brief, obligatory parasitic stage on fish or other host organisis
called glochidia (Fig. 1).

1.3.2 The successful transfer of mature glochidia to a
suitable host constitutes a critical event in the life cycle of most
freshwater mussels. Once the glochidia are released from the
female, the glochidia need to attach to the gills or the fins of an
appropriate fish host and encyst to complete development.
Although glochidia may survive for months during brooding in
the female mussel, glochidia typically survive for only a few
days after release unless the glochidia reach a compatible host.
Encystment on the host occurs by overgrowth of host tissue.
Metamorphosis of juvenile mussels on the fish host occurs
within days or weeks, depending on species and temperature.
Host fish specificity varies among mussels. While some mussel
species appear to require a single host organism, other species
can transform their glochidia into juvenile mussels on several
species of host fish. Following proper host infestation,
glochidia transform into microscopic juvcniles and excyst
{drop off) and settle into suitable habitat to survive. The
transformation of glochidia to juveniles resulis in the develop-
ment of intcrnal organs necessary for self-sustained existence
as a benthic organism.

1.3.3 Newly-transformed juvenile mussels have a life style
different from adult mussels. Transformed juvenile mussels
may be at the scdiment-water interface or may burrow several
centimeters into sediment and rely on water percolating be-
tween substrate particles of sediment for food and oxygen.
Newly-transformed juvenile mussels feed using ciliary currents
on the foot and mantle, Older juvenile and adult musscls likely
use different food types when living in different microenviron-
ments. Given that glochidia and juvenile mussels are ecologi-
cally and physiologically different from adult mussels, protec-
tion of habitat quality of adult life stages may not be protective

Copyrighl @ ASTM Intemalional, 100 Barr Harbor Drive, PO Box G700, Wesl Conshohocken, PA 18428-2950, Unlted Stales.
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of glochidia or juvenile life stages of freshwater mussels.
Distributions of adult mussels are dependent both on the
presence of host fish and on microhabitat conditions. Efforts to
assess effects of contaminants on mussels need to evaluate
potential exposure to host fish in addition to exposure to each
unique life stage of freshwater mussels.

1.4 Summary of Toxicity Testing Conditions:

14.1 Section 4 provides a summary of conditions for
conducting toxicity tests with glochidia and juvenile mussels,
Annex Al provides guidance for conducting water-only toxic-
ity tests with glochidia and juvenile mussels, Recommended
test conditions for conducting these toxicity tests are based on
various published methods outlined in Table Al.l1 and Table
Al4 in Annex AT and are based on the conditions used to
conduct an inter-laboratory toxicity test with glochidia and
juvenile mussels (section 16.5), Glochidia and juvenile mussels
are only available on a seasonal basis. Section 10 describes
procedures for collecting adult female mussels from the field to
obtain glochidia for conducting toxicity tests or for obtaining
glochidia to propagate juvenile mussels using a host organism,

1.4.2 In the field, mussels may be exposed to contaminants
in water, sediment, or food. This standard only addresses
eftects associated with exposure of mussels to contaminants in
water.

1.4.3 Guide E 724 describes procedures for conducting
acute 48-h toxicity tests with embryos or larvae of saltwater
bivalve mollusks, Endpoints measured in Guide E 724 include
survival or shell deposition, Procedures outlined in Guide
E 724 may be useful in helping to design studies {or conduct-
ing toxicity tests with freshwater mussels as outlined in Annex
Al

1.4.4 Results of tests, even those with the same species,
using procedures different from those described in Annex Al
may not be comparable, Comparison of results obtained using
modified versions of these procedures might provide useful
information concerning new concepts and procedures for
conducting toxicity tests with aquatic organisms, If tests are
conducted with procedures difterent from those described in
this standard, udditional tests are required to determine com-
parability of results. General procedures described in this
standard might be useful for conducting tests with other aquatic
organisms; however, modifications may be necessary.

1.5 Swmmary of Results of Toxicity Tests Conducted with
Freshwater Mussels:

1.5.1 Keller et al (2005) (7) summarized results of acute
laboratory toxicity tests conducted with glochidia and juvenile
mussels described in 16 published studies, Freshwater mussels
tended to be less sensitive in exposures to some pesticides and
other organic compounds compared to other commonly-tested
aquatic organisms. In contrast, Keller et al (2005) (7) con-
cluded that U.S. Environmental Protection Agency (USEPA)
water quality criteria (WQC) for some metals and ammonia
may not be protective of freshwater mussels,

1.5.2 Augspurger et al (2003} (6) evuluated ammonia tox-
icity data generated for glochidia and juvenile of freshwater
mussels in laboratory toxicity tests. Specifically, these toxicity
data were used to estimate concentrations that would not likely
be harmful to mussels in acute and chronic exposures and were

used to evaluate the protectiveness of the WQC for ammonia.
Results of acute toxicity tests (24 to 96 h) for 10 species in 8
genera were used to calculate genus mean acute values
(GMAVs) ranging from 2,56 to 8.97 mg/L (total ammonia as N
at pH 8 at 25°C). The freshwater mussels are at the sensitive
end of the range when added to the GMAVs from the database
used to derive the acute WQC for ammonia. Recalculation of
the criteria maximum concentration (CMC) including these
mussel data resulted in & CMC 75 % lower than the CMC of
5.62 mg/L total ammonia as N at pH 8 at 25°C (for application
when salmonids absent). No chronic ammonia toxicity data
(for example, 21 to 28-d exposures} were available for fresh-
water mussels; however, when a range of acute to chronic
ratios were used to estimate a criteria continuous concentration
(CCC), the estimated CCC for mussels was 20 to 75 % less
than the CCC of 1.24 mg/L total ammonia as N at pH 8 and
25°C. Hence, Augspurger et al (2003} (6) concluded that the
acute and chronic WQC for ammonia may not be protective of
freshwater mussels.

1.5.3 Milam et al (2005) (10) conducted a series of 24-h
acute toxicity tcsts with glochidia of six freshwater mussel
species, Leptodea fragilis, Utterbackia imbecillis, Lampsilis
cardium, Lampsilis siliquoidea, Megalonaias nervosa, and
Ligumia subrostrata, and with two commonly-tested organ-
isms, Ceriodaphnia dubia and Daphnia magna, Chemicals
selected for testing (carbaryl, copper, 4-nonylphenol, pen-
tachlorophenol, permethrin, and 2,4-dichlorophenoxyacetic
acid [2,4-D]) represented different chemical classes and differ-
ent toxie modes of action (Dwycr et al 2005a,b} (11, 12), No
single chemical elieited consistently high or low toxicity;
however, carbaryl and 2,4-D were generally the least toxic to
the species tested, Milam et al (2005) (10) concluded that the
toxicity data generated with C. dubia and D. magna were
relatively protective of the range of sensitivities exhibited by
glochidia of the mussels species tested. However, toxicity data
generated with the commonly-tested . imbecillis were not
always protective of the range of sensitivities exhibited by the
other mussel speeies tested.

1.6 This standard is arranged as follows:

Sectlon

Scope 1
Referenced Documents 2
Terminology 3
Summary of Gulde 4
Slgnificance and Use 5
Apparatus 6
Hazards 7
Dllufion Water 8
Tast Material 9
Test Crpanlsms 10
Quality Assurance and Quality Gontrol 1
Experimental Doslgn 12
Analytical Melhodology 13
Calculalion of Results 14
Report 15
Preclsion and Blas 16
Keywords 17
Guldance for Conducting Water-only Texicity Tosls Annex A1

with Early Llfe Stages ef Freshwater Mussels
References

1.7 The values stated in Sl units are to be regarded as the
standard, The values given in parentheses are for information
only.
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Fish host

b Sy
Juveniles

FIG. 1 Life Cycle of a Freshwater Mussel (Chris Barnhéft, Missourl State University, Springfield, MO}

1.8 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It Is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and deterinine the applica-
bility of regulatory limitations prior to use. Specific hazard
statements are given in Section 7.

2. Referenced Documents

2.1 ASTM Standards: *

D 4447 Guide for Disposal of Laboratory Chemicals and
Samples

E 177 Practice for Use of the Terms Precision and Bias in
ASTM Test Methods

E 691 Practice for Conducting an Interlaboratory Study to
Determine the Precision of a Test Method

E 724 Guide for Conducting Static Acute Toxicity Tests
Starting with Embryos of Four Species of Saltwatcr
Bivalve Molluscs

E 729 Guide for Conducting Acute Toxicity Tests on Test
Materials with Fishes, Macroinvertebrates, und Amphib-
ians

E 943 Terminology Relating to Biological Effects and En-
vironmental Fate

E 1023 Guide for Assessing the Hazard of a Material to
Aquatic Organisms and Their Uses

E 1241 Guide for Conducting Early Life-Stage Toxicity
Tests with Fishes

E 1367 Test Method for Measuring the Toxicity of
Sediment-Associated Contaminants with Estuarine and
Marine Invertebrates

E 1391 Guide for Cellection, Storage, Characterization, and
Manipulation of Sediments for Toxicological Testing and

* For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Custommer Service at service@astm.org, For Ammeal Book of ASTM
Standards volumc information, refer to the standard’s Document Sumimary page on
the ASTM website,

for Selection of Samplers Used to Collect Benthic Inver-
tebrates

E 1706 Test Method for Measuring the Toxicity of
Sediment-Associated Contaminants with Freshwater Inver-
tebrates

E 1847 Practice for Statistical Analysis of Toxicity Tests
Conducted Under ASTM Guidelines

E 1850 Guide for Selection of Resident Species as Test
Organisms for Aquatic and Sediment Toxicity Tests

IEEE/ASTM SI 10 Standard for Use of the International
System of Units {SI) (the Modernized Metric System)

3. Terminology

3.1 The words “must,” “should,” “may,” “can,” and “might”
have very specific meanings in this standard. “Must” is used to
express an absolute requirement, that is, to state that a test
ought to be designed to satisfy the specified conditions, unless
the purpose of the test requires a different design. “Must™ is
used only in connection with the factors that relate directly to
the aeceptability of a test. “Should” is used to state that the
specified condition is recommended and ought to be met if
possible, Although the violation of one “should” is rarely a
serious matter, violation of several will often render the resulis
questionable. Terms such as “is desirable,” “is often desirable,”
and “might be desirable” are used in connection with less
important factors, “May” is used to mean “is (are) allowed to,”
“can” is used to mean “is (are) able to,” and “might” is used to
mean “could possibly.” Thus, the classic distinction between
“may” and *can” is preserved, and “might” is never used as a
synonym for either “may” or “can.”

3.2 Definitions—For definitions of ofher terms used in this
standard, refer to Guides E 729 and E 1241 and Terminology
E943 and D 1129, For an explanation of units and symbols,
refer to Practice E 380. A listing of the common and scientific
names of freshwater mussels in North America can be found in
AFS (1998) (13).

3.3 Definitions of Terms Specific to This Standard:
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3.3.1 acute test—a comparative study in which organisms,
that are subjected to different treatments, are observed for a
short period usually not constituting a substantial portion of
their life span (for example, 24- to 96-h exposures).

3.3.2 chronic test—a comparative study in which organism,
that are subjected to different treatments, are observed for a
long period or a substantial portion of their life span (for
example, 21- to 28-d exposures). There is no test duration that
represents a distinct boundary between acute and chronic test
durations for any species. Althovgh acute or chronic test
procedures may specify standard duration(s), these durations
have not been intended to define an acute:chronic boundary.
Acute tests often utilize mortality as the only measure of effect;
chronic tests usually include additional measures of effect such
as growth or reproduction.,

3.3.3 EC50—a statistically or graphically estimated concen-
tration that is expected to cause one or more specified effects in
50 % of a group of organisms under specified conditions,

3.3.4 IC50—a point estimate of the toxicant concentration
that would cause a 50 % reduction in a non-quantal measure-
ment such as fecundity or growth.

3.3.5 LC50—a statistically or graphically estimated concen-
tration that is expected to be lethal to 50 % of a group of
organisms under specified conditions.

3.3.6 lowest-observed-effect concentration (LOEC)—in a
toxicity test, the tested concentration of one or more chemicals
immediately above the highest tested concentration that did ot
result in a statistically significant change in the particular
toxicological variable compared to that value in the control.

3.3.7 no-observed-effect concentration (NOEC)—in a tox-
icity test, the test concentration of one or niore chemicals
immecdiately below the lowest tested concentration that re-
sulted in a statistically significant change in a particolar
toxicological variable compared to the control.

3.3.8 reconstituted water—a dilution water that is prepared
by adding appropriate amounts of selected chemicals to water,
which is usually prepared using deionization or reverse osmo-
sis, 5o that the concentrations and ratios of the major ions in the
dilution water are similar to those in comparable natural
surface waters.

3.3.9 surrogate species—a species that is tested to estimate
responses of another species, for which direct testing is
impractical.

3.3.10 toxicity test—an cxperiment nsed to study the ad-
verse effect(s) of one or more chemicals on whole organisms,
tissues, or cells.

3.3.11 Unionoidea—the super family of freshwater bivalves
that includes the North American families Unionidae and
Margaritiferidac. The family Unionidae includes three sub-
families (Unioninae, Anodontinae, and Lampsliniae).

3.3.12 unionoid—any mussel species in the super family
Unionoidea,

3.3.13 unionid—any mussel species in the family Union-
idae,

3.3.14 margaritiferid—any mussel spccies in the family
Margaritiferidae.

3.3.15 bradytictic—a mussel species spawning its gametes
in late summer and the female broods the glochidia over winter
for release the following spring (also called long-term brood-
ers).

3.3.16 tachytictic—a mussel species spawning its gametes
in spring and the female releases the glochidia in late spring or
summer of that year (also called short-term brooders).

3.3.17 glochidia—bivalve larvae of unionid mussels which
are generally parasitic on the gills of fish,

3.3.18 marsupium—a brood pouch for developing eggs and
glochidia in unionid mussels, formed by a restricted portion of
the outer gill, the complete outer gill, or all gills.

4. Summary of Guide

4.1 Amnex Al provides guidance for conducting water-only
toxicity tests with glochidia and juvenile muossels. Recom-
mended test conditions for conducting these toxicity tests are
based on various published methods outlined in Table Al.1 and
Table Al.4 in Annex Al and are based on the conditions used
to conduct an inter-laboratory toxicity test with glochidia and
Jjuvenile mussels (section 16.5). Glochidia and juvenile mussels
are only available for a limited time on a seasonal basis.
Section 10 describes procedures for collecting adult female
musscls from the field to obtain glochidia for conducting
toxicity tests or for obtaining glochidia to propagate juvenile
mussels using a host organisim,

4,1.1 Toxicity tests with glochidia and juvenile mussels
should be conducted at 20°C with a 16L:8D photoperiod at an
illuminance of about 100 to 1000 lux. Toxicity tests with
glochidia are typically started within 2 h after glochidia are
isolated from the gills of the female mussels; however, some
toxicity tests have been started with glochidia isolated from
female mussels for about 24 h before the start of a test. The
endpoint measured in toxicity tests with glochidia is survival
{viability) as determined by the response of organisms to the
addition of a solution of NaCl. Glochidia that close their valves
with the addition of a salt solution are classified as alive
{viable) in a toxicity test. For most species, the duration of a
toxicity test conducted with glochidia should be up to 24 h with
survival measured at 6 and 24 h. Control survival is typically
>90 % at the end of 24-h toxicity tests conducted with
glochidia, Longer duration toxicity tests with glochidia (for
example, 48 h) can be conducted as long as control survival
>90 % is achieved. For example, toxicity tests conducted for
48 h with glochidia might be used for species for which
Jjuvenile mussels are not readily available for testing or for
species with a life history where glochidia are released into the
water column and remain viable for days before attaching to a
host (in contrast to species that release glochidia in mucus
strands or in conglutinates).Effect concentrations are typically
calculated based on the percentage of viable glochidia in the
control at a particular sampling time. Glochidia are not fed
during the toxicity test. Snrvival can be determined throughout
the toxicity test by subsampling cach replicate.

4.1.2 Toxicity tests with juvenile mussels are typically
started with organisms <5 d after release from the host;
however, some toxicity tests have been started with 2- to
4-month-old juvenile mussels. Acute toxicity tests with juve-
nile mussels are typically conducted for 96 h with survival
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measured at 48 and 96 h. Chronic toxicity tests started with 2-
to 4-month-old juvenile mussels have been conducted for 21 to
28 d with measures of survival (based on movement of the
foot) and growth (based on shell length). Control survival is
typically >90 % at the end of 96-h toxicity tests conducted with
juvenile mussels and is typically >80 % at the end of toxicity
tests conducted for 10 to 28 d with juvenile mussels, Juvenile
mussels are not typically fed during toxicity tests conducted for
up to 10 d. Algae have been used as a food source in toxicity
tests conducted for 10 to 28 .

5. Signilicance and Use

5.1 Protection of a species requires prevention of unaccept-
able effects on the number, weight, health, and uses of the
individuals of that species. Toxicity tests can be used provide
information about the toxicity of a test material to a specific life
stage of a particular species of mussel, The primary adverse
effects studied are reduced survival or growth.

5.2 Results of toxicity tests might be used to predict effects
likely to occur on mussels in ficld situations as a result of an
exposure under comparable conditions.

5.3 Results of toxicity tests might be used to compare the
sensitivities of different mmussel species and the toxicity of
different test materials, and to study the effects of various
environmental factors on results of such tests.

5.4 Results of toxicity tests conducted with mussels might
be an important consideration when assessing the risks of test
materials to aquatic organisms or when deriving USEPA Water
Quality Criteria for aquatic organisms (Guide E 1241),

5.5 Results of acute toxicity tests (for example, 24- to 96-h
tests) might be useful for predicting the results of chronic tests
on the same test material with the same species in another
water or with another species in the same or a different water,
Most predictions take into account the results of acute toxicity
tests, and so the usefulness of the results of a chronic toxicity
test is greatly increased by reporting also the results of an acute
toxicity test conducted with a similar life stage of the same
species under the same conditions (Guide E 729).

5.6 Results of toxicity tests might be useful for studying the
biological availability of, and structure-activity relationships
between, test materials,

5.7 Results of toxicity tests will depend on temperature,
composition of the dilution water, condition of the test organ-
isms, and other factors.

5.8 Interferences—A number of factors can impede or
prevent selection and use of freshwater mussels for toxicity
testing (Guide E 1850). The following should be considered
when selecting a test species and measuring the sensitivity of
the test species during toxicity tests.

5.8.1 Handling of field-collected adult mussels resulting
from collection or transport to the laboratory might cause
excessive mortality or sublethal effects.

5.8.2 The age, health, and physical condition of adult
mussels (for example, the presence of parasites, bacteria, and
disease) collected from a resident population might not be
adequately known.

5.8,3 The physical eharacteristics of the testing environment
(such as water quality, temperature, water flow, light) and food
requirements might affect the ability of the test organisms to

acclimate, recover from handling, or adapt to the laboratory
environment conditions,

5.84 The degree of eontamination and the history of con-
tamination at the collection of the adult mussels might not be
adequately known.

5.8.5 In the field, mussels may be exposed to contaminants
in water, sediment, or food. This standard only addresses
effects agsociated with exposure of mussels to contaminants in
water. Future revisions to this standard may describe methods
for conducting toxicity tests with (f} adult frcshwater mussels
and (2) contaminated sediments vsing various life stages of
freshwater mussels.

5.8.6 There are insufficient data available to determine if
juvenile mussels are able to avoid exposure to chemicals by
valve closure. If it is suspected that juvenile mussels are
avoiding exposure to a chemical in a toxicity test, it may be
desirable to place the suspected live test organisms inte
dilution water that does not contain any added test material for
1 to 2 d after the end of the toxicity test to determine whether
these test organisms are alive or dead (section A1.4.7; Guide
E 729).

6. Apparatns

6.1 Facilities—Although some small organisms can be held
and acclimated in static or renewal (for example, static
renewal) systems, most organisms are held, acclimated, and
cultured in flow-through systems. Test chambers should be in
a constant-temperature room, incubator, or recirculating water
bath. For static and renewal tests a dilution-water tank, which
may be used to prepare reconstituted water, is often elevated so
that dilution water can be delivered by gravity into holding and
acclimation tanks and test chambers. For flow-through tests an
elevated head box is often desirable so that dilution water can
be delivered by gravity into holding and acclimation tanks and
into the metering system (6.4), which prepares the test solu-
tions and delivers them to the test chambers. Strainers and air
traps should be included in the water-supply system. Head
boxes and holding, acclimation, culture, and dilution-water
tanks should be equipped for temperature control and aeration,
Air vsed for aeration should be free of fumes, oil, and water;
filters to remove oil and waler are desirable. Filtration of air
through a 0.22-um bacterial filter might be desirable (Guide
E 729). The facility should be well-ventilated and free of
fumes. To further reduce the possibility of contamination by
test materials and other substances, especially volatile ones,
holding, acclimation, and culture tanks should not be in a room
in which toxicity tests are conducted, stock solutions or test
solutions are prepared, or equipment is cleaned. A timing
device should be used to provide a controlled photoperiod. A
15 to 30-min transition period when the lights go on might be
desirable to reduce the possibility of organisms being stressed
by large, sudden increases in light intensity, A transition period
when the lights go off might also be desirable (Guide E 729).

6.2 Special Reguirements—Some organisms may require
special conditions during holding, acclimation, and testing, For
example, adult mussels should be provided a substrate suitable
for burrowing.

0.3 Construction Materials—Equipment and facilities that
contact stock solutions, tcst solutions, or any water into which
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test organisms will be placed should not contain substanees
that ean be leaehed or dissolved by aqueous solutions in
amounts that adversely affeet test organisms, In addition,
equipment and facilities that contaet stock solufions or test
solutions should be ehosen to minimize sorption of test
materials from water. Glass, Type 316 stainless steel, nylon,
and fluorocarbon plastics should be used whenever possible to
minimize dissolution or leaching, Concrete and rigid plastics
may be used for holding, acclimation, and culture tanks in the
water-supply system, but these materials should be soaked,
preferably in flowing dilution water, for a week or more before
use (Guide E 729). Cast iron pipe should not be used for
water-supply systems becauvse colloidal iron may be added to
the dilution water, and strainers will be needed to remove rust
particles, Brass, copper, lead, galvanized metal, and natural
rubber should not contact dilution water, stock solutions, or test
solutions before or during the test. Items made of neoprene
rubber or other materials not previously mentioned should not
be used unless it has been shown that either (/) unfed
individuals of a sensitive aquatic species (for example, Daph-
nia magna) do not show more signs of stress, unusual behavior,
or death, when held for at least 48 h in static dilution water in
which the item is soaking than when held in static dilution
water that does not eontain the item or (2) their vse will not
adversely affeet survival, growth, or reproduction of a sensitive
species (Section 8 and Guide E 729).
0.4 Metering System:

6.4.1 For flow-through tests, the metering system should be
designed to accommodate the type and concentration(s) of the
test material and the necessary flow rates of test solutions, The
system should permit the mixing of test material with dilution
water immediately before entrance to the test chambers and
permit the supply of the selected concentration(s) of test
material (section 9.3) in a reproducible fashion. Various me-
tering systems, using different combinations of such as sy-
ringes, siphons, pumps, saturators, solenoids, valves have been
used successfully to control the concentrations of test material
in, and the flow rates of, test solutions, Proportional diluters
use an intermittent flow design and various devices for
metering the test material. Continuous-flow metering systems
are also available, as are systems that prepare the different test
solutions independently of eaeh other. See Guide E 729,
E 1241 and Test Method E 1706 for additional detail on
metering systems.

6.4.2 The metering system should be calibrated before and
after the test by determining the flow rate through each test
ehamber and by measuring either the concentration of test
material in each test chamber or the volume of solution used in
each portion of the metering system. The general operation of
the metering system should be visually checked daily in the
moming and afternoon throughout the test. The metering
system should be adjusted during the test if necessary, Tt is
usually desirable to construct the metering system so that it can
provide at least ten-volume additions per 24 h, if desired, in
case (1} the loading is high or (2) there is rapid loss of test
material due to tnicrobial degradation, hydrolysis, oxidation,
photolysis, reduction, sorption, or volatilization. At uny par-

ticular time during the test, the fiow rates through any two test
chambers should not differ by more than 10 %,

6.4.3 The frequency of water addition to the eaeh test
chamber should be based on the duration of the exposure and
on the stability of the exposure concentrations (for example,
based on degradation, hydrolysis, oxidation, photolysis, reduc-
tion, sorption, or volatilization). Ideally, preliminary tests
should be conducted to determine how frequently water should
be added to maintain water quality and exposure concentra-
tions of the test material. For exainple, in 96-h exposures with
ammonia and juvenile mussels, water was renewed every two
days to maintain relatively consistent exposure concentrations
{USGS 2005a (8)). In 28-d exposures starting with 2-month-
old juvenile mussels, about 4 volume additions/d were deliv-
ered to each test ehamber in copper and ammonia toxicity tests
(USGS 2005b (9)).

6.4.4 Speciation of some metals (for example, lead or
eopper) and perhaps other test materials is not instantanecus
and may change over a period of time (perhaps hours or days),
even in test solutions that do not contain test organisms.
Water-renewal systems have been designed with “‘equilibration
chambers™ that provide a residence time for test solution before
the test solution is delivered to the exposure chambers (Kim et
al. 1999, Besser et al. 2005(14, 15)).

6.5 Test Chambers:

6.5.1 TIn a toxicity test with aquatie organisms, test chambers
are defined as the smallest physical units between which no
water connections exist. However, screens, cups may be used
o create two or more compartments within eaeh chamber.
Therefore, the test solution can flow from one compartment to
another within a test chamber, but, by definition, cannot flow
from one chamber to another. Because the solution can flow
from one compartment to another in the same test chamber, the
temperature, concentration of test material, and levels of
pathogens and extraneous contaminants are likely to be more
similur between compartments in the same test chamber than
between compartments in different test chambers in the same
treatment. All chambers (and compartments) in a test must be
identical.

6.5.2 Test chambers may be constructed by welding, but not
soldering, stainless steel or by gluing double-strength or
stronger window glass with clear silicone adhesive. Stoppers
and silicone adhesive sorb some organic chemicals, which are
then difficult to remove. Therefore, as few stoppers and as little
adhesive as possible should be in contact with test solution. If
extra beads of adhesive are needed for strength, the extra
adhesive should be on the outside of chambers rather than on
the inside. Especially in static and renewal tests, the size and
shape of the test chamber might affect the results of tests on
materials that volatilize or sorb onto the chambers in substan-
tial quantities.

6.5,3 The dimensions of test chambers and volume of water
to test depends on the age and number of the organisms being
tested (Annex Al).

6.6 Cleaning—The metering system, test chambers, and
equipment used to prepare and store dilution water, stock
solutions, and test solutions should be cleaned before use. New
items should be washed with detergent and rinsed with water,
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a water-miscible organic selvent, water, acid (such as 10 %
concentrated hydrochloric acid (HCD)), and rinsed at least twice
with deionized or dilution water. Reagent grade solvents are
recommended. If lesser grades are used, possible contaminants
should be considered with respect to the purpose of the test
{some lots of some organic solvents might leave a film that is
insoluble in water). A dichromate-sulfuric acid cleaning solu-
tion may be used in place of both the organic solvent and the
acid, but it might attack silicone adhesive. At the end of the
test, all items that are to be used again should be immediately
{1) emptied, {2) rinsed with water, (3) cleaned by a procedure
appropriate for removing the test material (for example, acid to
remove metals and bases, detergent, organic solvent, or acti-
vated carbon to remove organic chemicals), and (4) rinsed at
least twice with deionized or dilution water, Acid can be used
to remove mineral deposits, and 200 mg of hypochlorite
(CIOYL can be used to remove organic matter and for
disinfection. A solution containing about 200 mg of CIO/L
may be prepared by adding 6 mL of liquid household chlorine
bleach to 1 L of water. However, ClO" is quite toxic to many
aquatic animals and is difficult to remove from some construc-
tion materials. Tt can be removed by soaking in a sodium
thiosulfate, sodium sulfite, or sodium bisulfite solution, by
autoclaving in deionized water for 20 min, or by drying the
item and letting it sit for at least 24 h before use. An item
cleaned or disinfected with hypochlorite should not be used
unless it has been demonstrated at least once that unfed
individuals of a sensitive aquatic species do not show more
signs of stress, such as discoloration, unusual behavior, or
death, when held for at least 48 h in static dilution water in
which the item is soaking than when held in static dilution
water containing a similar item that was not treated with
ClO (Guide E 729). The metering system and test chambers
should be rinsed with dilution water just before use.

6.7 Acceptability—Before a toxicity test is conducted in
new test facilities, it is desirable to conduct a “non-toxicant™
test, in which all test chambers contain dilution water without
added test material. Determine before the first test: (a) whether
test organisms will meet test acceptability requirements out-
lined in Annex Al, (&) whether the food, water, or handling
procedures are acceptable, (c) whether there are any location
effects on either survival or growth of organisms, and (d) the
magnitudes of the within-chamber and between-chamber vari-
ances.

7. Hazards

7.1 General Precautions:

7.1.1 Development and maintenance of an effective health
and safety program in the laboratory requires an ongoing
commitment by laboratory management and includes: (/) the
appointment of a laboratory health and safety officer with the
responsibility and authority to develop and maintain a safety
program, (2) the preparation of a formal, written health and
safety plan, which is provided to each laboratory statt member,
{3) an ongoing training program on laboratory safety, and (4)
regular safety inspections.

7.1.2 Many materials can affect humans adversely if pre-
cautions are inadequate. Therefore, skin contact with all test
materials and solutions of them should be minimized by such

means as wearing appropriate protective gloves (especially
when washing equipment or putting hands in test solutions),
laboratory coats, aprons, and glasses, and by using dip nets,
forceps, or tubes to remove organisms from test solutions,
Special precautions, such as covering test chambers and
ventilating the area surrounding the chambers, should be taken
when conducting tests on volatile materials. Information on
toxicity to humans, recommended handling procedures, and
biological, chemical, and physical properties of the test mate-
rial should be studied before a test is begun (section Appen-
dixes X2, X3, and X4 in Guide E 1023), Warning—Special
procedures might be necessary with radiolabeled test materials
and with test materials that are, or are suspected of being,
carcinogenic (Guide E 729).

7.1.3 Collection and use of environmental samples (for
example, sediments, effluents) may involve substantial risks to
personal safety and health. Chemicals in field-collected
samples may include carcinogens, mutagens, and other poten-
tially toxic compounds. Inasmuch as testing is often started
before chemical analyses can be completed, worker contact
with field-collected samples needs to be minimized by (1)
using personal safety gear, {2) manipulating samples under a
ventilated hood or in an enclosed glove box, and {3) enclosing
and ventilating the exposure system. Personnel collecting
samples and conducting tests should take all safety precautions
necessary for the prevention of bodily injury and illness which
might result from ingestion or invasion of infections agents,
inhalation or absorption of corrosive or (oxic substances
through skin contact, and asphyxiation becanse of lack of
oxygen or presence of noxious gases.

1.2 Safety Equipment.

7.2.1 Before beginning sample collection or laboratory
work, personnel should determine that all required safety
equipment and materials have been obtained and are in good
condition,

1.2.2 Personal Safety Gear—Personnel should use safety
equipment, such as rubber aprons, laboratory coats, respirators,
gloves, safety glasses, face shields, hard hats, and safety shoes.

1.2.3 Laboratory Safety FEquipment—Laboratories should
be provided with safety equipment such as first-aid kits, fire
extinguishers, fire blankets, emergency showers, and eye wash
stations. Mobile laboratories should be equipped with a tele-
phone to enable personnel to summen help in case of emer-
gency.

1.3 General Laboratory and Field Operations:

7.3.1 Special handling and precantionary guidance in Ma-
terial Safety Data Sheets (MSDS) should be followed for
reagents and other chemicals purchased from supply houses.

7.3.2 It is advisable to wash exposed parts of the body with
bactericidal soap and water immediately after collecting or
manipnlating field-collected samples.

7.3.3 Strong acids and volatile organic solvents should be
used in a fume hood or under an exhaust canopy over the work
area.

7.3.4 Warning—An acidic solution should not be mixed
with a hypochlorite solution because hazardous fumes might be
produced.
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7.3.5 To prepare dilute acid solutions, concentrated acid
should be added to water, not vice versa. Opening a bottle of
concentrated acid and adding concentrated acid to water should
be performed only under a fume hood.

7.3.6 Although disposal of stoek solutions, test solutions,
and test organisms poses no special problems in most cases,
health and safety precautions and applicable regulations should
be considered before beginning a test. Removal or degradation
of test material might be desirable before disposal of stock and
test solutions.

7.3,7 Use of ground-fault systems and leak detectors is
strongly recommended to help prevent elecirical shocks, Elec-
trical equipment or extension cords not bearing the approval of
Underwriter Laboratories should not be used. Ground-fault
interrupters should be installed in all “wet” laboratories where
electrical equipment is used,

7.3.8 All containers should be adeguately labeled to indicate
their contents.

7.3.9 A clcan and well-organized work place contributes to
safety and reliable results,

7.4 Disease Prevention—Personnel handling samples
which are known or suspected to contain buman wastes should
be immunized against hepatitis B, tetanus, typhoid fever, and
polio, Thorough washing of exposed skin with bacterieidal
soap should follow handling of samples collected from the
field.

7.5 Safety Manuals—For further guidance on safe practices
when handling hield-collected samples and conducting toxieity
tests, check with the permittee and consult general industrial
safety manuals (Test Method E 1706).

7.6 Pollution Prevention, Waste Management, and Sample
Disposal—Work with some field-collected samples may re-
quire compliance with rules pertaining to the handling of
hazardous materials. Guidelines for the handling and disposal
of hazardous materials should be strictly followed (Guide
D 4447), The Federal Government has published regulations
for the management of hazardons waste and has given the
States the option of either adopting those regulations or
developing their own, If States develop their own regulations,
these regulations are required to be at least as stringent as the
Federal regulations. As a handler of hazardous materials, it is
your responsibility to know and comply with the pertinent
regulations applicable in the State in which you are operating
(Test Method E 1706).

8. Dilution Water

8.1 Requirements—The dilution water should (a) be avail-
able in adequate supply, (b) be acceptable to the test organisms,
{c) be of uniform quality, and (d) except as stated in 8.1.4, not
unnecessarily affect results of the test. Additional details on
difution water for use in culture or toxicity testing can be found
in Guide E 729,

8.1.1 The minimal requirement for an acceptable dilution
water for toxicity tests is that healthy test organisms survive in
it through acclimation and testing without showing signs of
stress, such as discoloration, unusual behavior, or death. A
better eriterion for an acceptable dilution water is that at least
one species of aquatic animal (preferably of the one being
tested or one taxonomically similar} will snrvive, grow, or

reproduce satisfactorily in the water. Because daphnids are
more sensitive to some test materials than many other aquatic
animal species, water in which daphnids (less than 24-h old)
will survive for 48 h without showing signs of stress is
probably acceptable for toxicity tests with most freshwater
animal species. Water in which daphnids will survive, grow,
and reproduce satisfactorily in a life-cycle test is probably an
acceptable dilution water for tests with most freshwater animal
speetes.

8.1.2 The quality of the dilution water should be uniform so
that the test organisms are cultured or acclimated and the test
conducted in water of the same quality. The range of hardness
should be within 10 % of the average.

8.1.3 The dilution water should not unnecessarily affect the
results of a toxicity test because of sueh things as sorption or
complexation of test material. Except as in accordance with
section 8.1.4, it is desirable for the purpose of reducing
inter-laboratory variability that the concentrations of both total
organie carbon (TOC) and partieulate matter should be less
than 5 mg/L.

8.1.4 If it is desired to study the effect of an environmental
factor such as TOC, particulate matter, or dissolved oxygen on
the results of a toxicity test, it will be necessary Lo use a water
that is naturally or artificially high in TOC or particulate matter
or low in dissolved oxygen. If such a water is used, it is
important that adequate analyses be performed to characterize
the water and that a comparable test be available or be
conducted in a more usnal dilution water to facilitate interpre-
tation of the results in the special water.

8.2 Source:

8.2.1 Reconstituted Water:

8.2.1.1 Tables 1 and 2 in Guide E 729 provide recipes for
preparing a variety of reconstituted waters that have been used
successfully to conduct toxicity tests. Reconstituted water is
prepared by adding specified amounts of reagent grade chemi-
cals to high-quality water with {a) resistivity greater than 1 M{}
water and (b) either total organic carbon (TOC) less than 2
mg/L or chemical oxygen demand (COD) less than 5 mg/L.
Acceptable water can usually be prepared using properly
operated deionization or reverse osmosis units. Conductivity
should be measured on each batch und TOC or COD should be
measured at least twice a year and whenever substantial
changes might be expected. If the water is prepared from
surface water, TOC or COD should be measured on each batch.
The reconstituted watcr should be aerated before use, Problems
have been encountered with some species in reconstituted
waters, but sometimes these problems have been overcome by
aging the reconstituted water for one or more weeks.

8.2.2 Natural Dilution Water:

8.22.1 If natural dilution water is used, it should be
obtained from an uncontaminated, uniform quality source. The
quality of water from a well or spring is usually more uniform
than that of watcr from a surface water. If a surface water is
used as a source of water, the intake should be positioned (for
example, aboul one meter below the surface) to minimize
Auctuations in quality and the possibility of contamination, and
to maximize the concentration of dissolved oxygen to help
ensure that the concentrations of sulfide and iron are not high.
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8.2.2.2 Water quality characteristics (such as hardness, con-
ductivity, pH) may be adjusted, if desired, by addition of
appropriate reagent grade chemicals, acid, base, or dejonized
water if desired (Guide E 729). Chlorinated water should not
be used as, or in the preparation of, dilution water because
residual chlorine and chlorine-produced oxidants are toxic to
many aquatic animals (Guide E 729). Dechlorinated water
should be used only as a last resort because dechlorination is
often incomplete, Sodium bisulfite is probably better for
dechlorinating water than sodium sulfite and both are more
reliable than carbon filters, especially for removing chloram-
ines, Some organic chloramines, however, react slowly with
sodium bisulfite. In addition to residual chlorine, municipal
drinking water often contains high concentrations of copper,
lead, zinc, and fluoride, and quality is often rather variable. The
concentrations of most metals can usually be reduced with a
chelating resin, but use of different dilution water might be
preferable. If dechlorinated water is used as dilution water or in
its preparation, during the test it should be demonstrated that a
sensitive aquatic species (for example, daphnids less than 24-h
old) do not show more signs of stress, such as discoloration,
unusual behavior, or death, when held in the water for at least
48 h without food than when similarly held in a water that was
not chlorinated and dechlorinated).

8.3 Treatment:

8.3.1 Dilution water should be aerated intcnsively by such
means as air stones, surface aerators, or column aerators before
adding test material. Adequate aeration will bring the pH and
the concentrations of dissolved oxygen and other gases into
equilibrivm with air and minimize oxygen demand and con-
centrations of volatiles. The concentration of dissolved oxygen
in dilution water should be between 90 and 100 % of saturation
to help ensure that dissolved oxygen concentrations are accept-
able in test chambers. Super-saturation by dissolved gases,
which might be caused by heating the dilution water, should be
avoided (Guide E 729).

8.3.2 Filtration through bag, sand, sock, or depth-type
cartridge filters may be used to keep the concentration of
particulate matter acceptably low and as a prctreatment before
ultraviolet sterilization or filtration through a finer filter.

8.3.3 Dilution water that might be contaminated with fac-
ultative pathogens may be passcd through a properly main-
tained ultraviolet sterilizer equipped with an intensity meter
and flow controls or passed through a filter with a pore size of
0.45 pm or less (Guide E 729).

8.4 Characterization—The following items should be mea-
sured at least twice each year, or more often {a) if such
measurements have not been made semiannually for at least
two years, or (b) if a surface water is used: pH, particulate
matter, TOC, organo-phosphorus pesticides, organic chlorine
(or organochlorine pesticides plus PCBs), chlorinated phenoxy
herbicides, ammonia, cyanide, sulfide, bromide, fluoride, io-
dide, nitrate, phosphate, sulfate, calcium, magnesium, potas-
sium, aluminum, arsenic, beryllium, boron, cadmium, chro-
mium, cobalt, copper, iron, lead, manganese, mercury,
molybdenum, nickel, selenium, silver, and zinc, hardness,
alkalinity, conductivity, sodium, and chloride. For each ana-
lytical method used the detection limit should be below either

() the concentration in the dilution water or (b) the lowest
concentration that has been shown to unacceptably affect the
test species (Guide E 729).

9, Test Material

9.1 Genera!—The test material should be reagent grade or
better, unless a tcst on a formulation, commercial product, or
technical-grade or use-grade material is spccifically needed
(Guide E 729). Before a test is begun, the following should be
known about the test material: (/) Identities and eoncentrations
of major ingredients and major impurities, for example, impu-
rities constituting more than about I % of the material, (2)
Solubility and stability in the dilution water, (3) Measured or
estimated acute or chronic toxicity to the test species, (4)
Precision and bias of the analytical method at the planned
concentration(s) of the test material, if the test concentrations
are to be measured, (5) Estimate of toxicity to humans, and (6)
Recommended handling procedures (Section 7).

9.2 Stock Solution:

9.2.1 In some cases the test material can be added directly to
the dilution water, but usually it is dissolved in a solvent to
form a stock solution that is then added to the dilution water, If
a stock solution is used, the concentration and stability of the
test material in it should be determined before the beginning of
the test. If the test material is subject to photolysis, the stock
solution should be shielded from light.

0.2.2 Except possibly for tests on hydrolyzable, oxidizable,
and reducible materials, the preferred solvent is dilution water,
although filtration or sterilization, or both, of the water might
be necessary. If the hardness of the dilution water will not be
affected, deionized water may be used. Several techniques have
been specifically developed for preparing aqueous stock solu-
tions of slightly soluble materials (Guide E 729). The mini-
mum necessury amount of a strong acid or base may be used in
the preparation of an aqueous stock solution, but such reagents
might affect the pH of test solutions appreciably. Use of a more
soluble form of the test material, such as chloride or sulfate
salts of organic amines, sodinm or potassium salts of phenols
and organic acids, and chloride or nitrate salts of metals, might
affect the pH more than use of the minimum necessary amount
of a strong acid or base.

9.23 If a solvent other than dilution water is used, its
concentration in test solutions should be kept to a minimum
and should be low enough that it does not affect the test
species. Triethylene glycol is often a good organic solvent for
preparing stock solutions becauge of its low toxicity to aquatic
animals, low volatility, and high ability to dissolve many
organic chemicals (Guide E 729). Other water-miscible organic
solvents such as methanol, ethanol, and acetone may also be
used, but these materials might stimulate undesirable growths
of microorganisms (Guide E 729; Warning—Acetone is also
quite volatile). If an organic solvent is used, it should be
reagent grade or better and its concentration in any test solution
must not cxceed 0.5 mL/L in 96-h tests (Guide E 729) or 0.1
mL/L in longer-term tests (Guide E 1241). A surfactant must
not be used in the preparation of a stock solution because it
might affect the form and toxicity of the test matcrial in the test
solutions (these limitations do not apply to any ingredient in a
mixtore, formulation, or comunercial product unless an extra
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amount of solvent is used in the preparation of the stock
solution or if the test is on a solvent or surfactant).

9.2.4 If a solvent other than dilution water is used, at least
one solvent control using solvent from the same batch nsed to
make the stock solution mnst be included in the test. If no
solvent other than water is used, a dilution-water control must
be included in the test and the survival and growth of test
organisms in the dilution-water control mnst meet test accept-
ability requirements in order for the test to be considered
acceptable (Annex Al). Using no solvent other than dilution
water is the most desirable option becanse nsing any other
solvent means that antagonism, synergism, and confounding
are possible (Guide E 1241). Using different concentrations of
a solvent at the different concentrations of the test material
should be avoided because both the concentration of the
solvent and the concentration of the test material vary across
the treatments, potentially resulting in confounding, Therefore,
it is desirable to test the same concentration of solvent in all of
the test solutions,

9.2.4.1 If the concentration of solvent is the same in all test
solntions that contain test material, the sclvent control must
contain the same concentration of solvent.

9.2.4.2 If the concentration of solvent is not the same in all
test solutions that contain test material, either {¢) a toxicity test
must be conducted to determine whether survival or growth of
the test organisms is related to the concentration of the solvent
over the range used in the toxicity test, or (b) such a toxicity
test must have been conducted on the solvent using the same
dilntion water and test species. If survival or growth are related
to the concentration of solvent, a toxicity test with that species
in that water is upacceptable if any treatment contained a
concentration of solvent in that range. If neither survival nor
growth are related to the concentration of solvent, a toxicity
test with that same species in that same water may contain
solvent concentrations within the tested range, but the solvent
control must contain the highest concentration of solvent
present in any of the other treatments (Guide E 1241).

9.2.4.3 There may be instances when a toxicity test is to be
conducted with a species that is not routinely available for
testing (for example, such as with an endangered species.) In
these instances, the toxicity test nsed to evaluatc potential
effects of a solvent outlined in 9.2.4.2 may be conducted with
species in the same family (preferably the same genus) as long
as the concentrations of solvent are at least double the
concentration of solvent used in the toxicity test on the test
material. Testing at least double the concentration of solvent
used in the toxicity test would provide some margin of safety
in extrapolating results of toxicity tests between species in the
same family, For example, Dwyer et al (2005a,b) (11, 12) and
Besser et al (2005) (16) reported the sensitivity of endangered
species of fish was within a factor of about 2 of commonly-
tested surrogate fish species for a variety of organic and
inorganic chemicals in acute or chronic toxicity tests. Simi-
larly, USEPA (2003) (17) reported similar sensitivity of aquatic
species to a variety of organic or inorganic chemicals in
toxicity tests condncted within a family.

9.2.4.4 If the test contains both a dilution-water control and
a solvent control, the survival and growth of the organisms in
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the two controls should be compared. If a statistically signifi-
cant difference in survival or growth is detected between the
two controls, only the solvent control may be used for meeting
the requirements of ontlined in Table A1.3 or Table A 1.5 and as
the basis for calculation of results. If no statistically significant
difference is detected, the data from both controls should be
pooled for meeting the requirements outlined in Table A1.3 or
Table Al.5 and as the basis for calculation of results.

9.2.5 Tf a solvent other than water is used to prepare a stock
solution, it might be desirable to conduct sumultaneous tests on
the test material using two chemically nnrelated solvents or
two different concentrations of the same solvent to obtain
information concerning possible effects of solvent on the
toxicity of the test material or the sensitivity of the test species.

9.3 Test Concentration(s):

93,1 If the test is intended to allow calculation of an LC50,
EC50, or 1C50, the test concentrations should bracket the
predicted concentration. The prediction might be based on the
results of a test on the same or a similar test material with the
same or a similar species. In acnte toxicity tests, if a nseful
prediction is not available, it is usnally desirable to conduct a
range-finding toxicity test in which groups of five or more
organisms are exposed for 24 to 96 h to a control and three to
five concentrations of the test material that differ by a factor of
ten, Replicate chambers are not typically evaluated in range-
finding toxicity tests, The greater the similarity between the
range-finding test and the definitive test, the more useful the
range-finding test will be. If necessary, concentrations above
solubility should be used becanse organisms in the real world
are sometimes exposed to concentrations above solubility and
becanse solubility in dilution water is often not well known.
The use of concentrations that are more than ten times greater
than solubility are probably not worthwhile, With some test
materials it might be found that concentrations above solnbility
do not kill or affect a greater percentage of test organisms than
does the concentration that is the sotubility limit; such infor-
mation is certainly worth knowing.

9.3.2 In chronic toxicity tests, the test concentrations should
bracket the best prediction of that concentration. Such a
prediction can be based on the results of an acute toxicity test
using the same dilution water, test material, and species (Guide
E 729). If an acnte-chronic ratio has been determined for the
test material with a species of comparable sensitivity, the resnlt
of the acute test can be divided by the acute-chronic ratio.
Except for a few materials, acute-chronic ratios with sensitive
species are often less than five. Thus, if no other useful
information is available, the highest concentration of test
material in an early life-stage test is often selected to be equal
to the lowest concentration that cansed adverse effects in a
comparable acnte test (Guide E 1241),

9.3.3 In some (usually regulatory) situations, it is necessary
only to determine (a) whether a specific concentration of test
material is acutely toxic to the test spccies, or (#) whether the
1.C50, EC50, or IC50 is above or below a specific concentra-
tion. For example, the specific concentration might be the
concentration occurring in surface water, the concentration
resulting from the direct application of the material to a body
of water, or the solubility limit of the material in water. When
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there is interest only in a specific concentration, it is often
necessary only to test that concentration, and it is not necessary
to actually determine the LC50, EC50, or IC50.

10. Test Organisms

10.1 Life History of Freshwater Mussels:

10.1.1 Freshwater mussels are bivalve mollusks belonging
to the family Unionidae or Margaritiferidae. Adults are seden-
tary animals, spending their entire lives partially or completely
burrowed in the bottoms of streams, rivers, or lakes. Adult
mussels are filter feeders, using their gills to remove suspended
particles from the water column (Murray and Leonard 1962)
{(18), such as detritus, phytoplankton, zooplankton, diatoms,
bacteria, and other microorganisms (Fuller 1974 (19), Strayer
et al 2004 (20}). The extent of selectivity exhibited by mussels
feeding on each of these food groups is poorly understood and
is likely to vary by species (Beck and Neves 2003} (21), Recent
evidence suggests that detritus, bacteria, and zooplankton may
be important food sources (Silverman et al 1997 (22), Nichols
and Garling 2000 (23)). The early juvenile stage use foot
(pedal) feeding to some degree for the first several months of
their lives, feeding on depositional matertals in pore water of
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sedimment, including bacteria, algae, and detritus (Yeager et al
1994 (24), Silverman et al 1997 (22)) in addition to unicellular
algae (Gatenby et al 1997 (25), O'Beirn et al 1998 (26), Parker
et al 1998 (27}, Beck and Neves 2003 (21)). Pedal feeding in
juvenile mussels is accomplished by movements of micro-
scopic cilia lining the foot that carry food particles into the
mantle cavity and into the mouth. Juvenile mussels also use the
foot in a sweeping motion to draw particles toward the mantle
cavity (Reid et al 1992) (28).

10.1.2 Unionid mussels have an unusual and complex mode
of reproduction, which for most species includes a brief,
obligatory parasitic stage on fish (Fig. 1). Freshwater mussels
are typically dioecious, but some species may be hermaphro-
ditic (for example, Toxolasma parvus, Lasmigona compressa,
Utterbackia imbecillis; Watters 2003). During the breeding
season, males release sperm into the water column and females
draw the sperm in through the incurrent aperture. The eggs are
fertilized in the suprabranchial chambers in the gills and are
moved to the marsupial region of the gill until released as
mature glochidia by the thousands to millions (Fig. 2)

10.1.3 Spawning takes place in the spring for most amblcm-
ines and in the summer for most anodontines and lampsilines
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FIG. 2 General External Anatomy of the Soft Tissues (A), and Internal Anatomy, Organs, and Organ Systems of Soft Tissues of a
Unionld Mussel (B); adapted from McMahon and Bogan, Academlic Press, 2001, (29) Copyright Academic Press
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{Watters 2005) (30). Depending on the species, mature
glochidia may be brooded for several months or iay be
released shortly after maturation. Winter-brooding mussels
produce glochidia in the late summer or fall, but do not release
the glochidia until the following spring or summer (bradytictic
or long-term brooders). Summer-brooding mussels produce
glochidia in the late spring or early summer and release them
in the summer (tachytictic or short-term brooders). Some
mussels release glochidia in the fall or winter and after
attaching to a host, the glochidia remain dormant over winter
until a threshold temperature is reached in the spring, at which
time the glochidia metamorphose and excyst as juvenile
mussels (for example, Pyganodon grandis and Leptodea fra-
gilis; Watters 2005) (30).

10.1.4 The successful transfer of mature glochidia to a
suitable host constitutes a critical event in the life cycle of most
freshwater mussels. Various adaptations have evolved to facili-
tate this process, High levels of mortality occur during the
passage of glochidia from the female mussel to the host fish
due to low incidence of fish host contact. Once encysted in the
gill, glochidia may be relatively protected from in site expo-
sure contaminants in water (Jacobson et al 1997) (31). The
method of host infestation greatly varies among species. While
some species simply broadeast glochidia into the surrounding
water to haphazardly come into contact with the appropriate
host, the process is more intricate and direct for other species.
For example, females in the genus Lampsilis have an extension
of the mantle tissue that resembles a small lish or invertebratc
complete with eye spots and appendages. This lure is displayed
outside the shell between the valves and is twitched repetitively
to attract a predaceous fish host. The host is infested while
attempting to eat the lure when the marsupial gills of the
female are ruptured (Kracmer 1970 (32), Barnhart and Roberts
1997 (33)). Some species release conglutinates {small struc-
tures containing glochidia) freely into the water. In many
comglutinate-produeing species (for example, Elliptio, Fus-
conaia, Pleurobema, Plethobasus, Cyprogenia, and Quadrula),
conglutinates are released as cohesive masses made up of
unfertilized eggs that hold together mature glochidia. Conglu-
tinates of some species (for example, Ptychobranchus) are
made up of gelatinous material that enclose large numbers of
glochidia (Hartfield and Hartfield 1996) (34). Conglutinates
may resemble prey items of the host fish; the host fish are
infested with glochidia when fish attempt to eat conglutinates
(Chamberlain 1934 (35), Barnhart and Roberts 1997 (33),
Jones et al 2004 (36)).

10.1.5 Glochidia range in size from about 50 to 400 pm
(Hoggarth 1999 (37), McMahon and Bogan 2001 (29), Wacht-
ler et al 2001 (38)). Tbe only visible behavior of which
glochidia are capable is closure of the valves, which is
accomplished by a single adductor muscle. The valves close in
response to a variety of artificial tactile and chemical stimuli
such as insertion of objects placed between valves, hypo-
osmotic solutions, saturated NaCl or KCI solutions, or the
blood of vertebrates (LeFevre and Curtis 1912 (39), Arey 1921
(40)). In nature, glochidia will attach to the gills or the fins of
a host fish upon comtact. The sharp valves cut into the
epithelium of the host, enclosing and compressing the tissue

{LeFevre and Curtis 1912 (39), Arey 1932 (41)). After
glochidia are released from the female, glochidia need to attach
to the gills or the fins of an appropriate fish host and encyst to
complete development. Although glochidia may survive for
months during brooding in the femule mussel, glochidia
typically survive for only a few days after release unless the
glochidia reach a compatible host. Encystment on the host
occurs from encapsulation by host tissue (Zimmerman and
Neves 2002) (42).

10.1,6 Metamorphosis of juvenile mussels on the fish host
occurs within days or weeks, depending on species and
temperature. Host fish specificity varies among mussels. While
some mussel species appear to require a single host organism,
other species can transform their glochidia into juvenile
mussels on many species of host fish. Following proper host
infestation, glochidia transform into microscopic juveniles and
excyst (drop off) and settle into suitable habitat to survive. The
transformation of glochidia to juveniles results in the develop-
ment of internal organs necessary for self-sustained existence
as a benthic organism. Newly-transformed juvenile mussels
have a life style different from adult mussels. Transformed
juvenile mussels may be at the sediment-water interface or may
burrow several centimeters into sediment and rely on water
percolating between substrate particles of sediment for food
and oxygen (Neves and Widlak 1987) (43).

10.1.7 Newly-transformed juvenile mussels feed using cili-
ary currents on the foot and mantle. Older juvenile and adult
mussels likely use different food types when living in different
micro-environments. Given that glochidia and juvenile mussels
are ecologically and physiologically different from adult mus-
sels, protection of habitat quality of adult life stages may not be
protective of glochidia or juvenile life stages of freshwater
mussels (Watters 2005) (30). Distributions of adult mussels are
dependent both on the presence of host fish and on microhabi-
tat conditions. Efforts to assess effects of contaminants on
mussels need to evaluatc potential exposure to host fish in
addition to exposure to each unique life stage of freshwater
mussels (Watters 2005) (30),

10.1.8 Photographs of lures and conglutinates that mimic
prey items of the host fish can be found at the following
websites: (/) http://unionid.smsu.edu/default.htm and (2)
http:#/courses.smsu.edu/mcb095f/gallery/, Additional informa-
tion on the life history or propagation techniques for freshwater
mussels can be found in Gordon and Layzer (1989) (44),
Parmalee and Bogan (1998) (46), Bishop et al (2005) (47), and
Watters (1995, 2005) (45, 30).

10.1.9 Anatomy of Adult Mussels—Fig. 2 illustrates the (a)
general external anatomy of the soft tissues and (b) internal
anatomy, organs, and organ systems of soft tissues of a unionid
mussel, McMahon and Bogan (2001) (29) provide an overview
of the basis anatomy and physiology of freshwater mussels.
Information is also provided in McMahon and Bogan (2001)
(29) on the ecology and eveolution and on the collection,
identification and rearing freshwater mussels. Unlike most
epibenthic marine bivalves, North American freshwater mus-
sels lack true siphons or tubes for water intake and release.
Because of this, freshwater mussels frequently burrow only to
the posterior edge of the shell (Watters 2005) (30). However,
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anecdotal observations suggest that certain freshwater speeies
are routinely found near the sediment-water interface (that is,
Amblema plicatd), while other species maybe be found well
below the sediment-water interface (for example, Obliquaria
reflexa). In temperate locations, mussels may burrow deeper
into the substrate during the winter.

10.1.10 Tolerance Limits of Mussels:

10.1.10.1 Dimock and Wright (1993) (48) reported oxygen,
pH and temperature requirements for juvenile Utterbackia
imbecillis and Pyganodon cataracta and found that 7- to 10-d
old juvenile mussels could not survive 24 h in an anoxic
condition. Temperatures above 30°C were lethal (for example,
96-h median lethal effect at 31.5°C for Utterbackia imbecillis
and 33°C for Pyganodon cataracia). Slight acidity was toler-
ated with >70 % survival in all groups above a pH value of 5.0
with LC50s of pH 4.5 for both species. Chen et al (2001a) (49)
summarizes oxygen consumption by 9 species of freshwater
mussels. Sparks and Strayer (1998) (50) reported that juvenile
Elliptio complanata were sensitive to low concentrations of
dissolved oxygen with survival significantly reduced at 1.3
mg/L and behavior affected at 2 to 4 mg/L..

10.2 Tesr Species and Life Stage:

10.2,1 Table Al.1 and Table A L.4 lists examples of species
that have been used to conduct toxicity tests with glochidia or
juvenile mussels. These species were selected for testing based
on availability, past successful testing, and ease of handling in
the laboratory. Selection of the test species or the life stage to
be tested depends on the purpose and scope of the study and
should be appropriate to the overall objective of the study
{Guide E 1850). For example, early life stages of a species
might be sensitive to a certain toxicant and readily acclimate to
the laboratory envircnment, These organisms may be used in
an acute toxicity test or sublethal test designed to assess
toxicity using a growth endpoint (Annex Al), but would not
provide information on reproduction.

10.2.2 Before mussels are collected from the field, appro-
priate federal or state permits for collection of mussels are
mandatory. In addition, permission is needexl to collect mussels
from private landowners. Specific guidance on collection of
adult mussels in the field can be obtained from Strayer and
Smith (2003) (51).

10.2.3 When selecting the appropriate test species, the
following selection criteria should be considered in order of
importance {Guide E 1850):

10.2.3.1 Ease of Organism Procurement and Laboratory
Culture and Handliing—Species should be screened for ease of
handling, ease of collection, and resistance to shock and
handling. Preference might be given to those species that can
be successfully cultured in the laboratory and are amenable to
laboratory testing (Table Al.l and Table A1.4). Organisms for
use in testing should not have had prior exposure to contami-
nants or other known sources of stress. Potential criteria to
determine whether a given batch of field-collected organisms is
suitable for laboratory testing should include the following:
(1) Adult nwssels collected from the field should not have
signs of obvious physical abnormalities such as broken shells
or lesions. High survival of adult mussels several days after
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placement in the laboratory environment should indicate that
the organisms have adapted to the new environment.

{2) Organisms should exhibit normal behavior (for ex-
ample, feeding or locomotory, if appropriate).

(3) Reference-toxicant tests should be performed with
subsamples of each batch of glochidia or juvenile mussels used
in toxicity tests (following the recommended conditions for
conducting toxicity tests in Table Al.1 and Table AL.4).
Results of these reference-toxicant tests can be used to com-
pare test organism sensitivity over time either with previously
reported results of toxicity tests or with laboratory data being
developed for that species and life stage (section 16.3).

10.2.3.2 Ease of Method Developmeni—Test procedures
might exist for the species of interest or an ecologically similar
species (Table Al.1 and Table A1.4). Alternatively, preliminary
tests should be conducted with the species and life stage of
interest to determine how well the selected species will respond
in laboratory conditions.

10.2.3.3 Potential Sensitivity to Contaminants—A variety
of references are available that categorize species in terms of
general sensitivity to organic enrichment and other contami-
nants (Guide E 1850). It is desirable to use species for which
data are available, indicating their relative sensitivity to a given
test material or class of test materials (for example, Keller et al
2003) (7).

10.2.3.4 Test Performance Characterization—To document
the quality of the data produced from a given test organism
(and surrogate species as well} and to determine the compara-
bility of the selected test organism with other species data for
the same test material, method performance characteristics
should be determined, preferably before definitive toxicity
testing of the test material of interest (Guide E 1850). The
degree to which a toxicity test with selected test organisms
yields meaningful data will depend on how well the test
performance characteristics meet the data quality objectives of
the study (for example, Table Al.3 and Table A1,5). Test
performance characterization should include the following
steps:

(1) Different batches of the same species and the same life
stage should be collected and tested over time in order to obtain
a measure of the variability associated with testing the particu-
lar species. The relative sensitivity and quality of test organ-
isms can then be determined through an assessment of test
organism response to a known toxicant or, preferably, different
classes of toxicants (for example, NaCl, metals, chlorinated
organic compounds, or polycyclic aromatic hydrocarbons) in
which the toxicity effect is theoretically constant across tests.
Repeated tests using standard or reference materials could be
used to compare the sensitivity of the selected test organism
with existing data for surrogate test species, through the
development of a reference-toxicant control chart for the
species and the test material being used (Section 16.3).

(2) The appropriate exposure time required for testing
should be determined. Different life stages of the same species
(for example, glochidia versus juvenile mussels) might require
different exposure durations in order to obtain meaningful test
endpoints (section 10.3, Annex Al). As a general rule, acute
toxicity tests should conducted for at least 24 h with glochidia
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and for 96 h with juvenile mussels. However, shorter time
perieds for glochidia toxicity tests might be needed for a
pacticular species depending on the survival time of the
glochidia (Table A1.2, section A1.5.2). A 48-h toxicity test with
glochidia might be used for species for which juvenile mussels
are not readily available for testing or for species with a life
history where glochidia are released into the water column and
remain viable for days before attaching to a host {(in contrast to
species that release glochidia in mucus strands or in congluti-
nates). Longer exposure periods may be required for older life
stages of mussels that are capable of avoiding exposure for
short periods of time (older juvenile mussels and adult mussels;
Guide E 729 and 5.8.6).

(3} If a hypothesis test is used, the statistical power of a
particular toxicity testing method (Guide E 1850, Section 14),
This information will provide a measure of test reliability,
given the method and test species used. For regression, probit,
or logit-based endpoints such as LC50 or IC25, test reliability
and data quality of objectives are best stated in terms of the
range of the 95 % confidence limit around the endpoint; the
tighter the conhdence intervals of the endpoint, the more
reliable the test,

(4} The method precision {degree to which independent
tests using the same concentration of test material elicits a
similar response or test endpoint) should be determincd and
compared in relation to the decision criteria or data quality
objectives to the study (for example, Section 16). For certain
applications, it might be desirable or necessary to determine
test precision before conducting the definitive testing of a
particular test material.

(5) Appendix X3 in Guide E 1850 provides a flow chart
that summarizes the factors described above that should be
considered when selecting a test species.

10,3 Age:

10.3.1 Annex Al, Table Al.1, and Table Al.4 describe the
age of test organisms to be used and recommendcd to start a
toxicity test.

104 Source:

10.4.1 Adult mussels collected from the field should bc
representative of the organisms that could occur at the study
site based on habitat features available and historic species
records for the region and should not have becn previously
cxposed to contaminants or pathogens {Guide E 1850). There-
fore, adult mussels should be obtained from refercnec areas
(Test Mcthod E 1706), outside of the direct influcnce of point-
or non-point sources of contamination. Adult mussels collected
to produce cither glochidia or juvenile mussels should be
obtained from the same location. Priority pollutant analyses of
the site water, sediment, or organism tissues might be used to
determine whether organisms have had exposure 10 source-
related contaminants at the collection site. The taxonomic
identity of test species should be detcrmined by appropriate
keys and verified by an appropriate expert (section 11.5}).

10.4.2 Table 1 provides a summary of facilities that have
cultured juvenile mussels as of May 2005. Table 2 and section
10.5 provide a summary of tcchniques that have been used to
transform juvenile mussels. Transformation of juvenile mus-
sels has been reported for many species using either fish hosts

(in vivo) or artificial media (in vitro; Bishop et al 2005 (47);
section 10.5). Additionally, Waiters {1994) (52) reported over
150 species of fish hosts for 95 species of freshwater mussels.
While the main focus of the culture facilities listed in Table |
is propagation of juvenile mussels for release into the environ-
ment, these facilities may also be a source of either glochidia
or juveniles for use in toxicity tests. Individuals at these
facilities will be able to provide additional guidance on
handling and culturing of freshwater mussels. The following
sections briefly summarize activities at each of the facilities
listed in Table 1.

104.2.1 Mammoth Spring National Fish Hatchery, AR—
Over 2500 individuals comprising 28 species of native mussels
from the White and Ouachita Rivers in Arkansas have been
held in refugia at the Mammoth S pring National Fish Hatchery
since 1995, This facility was designed to hold adult mussels in
response to a zebra mussel infestation predicted by personnel at
the state game and fish commission. Species were held and
monitored for survival and physiological condition (cellu-
lolytic enzyme activity), using surrogate species, for four years
{some species are still surviving in the hatchery raceways
nearly seven years after initial collection). Survival from year
one (90 %) to year four (60 %) was measured and indicated
that the hatchcry provided suitable conditions (high water
quality, adequate food source, and continuous water tempera-
turcs throughout the year) for short- and long-term holding of
native mussels. Since 1994, this hatcbery has supported fresh-
water mussel propagation for recovery and restoration projects
in Arkansas and Ohio. Six species (including two federally-
endangered species), have been propagated wsing a combina-
tion of host fish and artificial media for the production of
Jjuvenile mussels (L. streckeri, Arkansia wheeleri, P. grandis, L.
siliguoidea, L. ventricosa, Fusconaia flava, and U. imbecillis).
About 10 000 juvenile mussels of these species were main-
tained in recirculating streams for several weeks and reintro-
duced into watersheds to support restoration goals of the 1.S.
Fish and Wildlife Service.

10.4.2.2 Lost Valley State Fish Haichery, MO-—Since 2002,
personnel at the Lost Valley Statc Fish Hatchery have propa-
gated, via host fish, about 5000 Epioblasnia triquetra and
40 000 Lampsilis teres juvenile mussels. Epjoblasnia triquetra
is considered rare by the state of Missouri and is currently
listed as a candidate species by U.S. Fish and Wildlife Service.

10.4.2.3 Warmn Springs National Fish Hatchery, GA—Due
to drought conditions that were occurring in a small tributary of
the Flint River, Georgia, 1500 individual mussels were (rans-
ported to the Warms Springs National Fish Hatchery in the late
1990s. Two species federally listed as endangered (Lampsilis
subangulata and Pleurobema pyriform) have been propagated
at the hatchery. Most of the mussels recovered from the dry
tributary were maintained at the hatchery in recireuvlating tanks
for about one year, Propagation efforts at the hatchery began in
2000 using a variety of host fish. Hatchery managers reported
the successful transformation juvenile Villosa vibex, V. lienosa,
and L, subangulata. Lampsilis subangulata is listed as endan-
gered by the federal government and consideration of this
listing has prompted hatchery personnel to focus efforts on
propagating this and other species in the region. From these
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TABLE 1 Facilities Currently Conducting Freshwater Mussel (Unlonidae) Propagation and Refugium Efforts

Facllity

Stale or Province

Spacies

Contacl

Mammoth Spring Natlenal Fish Hatchery

Lost Valley State Fish Hatchery

Warm Springs National Flsh Halchery

White Sulphur Springs Natlenal Fish Hatchery

Genoa National FIsh Hatchery

Aquatle wildiile Conservation Center
at Buller Flsh Cullure Station

‘Tennessce Aquarium Research Inslifute

Kentucky Depariment of Fish and Wildlifs Resources

Missourl State University

Cooperative Fish and Wildlife Research Unit,
Virginia Polytech and Stale University

Arkansas State University

Departmen! of Fisherles and Wildlife,
University of Minnesota

AR

Mo

GA

Wy

wi

VA

GA

KY

MO

VA

AR

MN

Lampsilis strecken FEA
Arkansla wheeler FE
Pyganodon grandls

L. siiquolder

L. vemlrlcosa

Fusconala flava
Ulterbackia imbeciliis
Epioblasma lriquetra SRY
L, tores

Villosa vibex
V. llenosa
L. subanbulata FE

L. fesclola

V. irls

E. ranglana FE

P. clava FE

V. fabalis CD®
Amblema piicata
Cyclonalas turberculata
A. ligamentina

E. difatata

Eploblasma spp.

L. higgins! FE

Q. Fragosa FE

L recta SR

Q. olivaria SR

L. cardium

L. slfoguioidea SR

L. teres SR

Aclinonalas ligamentina
A. peciorosa
Eploblasma capsasformis FE
E. brevidens FE

E. I. walkeri FE
Eplobiasma triguelra SR
Lampatlis fasciofa

L. ovala

Polamilus alafus

Vitlosa Irls

V. perpurpurea FE
Lampsiiis aftills

L, virascens

Richard Shelton (Hatchery Manager)
B870/625-3912
mammothspring@tws.gov
hitp://mammothspring.fws.gev

Ken Neubrand (Hatchery Manager)
660/438-4465

Ken.neubrand@ mde.mo.gov

hilp:/#
www.conservation.stale.mo.us/areas/haichery/lostvalley’
Curlls Echevarria (Haichery Manager)
706/655-3382

warmsprings @tws.gov
htip:/fwarmspringshatchery.lws.gov
Catharine Galenby (Projecl Leader)
304/536-1361 .
catherine_gatenby @ fws.gov
hitpe/northeast fws.goviwv/wssnih. htmi

Tony Brady (Musse! Bielogist)

Doug Alolsi (Haichery Manager)

Roger Gordon {Musse! Program Supervisor)
608/869-2605

Doug_Alois| @Iws gov
hitp:#/midwest.fws.gev/Genoa

Nathan Eckert (SW VA Museel Recovory Coordinalor}
Joe Ferraro {Musse! Propagation Specialist)
276/783-2136

Naihan.Ekert@DGIF.virginia.gov

hHpeff
www.dgll.virginia.gov/wildlifefireshwatar_mussels.himl

Paul Johnson {Directer)
708/694-4419

Lasmigona holstonla (etowehensls) pdj@inari.org

Madionldus acutissimus
Pleurobema decistim

P georgianum
Plychobranchus greenit
Vilosa nebulosa

V. umbrans

59 specles Including

7 federally-listed specles

Varlous speclos

Varlous species

Varlous specles

Varlous species

htig/iwww.tennis.ong/gel_involved/research_tnarl.asp

Monte McGregor {Aquatic Scientist)
502/564-7109

monte.mcgregor@ky.gov

www, kdfwr.slate.kv.us

Chris Bamhart

417/836-5166

chrisbarnhart@smsu.edu
htip:/blology.smeu.edw/aquatic/smsuwebs.him
Richard Neves

540/231-50927

mussel@vi.edu
hilp:/feww.fwl.eduffisherles/naves.htm

Jerry Farris

501/972-3082

Jlarrls @astate.edu

Mark Hove

612/624-3019

mark_hove@umn.edu

htlp:/f
www.fw.umn.eduPersonnel/staf/Hove/Personal Page
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TABLE 1 Continued

Facllity Stale or Provinge Specles Contact
Cooperative Fisheries Research Unit, TN Varlous speclos Jim Layzer
Tennessee Tach Unlversily 931/372-3032
Jim-layzer@tnlech.edu
Department of Zoology, ONT Varlous specles Gerald Mackle
University of Guelph 519/767-6684

hilp:#fwww,uoguelph.calchs/

AFE: Federally endangorad
£SR: State rare
©CD: Candidate for listing

three species, nearly 8000 juvenile mussels were released into
Spring Creek, GA. An additional 20 000 juvenile mussels have
been maintained in laboratory conditions and are being moni-
tored for growth and survival of viable juvenile mussels in
these hatchery conditions.

10.4.2.4 White Sulphur Springs National Fish Hatchery,
WV—In response to an emergency salvage order, White
Sulphur Springs was involved in the collection and holding of
various mussels species from the Ohio River in 1995, While
high mortality occurred in mussels held in <5 cm of substrate
during winter months, the following years yielded a much high
survival of mussels held in containers with at least 20 ¢ of
substrate. The propagation of two commen mussels, Lampsilis
fasciola and V, iris indicated that conditions at the hatchery
may be limiting for the successful transformation of other
species. While juvenile mussels were successfully propagated
using fish host techniques, mean survival of V. iris and L.
Jfasciola juvenile mussels following three months was 50 %
and 6 9%, respectively.

10.4.2.5 Genoa National Fish Hatchery, WI—The Genoa
hatchery is focusing its recovery efforts on the propagation and
reintroduction of federally endangered juvenile Lampsilis hig-
ginsi, and Quadrula fragosa. Various propagation techniques
are being implemented including hatchery propagation (using
host fish) and holding of juvenile mussels for survival and
growth. Over 4 years, about 1 500 000 juvenile mussels were
released into watersheds known to maintain existing or historic
populations of L. higginsi. The majority of juvenile mussels
produced are by cage propagation in river systems using host
fish. Other propagation techniques include the free release of
infested host fish. Nearly 20 500 host fish were released in
2003 and 2004 and results indicate that for cage releases, over
7000 sub-adults are living and growing from these 2 year
classes. Other mussel work includes host fish studies and
propagation for the pative mussel species. In 2004, channel
catfish were infested and held with Q. fragesa glochidia and
held until releases are favorable in the spring.

10.4.2.6 Aquatic Wildlife Conservation (AWCC), Buller
Fish Cultural Station, VA—AWCC was established in 1998 to
recover mussels within the Upper Tennessee River Drainage of
Yirginia. The facility has held over 30 species of adult mussels
with a survival rate of 95 %. Additionally, at least 16 species
have spawned at the AWCC including both state and federally
listed species. These mussels are held in 1 meter round
diameter tanks fed with natural river water. Propagation and
release has been successful for Actinonaias ligamenting, A.
pectorosa, Epioblasma brevidens, E. capsaeformis, E. floren-

tina walkeri, Lampsilis fasciola, L. ovata, Villosa iris and V.
perpurpurea. Over 70 000 individuals, ranging from 1 week to
6 years of age, have been released into the Powell and Clinch
Rivers, Grow-out of propagated juvenile mussels past one year
has been attempted and successful for 4 species (E. brevidens,
E. capsaeformis, L. fasciola and V. iris), Due to concerns over
impacts in Indian Creek, Tazewell County, VA, an Ark popu-
lation of 2 federally endangered species, E. florentina walkeri
and V. perpurpurea, was established at AWCC. Both species
have spawned providing a number of females on hand for
propagation during the upcoming season.

10.4.2.7 Tennessee Aguarium Research Institute (TNARI),
GA—To stem the tide of extinction in southeastern rivers and
streams, TNARI surveys and monitors mollusks within the
region and to propagate mussels and snails in captivity for
reintroduction into the wild. TNARI scientists have success-
fully bred in captivity the Georgia rocksnail, the plicate
rocksnail and the spiny riversnail—snails selected for propa-
gation because habitat destruction has resulted in the loss of
these species from over 85 percent of their historical range, In
2002, TNARIT researchers produced about 12 000 snails in
captivity. More than 2700 spiny riversnails were released into
the Tennessee River in 2002, The TNART has propagated the
following species since 2000: fo fluvialis, Lampsilis altilis, L.
virescens, Lasmigona holstonia, Leptoxis foremani, Leptoxis
plicata, Medionidus acutissimus, Pleurobema decisum, P
georgianum, Ptychobranchus greenii, Villosa nebulosa and V.
umbrans.

10.4.3 Bishop et al (2005} (47) reported both successful and
unsuecessful shipment of gravid mussels of various species
based on numerous personal communications with facilities
involved in mussel transport, Shipping gravid mussels is often
necessary because mussels are not in the area where the
propagation laboratory is located.

10.4.3.1 Long-term brooders (Lampsilinae and Anodon-
tinae) tend to hold their embryos or glochidia during shipping
and handling. Adult mussels can be transported to the labora-
tory at about 4 to 10°C using ice bags or ice packs placed in a
cooler, The ice bags or ice packs should not be in direct contact
with the mussels or with the water containing the mussels (if
mussels are shipped with water). Specifically, there should be
some insulation around the ice bags or ice packs. Cope et al
(2004) (76) recommends shipping adult mussels in moist
burlap in coolers with ice in plastic bags for transport duration
<12 h at a temperature within 2°C of the collection water (if
possible). Alternatively, Chen et al (2001b) (77) and Gordon
(2001) (78) recommend shipping adult mussels in well-aerated
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TABLE 2 Summary of Techniques Used to Transform Juvenile Mussels (adapted from Bishop et al, 2005} (47)

(reprinted with permission)

Specles Technlgue Purpose Reference
Alasmidonta ravenefiana Flsh host Toxclty testing Keller and Augspurger 2005 (53}
Amblema plicata Flsh host Relnireduction Hubbs 2000 {54)

Media Culture developmenl B Hudson and M Barfleld (personal communlcation)
Anodonta suborbloulaia Flsh host Host sultabliity Barnhart and Roberis 1997 (33)
Anodonfoldes ferussaclanus Flsh host Host sultabliity Hove et al 1997 (66)
Toxolasma cylindrefius Flsh host Unkncwn Hudseon and Isom 1984 {58)
Cyclonalas tubereuiata Flsh host Host sultabllity Hove et al 1997 (55)
Eflfptio angustata Medla Toxicity testing Hudson st ) 1998 (57)
E. complanata Media Culture development B Hudson and M Barfleld {personal communication)
E. crassidens Medla Unlknown D Simbeck (personal communlcalion)
E, lcenierina Fish host Toxlcily lesting Keller and Ruessler 1997 {58)
Fusconala ebena Madia Culture development Isem and Hudson 1982 {59)
Fusconala flava Media Relniroduction Mitam el al 2000 (80)
Lampsiis cardium Fish host Toxlclly testing Keller and Ruessler 1897 {58)
Media Relntroduction Milam et al 2000 {60)
Flsh hosl Toxlcity testing Newton et al 2003 {61)
L, lasclola Flsh host Reimroduclion Morgan ot al 1997 {(62)
Medla D Simbeck (personal communlcation)
L ovata Flsh host Culture development Isom and Hudson 1982 (59)
L. rafinesqueana Flsh host Host sultabllity Barnhart and Roberts 1997 (33)
Shiver 2002 (83)
L. reevelana Flsh host Hos! suitability Barnhart and Roberis 1997 {33)
L. sifiquoldea Medla Relntroduction Milam el al 2000 (60)
Medla Survival and growth Myors-Kinzie 2000 {64}
L. sirackeri Flsh host Host suitabllity and relniroduction Winierringer 2003 (65)
L. subangulata Fish host Host suitablilty C Echevarrla {personal communicallion)
L. tores Medla Unknown Keller and Zam 1990 (66)
Ligumia recia Medla Culture development Isom and Hudson 1982 (59)
Milam et al 2000 (60)
Mediontdus conradicus Fish host Relntroduclion Morgan et al 1997 (62)
Megalonaias gigantla Medla Unknown B Isom, D Simbeck {personal communication)
M. nervosa Fish host Relntroduclion Hubbs 2000 (54)
Plaurbema cocclneum Fish host Hest sullability Hove at al 1997 (55)
P. cordalum Madla Culture dovelopment Hudson and Isom 1984 {586)
Ptychobranchus occldentalls Flsh host Host sullabiflty Barnhart and Roberts 1997 (33)
Pyganodon calaracta Medla Unknown Dirnock and Wiright 1993 (48}
P. grandis Flsh host Toxlcily lesting Keller and Fuessler 1997 {68)
Flsh host Relntroductlon Milam et al 2000 (60)
Media B Isom (personal communication)
Strophitug undutatus Flsh host Hosl sullabllity Heve et a) 1997 (55)
Utterbackia imbeciliis Fish host Toxicity testing Keller and Zam 1991 (67)
Warren 1996 (68)
Clem 1998 (69}
Media Cullure development Isom and Hudson 1982 {59)
Barfield st al 1997 {70)
Texicity testing Hudsen and Shelbourne 1990 {71}
Wada al al 1989 (72)
Flsh host Physlologlcal effects Dimock and Wright 1993 (48}
Flsh host Viabllity Fisher and Dimock 2000 (73)
Media Unknown Keller and Zam 1990 {66)
Venustaconcha effipstlormis Flsh host Host suilability Riusech and Barnhart 2000 (74}
V. pleasl Fish host Host sultabillty Riusech and Barnhart 2000 (74}
Vilosa lrls Fish host Toxiclly testing Jacobson et al 1993 (75)
Fish hosl Behavlor Yeager et al 1994 (24}
Medla Unknown D Simbeck {personal communication)
V. iensesa Fish host Toxlclty testing Keller and Auessler 1997 {58)
Flsh host Host suitability G Echevarria {personal communicallon)
Medla Unknown Koller and Zam 1990 {68)
V. taeniafa Flsh host Relnlreduction Morgan at al 1997 {62)
V. vibex Flsh host Host suitability C Echavarria {personal communication)
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water. The approach used may be dependent on the species of
mussel being shipped. For speeies that are relatively tolerant of
low of oxygen, it may not matter which approach is used for
shorl intervals of time (Chen et al 2001b} (77). Lampsilinae
and Anodontinae mussels will not likely abort gtochidia during
transport, but can abort glochidia after been warmed and
placed into culture systems. Once received in the laboratory,
the temperature of the water containing the mussels should be
gradually adjusted to the test temperature (for example, in-
crease by no more than about 3°C/h), Some culture facilities
have had better success when adult mussels are held for a day
or two before the glochidia are extracted for propagation of
juvenile mussels (Bishop et al 2005) (47),

10.4.3.2 Short-term brooders (Unicninae) tend to abort
embryos or glochidia during shipping or following shipping
(although less than 5 % may abort, resulting in partial demi-
branch release during transportation). Adult amblemine mus-

sels transported in wet towels in an ice chest often abort when -

returned (o water. Quadrula species seem to be especially
prone to aborting glochidia when disturbed (Bishop et al
2005b) (47).

10.4.4 Glochidia have been shipped free from the marsupia
in cool, well oxygenated natural or reconstituted water (Gor-
don 2001 (78); section 10.4.4), Exeised gravid marsupia have
also been shipped for use in propagation efforts. However, the
most appropriate way (o ship glochidia is free from the
marsupia because the female mussel is not killed (section
10.5.3). Alternatively, cold storage at about 4°C of inflated
marsupia for up to 4 d has been shown to be effective in
maintaining the condition of encapsulated glochidia for toxic-
ity testing (Bishop et al 2005) 47). Glochidia of Lampsilis
higginsi were held at 8 to 12°C for 24 h without a substantial
reduction in viability (Gordon 2001) (78). Zimmerman and
Neves (2002) (42) compared glochidia from two species over
time in different temperature regimes and found that glochidia
in the cooler temperatures (0 and 10°C) remained viable longer
than those at 25°C (75 % survival at 7.5 days for Villosa iris
and at 14.4 days for Actinonaias pectorosa) and were able to be
transformed on fish following this time period (Table A1.2).

10.4.5 Shipping Glochidia or Juvenile Mussels::

10.4.5.1 Section 10.5.3 describes procedures for isolation of
glochidia from female mussels and section 10.5.4 describes
procedures for culturing juvenile mussels. It may be desirable
to ship adult mussels containing glochidia rather than ship
glochidia isolated from female mussels. Once glochidia have
been isolated, the female mussel can be returned to the
collection site (Keller and Augspurger 2005) (53).

10.4.5.2 Young juvenile mussels or glochidia isolated from
femalc mussels are fragile and should be shipped with care.
The glochidia or juvenile mussels should be shipped from the
source to the laboratory in as short of a period of time as
possible using an over night delivery service. Check to
determinc that the vendor accepts live organisms for shipment.
Before shipping, empty shells or detritus should be scparated
from the glochidia or juvenile mussels. The mussels should
then be placed into clean culture water or acclimated to the
dilution water before shipment (section Al.4.2.2). It is not

necessary to feed the juvenile mussels during shipping. In fact,
food may adversely affect the water quality during transit,

10.4.5.3 Either plastic bags or square, wide mouth polyeth-
ylene bottles (for example, 250 to 1000 mL) work well for
contain mussels when placed into strong-walled containers for
shipping. Square bottles, when properly sealed, can be laid on
their sides; the square form may help prevent piling or
bunching of mussels during shipment. Teflon tape can be
wound around the threads of the bottle to help seal the cap of
the bottle. Flat (or square) bottom fish-shipping bags also work
well for containing mussels, Use of the pleated bag (flat
bottom) provides a larger surface area for the mussels to lie on
during shipping. For added security, the shipping bag should be
doubled bagged. Each bag should be sealed with rubber bands.
Zip-lock bags should not be used because these bags may open
during shipment, Pure oxygen can be added to the water
containing the mussels before sealing the bags or boltles for
shipment.

10.4.5.4 Shipping containers should be durable and water
tight. Six-pack beverage coolers are well insulated, durable,
and work well for shipping bottles or bags containing glochidia
or juvenile mussels. The addition of bubble wrap, newspaper or
foam peanuts will reduce jostling and keep the bottles or bags
more secure in the container. These matertals also add an
additional layer of insulation. Coolers containing test organ-
isms should be firmly taped shut before shipment.

10.4.5.5 Care should be taken in shipping mmssels when
outdoor temperatures are reduced or elevated. Insulated ship-
ping containers will help protect from (emperature fluctuations
during shipping. Ice packs can be used to stabilize the
temperature of the shipping container. Small temperature
recorders can be used to monitor temperature of the container
during shipment. Once received in the laboratory, the tempera-
ture of the water and the water quality characteristics of the
water containing the mussels should be gradually adjusted (for
example, a temperature increase of no more than about 3°C/h).
Sce section A1.4.2.2 for additional guidance on acclimation of
test organisms before the start of a toxicity test.

10.5 Care and Hardling of Organisins in the Laboratory:

10.5.1 Information in the following sections and in section
10,6 summarizes procedures for the culture of mussels.

10,5.2 Adult Mussels:

10.5.2.1 In the laboratory, adult mussels can be maintained
in aquaria with a substrate of sediment or gravel. Maintaining
the physiological condition of adult mussels in the laboratory is
difficult because the diet and nutritional requirements for
mussels are poorly understood (Cope et al 2004) (76). Adult
mussels held for up to one menth without feeding can produce
viable glochidia; howcver feeding adult mussels algae en-
hanced survival of adult mussels (Johnson et al 1993 (79),
Patterson et al 1999 (80), Gatenby et al 2000 (81)). Holding
and maintaining adult mussels in laboratory conditions is
necessary to allow for transport acclimation, glochidia devel-
opment, and in some cases, for reproduction to occur. Villosa
spp. and Lampsilis spp. are particularly easy to maintain in the
laboratory when given adequate food quantity and quality
{Bishop et al 2005) (47). Maintenance of these species results
in relatively low mortality and measurable growth, indicating
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that these individuals are in reasonably good condition. Fe-
males of Villosa, Pyganodon, Utterbackia, Tritogonia, Elliptio,
and Pleurobema have repeatedly become gravid in holding
conditions (Bishop et al 2005) (47).

10.5.2.2 Adult mussels should be observed daily for signs of
stress or mortality. Gaping mussels that do not close when
touched with a probe should be discarded. Mussels that never
open or do not deposit feces should be discarded. Waste and
feces should be siphoned out of the culture systems as needed.
Concentrations of glycogen in the adult mussels should also be
monitored during the time that the organisms are held in the
laboratory (Patterson et al 1999 (80), Naimo et al 1998 (82),
Naimo and Monroe 1999 (83), Cope et al 2004 (76)).

10,5.2.3 Cope et al (2004) sununarizes conditions for hold-
ing adult mussels in the laboratory or in ponds and recom-
mends feeding adult mussels 1 X 10° algal cells/mL or 4.0
mg/L dry weight of algae twice daily or 2 to 5 X 10* algal
cells/mL or 1.9 mg/L dry weight of algae on a continuous bases
(Gatenby et al 2000 (81) and Gatenby 2002 (84)). The amount
of algae required is dependent on the biomass of adult mussels
in a particular culture location.

10.5.2.4 Adult Lampsilis cardium have been held in the
laboratory in aerated 100 to 150-L flow-through aquaria
receiving about 20 to 30 L/h containing sand and aerated well
water at 10 to 15°C. Adults were fed a commercial shellfish
diet* at a ration of 1.2 mL/individual/day. To deliver feed,
about 80 % of the water was siphoned from the aquaria and the
shellfish diet was added (mixed with about 500 mL of well
water) and then the tank was filled with water back to volume,
Advlts were usually fed three times a week and the ration was
adjusted accordingly (for example, to get a 7-d supply of food
delivercd in 3 feedings), Adult L. cardium have been held in
this manner with few to no mortality for up to one year
(Newton et al 2003) (61).

10.5.2,5 USGS (2004) held adult mussels containing
glochidia in an indoor laboratory setting, Well water (hardness
280 mg/L as CaCQ, at 10 to 17°C) was provided at a rate of
about 1 volume addition/h. Mussels were held in 250 to 600-L
tanks. Plastic containers (35 by 24 by 23 cm) were placed in
the fiberglass tanks and a 10-cm layer of creek gravel (about
0.5 to 2 cm diameter) was used as a substrate in each container.
About 10 adult mussels were placed in each container. About
15 mL of two instant algae mixtures (prepared from non-viable
microalgae concentrates of Nannochloropsis and from a com-
mercial shcllfish dief)* were added every other day to each
container (section Al.4.5 for a description of the process used
to prepare thcse two instant algae mixtures).,

10.5.2.6 Adult mussels have becn held in a 0,1 hectare pond
for more than 1 year in suspended pocket nets or in sediment-
filled containers placed on the bottom of the pond (Dick Neves,
USGS, Blacksburg, VA; personal communication).

10.5.3 Glochidia:

* The sole somce of supply of the materinls known to (he eommittee al this lime
is Instant Algae 520 MoGliney Lane #9, Campbell, CA 95008, If you are aware of
alternative suppliers, please provide this information to ASTM International
Headquarters. Your comments will receive careful consideration al a meetiug of the
respongible technical commitice,' which you may attend.

10.5.3.1 During early development, glochidia are carried in
the gills of the female mussel. The maturity of the glochidia
can be determined by the color of the gills of the female. Gills
containing mature glochidia are enlarged and brown in color
whereas enlarged beige or white gills may contain immature
glochidia (Johnson et al 1993) (79). Many short-term brooders
have conglutinates that change in color from red to pink as the
glochidia mature (Jones et al 2004) (36). Visual examination of
gill of a female mussel can be done by carefully prying the
sides of the shell open.

10.5.3.2 Mature glochidia can be gently flushed from the
marsupium of a female mussel into a basin or shallow
container using a sterile hypodermic syringe filled with dilution
walter in which the female mussels are held. The gage of the
needle used should be based on the size of marsupium of the
mussel (for example, needle about 3.8-mm long, 16 to 20
gauge). Care should be taken not to damage the gill structure
within the marsupium. The valves of the adult mussel should
be slowly opened with reverse pliers (Gordon 2001) (78) or
with a small nasal speculum. Opening mussels too quickly or
too wide can crack the valves or rip the adductor mussels, The
valves can be propped open with a silicon stopper or similar
object, Caution should be taken not to damage internal organs,
labial palps, or gill structure (Gordon 2001) (78). Glochidia
have also been isolated by cutting a section of gili from the
female mussel and then teasing out the glochidia in water, This
latter technique is destructive to the gills of the adult female
and should be avoided if possible. No studies were identified
where glochidia were isolated for toxicity testing from conglu-
tinates released into the water by female mussels (Kernaghan et
al 2005) (5).

10.5.3.3 TIsolated glochidia can be held in glass chambers
before the start of a toxicity test or before the glochidia are
used to produce juvenile mussels (section 10.5.4). Glochidia of
anodontines may stick together due (o byssal thread adhesion.
These aggregates of glochidia can be separated by carefully
aspirating the aggregates in and out of a pipette. The maturity
of glochidia can be determined through microscopic examina-
tion. Mature glochidia will be free of embryonic membranes
and the shell valves of viable glochidia will open and close
sporadically in anodontinc specics. Viability of glochidia
isolated from a female mussel should be evaluated before the
start of a toxicity test wsing a solution of NaCl (section
Al4.8.4).

10.5.3.4 Gravid female mussels are usually collected from
the field amd held in the laboratory before isolating glochidia to
start a toxicity test. Alternatively, Zimmerman and Neves
(2002) (42) suggested glochidia of some species (including
Villosa iris and Actinonaias pectorosay could be extracted in
the field from a female and transported back to the laboratory
in cool water where the glochidia can remain viable for several
days without a reduction in ability to successfully attach on a
host fish. This procedure may be particularly useful when
glochidia of endangered species are extracted in the field, and
the female mussels should be immediately returned to their
habitat.
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10.5.3.5 Before starting an exposure, the viability of
gloehidia should be evaluated by the response of the gloehidia
to the addition of a solution of NaCl (scetion A1.4.8.4). Mature
and healthy glochidia will snap shut in response to the addition
of a salt solution. Immature glochidia isolated from the
marsupium of a female will often be enclosed in an egg
membrane and will be fragile and tend to fracture., Toxicity
tests are usually started if >90 % viability of the glochidia is
observed (Annex Al). If an abundance of immature glochidia
are isolated from a female mussel, progeny of this female
should not be used to conduct a toxieity test.

10.5,3.6 Exposures are usually started the same day that
glochidia are isolated from female mussels without an ex-
tended acclimation period in the dilution water before the start
of a toxicity test {Table A1.1 and Table A 1.3). However, Wang
et al (2003) (85) observed that the sensitivity of Lampsilis
siliquoidea glochidia held for 24 h after isolation from a female
was similar to newly-released glochidia in exposures to copper.
The viability of glochidia isolated from each female should be
evaluated before glochidia are pooled together (section
Al1.4.84), Toxicity tests should be conducted by pooling
glochidia from at least three female mussels, Toxicily tests can
be conducted with glochidia obtained from one female mussel
(for example, when a limited number of organisms of an
endangered species is available for testing); however, the
results of tests conducted with a limited number of mussels
should be interpreted with caution. Additional research is
needed to determine the minimum number of females that
should be sampled to obtain glochidia to start a toxicity teat.
This research might include an evaluation of the variability in
sensitivity of glochidia obtained from individual females using
a variety of toxicants (seetion AL.6).

10,54 Juvenile Mussels:

10.5.4.1 Toxicity tests with juvenile mussels are typically
started within about 5 d after juvenile mussels are released
from a fish host (Table Al.4; for example, in vive propagation;
Lefevre and Curtis 1912) (3%). Alternatively, artificial media
has also been used to transform juvenile mussels for use in
toxicity testing (for example, in vitro propagation; Johnson et
al 1993 (79), Clem 1998 (69), Tsom and Hudson 1982 (59),
Summers 1998 (86), Hudson et al 2003 (87)).

10.5.4.2 Bishop et al (2005) (47) provides an overview of in
vitro and in vive methods used to culture juvenile mussels.
Juvenile mussels cultured fn vitro should not be used to
conduct toxicity tests unless it has been demonstrated that the
sensitivity of the juvenile mussels eultured in vitro is similar to
the sensitivity of juvenile mussels cultured in vivo. Compari-
sons of physiological conditions of juvenile mussels trans-
formed in vitro and in vivo indicate that individuvals that
transform on a fish host tend to be healthier than individuals
that transform in artificial culture media. Juvenile mussels
transformed with fish exhibited several features that were not
present in juvenile mussels transformed in vifro (Fisher and
Dimock 2002) (73). There was little evidence of lipids and
glycogen in-the larval mantle cells of the juvenile mussels
transformed in vitro, whereas the juvenile mussels transformed
with fish had numerous lipid droplets and glycogen granules in
the basal portions of the cells (Fisher 2002 (88), Hudson et al
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2003 (87)). Juvenile mussels transformed in vive on fish hosts
were less sensitive to thermal and hypoxie stresses eompared to
juvenile mussels transformed in vitro (Fisher 2002) (88).
Juvenile U. imbecillis transformed in vitro were less sensitive
compared to juvenile mussels transformed in vive in 24-h
exposures to sodium dodecylsulfate; however, sensitivity to
cadmium or ammonia was similar between the two groups of
juvenile mussels (Summers 1998) (86). Comparisons of toxic-
ity tests conducted with in vitro- and in vivo-transformed
juvenile mussels indieated that juvenile mussels transformed in
an artificial medium were more sensitive to copper than the
juvenile mussels transformed on a fish host (Warren and Klaine
1994) (89).

10.5.4.3 Table 2 provides a summary of techniques that
have been used to transform juvenile mussels (Bishop et al
2005) (47). Most freshwater mussels require a host fish for
reproductive success. Freshwater mussels are identiied as
either generalists, where glochidia can transform on a variety
of fish species, or specialists, where only one or two host fish
have been identified that successfully metamorphose glochidia
to the juvenile life stage. Techniques for determination of fish
hosts for a particular species have been reperted and used by
many researchers for decades, while some unconventional
hosts (for example, amphibians) have also been used to
transform juvenile mussels. Some freshwater mussels can
transform from glochidia directly to juvenile mussels inside the
marsupial pouch of the mussel (for example, Strophitus undu-
latus, Utterbackia imbecillis, Obliquaria spp.; Bishop et al
2003) (47).

10.5.4.4 Common species as well as state and federally
listed species are often difficult to transform due to the lack of
knowledge of life history complexities and requirements (sec-
tion 10.1). Glochidial attachment can range from several days
to several months depending on the mussel species, fish health,
water temperature, and other unknown variables (Bishop et al
2005b) (47). Alternatively, fish survival can be jeopardized by
excessive glochidial infestation, limiting gas exchange across
the gill lamellae, Maintenance of healthy host fish before and
during encystment is critical to the success of transforming
juvenile mussels, While 50 to 100 gloehidia/gill for fish 15 to
25 cm in length have been reported as adequate, others
investigators have directly infested host fish with several
thousand and achieved successful transformation and still
maintained fish viability (Bishop et al 2005) (47). Transforma-
tion of glochidia to juveniles on the fish gill (or in artificial
media) may range from 7 to >110 d, depending on mussel
species, water temperature, and host fish condition (Bishop et
al 2005) (47).

10.5.4.5 Host fish should not be fed for several days before
the release of the transformed juvenile mussels, The bottom of
the chamber holding the host fish should be kept clean of debris
before the release of the newly-transformed juvenile mussels.
Bottom-feeding minnows and catostomids may feed on newly-
transformed juvenile mussels; therefore these fish should be
separated from the bottom of the chamber with fine mesh
(Bishop et al 2005) (47). The newly-transformed juvenile
mussels can be siphoned from bottom of the chamber holding
the host fish and collected using a sieve of appropriate size (for
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example, 130 um). A polarized lens attached to the objective
lens of a dissecting microscope can be used to reflect, through
under stage lighting, only prismatic objects and block out
sediment or feces that can make juvenile identification and
counting difficult (Watters 1996) (90).

10.5.4.6 Section 10.4 provides guidance on obtaining and
shipping juvenile mussels from facilities that culture mussels.
The following sections provide examples of approaches used
by culture facilities to transform juvenile mussels. Laboratories
interested in transforming juvenile mussels in their own
tacilities are encouraged to obtain the publications cited in the
sections below for additional detail. Laboratories interested in
transforming juvenile mussels at their own facilities may also
want to contact facilities listed in Table 2 for guidance.

10.54.7 Techniques for determining fish host suitability
include the use of aeration tanks, direct gill placement, and the
usc of anesthetics to reduce handling stress on the fish (Zale
and Neves 1982) (91). Aeration tanks have been used when
there arc viable glochidia with several fish species and cohorts,
However, if glochidia are limited or the fish are small, direct
gill placement using pipettes is a viable alternative to aeration
techniques for attachment onto the gill (Bishop et al 2005b)
(47). Host suitability trials should include multiplc attempts
using several individuals of the same host organism with
glochidia from different femalcs to assure that metamorphosis
occurs in at least two different test trials (Bishop et al 2005)
7).

10.54.8 The U.S. Fish and Wildlife Service Genoa National
Fish Hatchery in Genoa, W1 uses the following procedure to
encyst glochidia of federafly-endangered Lampsilis higginsi
using largemouth (Micropterus salmoides) or smallmouth (M,
dolomieu) bass as the fish hosts (Tony Brady, Genoa, WI,
personal communication; Gordon 2001) (78). Glochidia are
flushed from the gills of | to 3 adult mussels. About 2 mL of
glochidia are added to 1 to 2 L of water, and 10 fish are then
placed into this solution for about 3 minutes. Host fish should
be introduced after the addition of the glochidia to minimize
fouling of the chamber with excess feces or mucus. A smaller
volume of water allows for more concentrated glochidia when
infesting fish, Aeration with an air stone is used to keep the
glochidia in suspension. The target infestation is 250 glochidia
per fish. Light levels should be reduced as much as feasible to
minimize activity of the infested fish,

10.5.4.9 Barnhart (2003) (92) described a system used to
transform juvenile mussels of three species of freshwater
mussels: Lampsilis rafinesqueana, L. abrupta, and Leptodea
leptodon. A large-scale recirculating system for mussel propa-
gation was devcloped and used to produce large numbers
(14 000 to 375 000) of juvenile mussels. Barnhart (2003) (92)
also provides a description of procedures that can be used to
encyst the glochidia on the fish hosts and maintain the host fish
during the transformation of the juvenile mussels. Host fish
containing encysted glochidia were held in flow-through race-
ways and then transferred into low-flow or recirculating tanks
during the drop-off period to avoid losing the juvenile mussels.
Water supplies at hatcheries ofien contain a wide variety of
zooplankton that are the same size as glochidia or juvenile
mussels. Some invertcbrates such as flatworms and hydra are

predators on juvenile mussels, Other species are the same size
range of glochidia or juvenile mussels and are very difficult to
separate (for example, cladocerans, ostracods, bryozoans).
Efforts to remove invertebrates by pre-filtering water supplies
were unsatisfactory. Vacuuming the tanks holding the host fish
to remove transformed juvenile mussels was labor intensive
and missed a large proportion of the juvenile mussels that
dropped from the fish host. The recirculating propagation
system (RPS) developed by Barnhart (2003) (92) was designed
to hold several hundred host fish and recover glochidia or
juvenile mussels continuously from the recirculating fow of
water (Figure 1 to 7 in Barnhart 2003 (92)). The RPS consists
of: (1) 2 conical-bottom 1000-L tanks each with a double stand
pipe to contain the host fish, (2) a sump containing a biological
filter to maintain water quality, {3} recovery filters to recover
juvenile mussels from each tank, and (4) a pump to recirculate
water, Host fish can be held in the RPS during the entire
encystment period or the fish can be moved to the RPS shortly
before drop-off of the juvenile mussels, Host fish are not fed
for several days in advance of the drop-off of the juvenilc
mussels. The RPS system eliminates most problems with
zooplankton because these organisms do not enter the system.
Vacuuming debris from the bottom of the tank is also elimi-
nated because recirculation of water is used to recover the
juvenile mussels by moving them to a filtration system. The
juvenile mussels can be removed from the filters to facilitate
counts and expedite handling for use in culture or toxicity
testing,

10.5.4.10 Newton et al (2003) (61) used in vivo infestation
to obtain about 2000 juvenile Lampsilis cardivm from large-
mouth bass (Micropterus salmoides). Glochidia were com-
bined from at least three female mussels and used to infest four,
8 to I5-cm long largemouth bass. Glochidia were isolated from
a female mussel by flushing the gill with about 30 mL of well
water (delivered three times via a 10 mL syringe). The water
containing isolated glochidia was placed into a glass dish and
glochidia viability was determined on a subsample and then
glochidia isolated from all of the female mussels were com-
posited into one dish, Four fish were placed into a 19-L bucket
with about 9.5 L of vigorously acrated well water followed by
the addition of the glochidial solution, After 10 min, one fish
was randomly removed and placed into a separate 19 L bucket
with 9.5 L of well water and 1.0 g MS-222. Once the fish
became lethargic, the gills were checked for level of glochidial
infestation (the target was about 400 to 500 glochidia/fish). If
the infestation was low, the fish was put back into the bucket
containing glochidia for about 2 to 5 min and re-checked to
evalnate infestation. Once the encystment was complete, the
fish were transferred into 38-L flow-through aquaria (about 500
mL/min) containing dechlorinated well water at 22°C. Tem-
perature, dissolved oxygen, and flow ratc were measured daily
and tank bottoms were siphoned daily. At this temperature,
juvenile mussels began to excyst in about 17 to 19 d. Encysted
fish were fcd rainbow trout, Oncorhynchus mykiss, until about
7 to 10 d before the expected release of juvenile mussels.
About 3 d beforc the expected release of juvenile mussels, fish
were consolidated into 2 aguaria using a plastic baffle to
separate the fish. To determine post-excystment age, water was
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siphoned from the aquaria bottoms daily through a 153-pm
sieve and the contents was examined under a microscope.
Juvenile mussels from a given day were transferred into 4.4-em
inner diameter glass cylinders fitted with a 153-um mesh
bottom and suspended in 38-L fiow-through aquaria at 22°C
until use in toxicity testing. This procedure has been used to
produce juveniles for conducting more than 10 toxicity tests
and has resulted in acceptable survival of both host fish and
juvenile mussels.

10.6 Feeding:

10.6.1 Adult Mussels—See 10.5 for a description of proce-
dures for feeding adult mussels held in the laboratory.

10.6.2 Giochidia—Glochidia isolated from female mussels
are not fed in culture or in toxicity tests.

10.6.3 Juvenile Mussels:

10.6.3.1 The following sections summarize information on
general feeding requirements of juvenile mussels. Examples of
procedures used by facilities to culture newly-transformed
juvenile mussels are also presented. Bishop et al (2005) 47)
also describes procedures for rearing juvenile mussels caged in
rivers and describes case studies where facilities have propa-
gated and reintroduced juvenile mussels into the environment.

10.6.3.2 Little is known about the survival, growth, and
reproduction of naturally produced mussels once the juvenile
mussels excyst from the host organisms, Growth of juvenile
mussels during the first year is variable among species and
consequently, collection from the wild and assessment of these
young individuals is difficult. Certain species of juvenile
mussels may only grow a few millimeters to centimeters in a
typical year. Percentage of juvenile survival that results in
reproductively-viable adults for most species is unknown
{Bishop et al 2005) (47); however, some information is
available for some European species of freshwater mussels
(Bauer and Wachtler 2000) (93).

10.6.3.3 The addition of sediment fines as a substrate has
been shown to inerease growth rates of juvenile mussels of
some species in the laboratory (Hudson and Isom 1984 (56),
Gatenby et al 1997 (25), O’Beirn et al 1998 (26)). Juvenile
mussels can use the organie matter that coats small sediment
particles, While some juvenile mussels do well in fine sedi-
ment, juvenile mussels of other spccies (typically riffle-
dwelling species) do poorly in fine sediment (Neves 2004) (3).
Sediment used to culture juvenile mussels is typically sieved to
remove larger particles and autoclaved to remove invertebrate
predators and fungal growth that may kill juvenile mussels.
Hudson et al (2003) (87) report that sediment pretreated with
low concentrations of bentonite clay or EZ mud® clears the
suspension of the finest clay particles, resulting in better
survival of juvenile mussels, This indicates that finer particles
may impair gill function of juvenile mussels (Bishop et al
2005) (47).

10.6.3.4 Nutrition in juvenile and adult mussels is important
for the survival, growth, and reproduction of mussel popula-

1 The sole source of supply of the upparatus kuown to Lhe committee at this time
is BAROID Industrial Drilling Prodnets. If you are awnre of alternative suppliers,
plense provide this informution to ASTM Internalional Headquarters. Your com-
menis will reeeive eareful cousideration at u meetiag of the responsible technical
committee,! which you inay attend.
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tions, However, little is known about the quantity or quality of
food source that provides conditions for sustaining populations
in the wild or in the laboratory (Gatenby et al 2003 (94),
Christian et al 2004 (95)). A diversity of algae reporiedly
improves growth of juvenile mussels (Hudson and Isom 1984
(56); Gatenby et al 1997 (25), 1999a (96); Beck and Neves
2003 (21)). Algae containing higher levels of lipids (for
example, Neochloris oleoabundans) promoted the best growth
of juvenile mussels (Gatenby et al 1997, 2003) (25, 94).

10.6.3.5 Barnhart (2005) (97) described a eompact recireu-
lating system for rearing newly-transformed juvenile freshwa-
ter mussels, The system consisted of nested buekets that
partition a volume of 18 L of culture water into an upper and
lower compartment, A small submersible pump is used to move
water from the lower compaitment to the upper compartment,
and the water then returns to the lower compartments through
cylindrical sereen-capped ehambers that contain juvenile mus-
sels, The design minimizes space requirements and facilitates
the isolation, containment, and handling of juvenile mussels.
Newly-transformed juvenile mussels of 8 species were held in
these systems for several months and fed continuously by drip
with a monoculture of algae (Neochloris oleoabundans). River
water filtered to remove particles >30 pum was used to culture
juvenile mussels to provide a natural community of microor-
ganisms which may aid in digestion. Survival rates were higher
than most previous reports for captive juvenile mussels.
Survival of newly-transformed Lampsilis siliguoidea and L.
reeveigna exceeded 95 % over 2 months. Changes in shell
length in these two species were about linear ranging from 4.2
to 12.5 pm/day at 22°C. These growth rates are similar to or
higher than previous reports of growth of juvenile mussels in
recirculating systems. The bucket rearing system may be
particularly vseful for conducting studies feeding studies with
juvenile mussels. This recirculating system might also be
adapted for conducting chronic toxicity tests with juvenile
mussels,

10.6,3.6 Henley et al (2001) (98) described two air-driven
recirculating water systems for eulturing juvenile mussels. An
8-L system was used to hold newly-transformed juvenile
mussels for about 10 weeks, Juvenile mussels were then
transferred to polyvinyl chloride (PVC) trays place into a larger
350-L system for grow out. The 8-L system consisted of two
interconnected polypropylene containers. One container served
as the juvenile rearing tank and the other as a rcservoir. Water
entered the rearing tank via an airlift through silicone tubing
from the reservoir and exited the rearing tank through a stand
pipe. The rearing tank was designed to have some algal settling
for juvenile mussels at a pedal-feeding stage of development.
Juvenile mussels were fed periodically to maintain an algal cell
density of about 30 000 cells/mL in the water column (Neves
2004) (3). Scenedesmus, Nannochloropsis, and Neochloris
were genera of algae that are svitable for the diet of juvenile
mussels (Neves 2004) (3). The 350-L system consisted of an
interconnected polyethylene feed trough, a polyethylene drum
and a polyvinyl chloride airlift and return tubes. A series of air
stones were used to suspend algae in the trough containing the
trays with juvenile mussels and in the drum and were used to
recirculate water from the drum to the trough. Juvenile mussels
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were placed in PVC trays (0.2 m by 1.2 m by 20 mm; bottom
area about 0.25 m?) containing about 10 mm of course sand
and silt substrate. Algal rations were added to the trough
through an algal recirculating system. Similar types of juvenile
mussel systems using electrical pumps to recirculate water
were described by O’Beirn et al (1998) (26), Jones and Neves
(2002) (99).

10.6.3.7 Jones and Neves (2002) (99) also described a static
system for culturing juvenile mussels in 6 cm square and 5 cm
deep plastic containers. Juvenile mussels were placed in
containers containing 50 mL of water, 50 mL of an algal
suspension, and about 0.5 mL of a fine sediment (particle size
<105 um). The sediment was autoclaved to kill predators such
as flatworms and diptera larvae before placement into the
containers (Jones et al 2004) (36). The water, algae, and
sediment were exchanged every 2 d. Better survival of juvenile
Cyprogenia stegaria was observed in the static system com-
pared to a recirculating system; however, the density of algae
in the static system was higher than the algae in the reeircu-
lating system (Jones and Neves 2002) (99).

10.6.3.8 Beaty and Neves (2004) (100) described a flow-
through culture system using matural river water to maintain
newly-transformed juvenile Villosa iriy for about 90 days.
Juvenile mussels were placed in containers partially filled with
sieved river sediment, providing both a food source and some
protection from physical disturbance, Most of the juvenile
mussels were found in a loose, flocculent layer of sediment
brought into the containers by the river water. Survival and
growth of juvenile mussels was best when cultures were started
in June eompared to cultures started in August or September,
perhaps due to warmer temperatures earlier in the summer.

10.6.3.9 USGS (2005a,b) (8, 9) conducted a 28-d feeding
study with 2-month-old juvenile Lampsilis siliquoidea that
compared the influence of varions sources of algae, concentra-
tions of algae, and the presence of sediment on survival or
growth of juvenile mussels, Juvenile mussels were fed threc
species of live algae (Neochloris oleoabundans, Pseudokirch-
neriella subcapitaia (formerly Selenastrum capricornutum), or
Nannochloropsis oculata) at three feeding concentrations or
two combinations of commercial Instant Algae* brand non-
viable microalgae concentrates [Nannochloropsis or a combi-
nation of Nannochloropsis and Shellfish Diet; Reed Maricul-
ture, Campbell, CA]) at three feeding concentrations: (1)
amount recommended by the food providers, (2) two times the
recommended amount, and (3) three times the recommended
amount. The feeding study was conducted in a flow-through
system with about 60-mL additional water added to each
chamber once every 4 h. Juvenile mussels were fed twice a day
right after the addition of the new water. By the end of 28-d
experimelit, the mean survival (n=2) of controls (no-food or
sediment-only) ranged 25 to 35 %. Survival of juvenile mus-
sels fed with various foods at the recommended feeding rates
ranged from 70 to 90 %. Higher feeding rates generally did not
increase the survival of juvenile mussels. The better survival
rates (=85 %) were observed in feeding treatments with the
two microalgae concentrates. The results of this feeding study
indicate that 28-d chronic toxicity tests starting with 2-month-
old juvenile L. siliguoidea might be conducted with a control
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survival of over 80 % using a diluter system and Instant Algae®
brand microalgae concentrates. Survival of Villosa iris was
=85 % in a subsequent 28-d feeding study using this combined
diet of Instant Algae* brand microalgae concentrates (USGS
2005b) (9).

10.6.3.10 Water hardness concentrations ranging from 250
to 350 mg/L (as CaCO;) have been shown to support the
long-term maintenance of juvenile mussels (Bishop et al 2005)
(47). Others have found that water hardness concentrations as
low as 180 mg/l. provide adequate levels of calcium and
magnesium to support juvenile and adult survival (Farris et al
1998) (101). A daily ration of about 30000 cells/ml. of
Neochloris oleoabundans or Nannochlovopsis oculata (small-
eelled species with high lipids) provided adequate nutrition for
survival and growth of juvenile mussels for several weeks or
months (Henley et al 2001 (98), Bishop et al 2005 (47)).
Holding juvenile mussels in recirculating water system pro-
vides a continuons assortment of fine sediments nsed as a food
source and provides more consistent water quality compared to
static systems. Juvenile mussels held in recirculating systems
for several weeks increased in size by 7 to 12-fold from the
newly-transformed juvenile mussels (Milam et al 2000) (60).

10,6.3.11 Hudson and Isom (1984) (56) observed an 18-fold
increase in growth of juvenile Utterbackia imbecillis mussels
held in raceways over a 74-d period using river water supple-
mented with sediment and plankton under static conditions.
Mussels cultured at 30°C exhibited a slight increase in growth
compared to mussels cultured at 23°C. Hudson and McKissick
(1999) (102) raised artificially-transformed juvenile mussels in
a static system for 93 d and observed a 10-fold inerease in
growth in sediment from the Conasauga River, TN. Although
juvenile mussels can survive and grow in static systems, water
should be renewed to reduce waste products or the build up of
bacteria or fungus (Michaelson and Neves 1995 (103), Layzer
et al (1993) (104). Hanlon (2000) (105) reported 82 % survival
of juvenile Lampsilis fasciola held in concrete raceways for 90
d using recirculating water with sediment fines added as a
substrate.

10.6.3.12 Most investigators have observed high mortality
of juvenile mussels about 4 to 6 weeks after transformation (as
reviewed by Kernaghan et al 2005 (5)). As a result of this
problem, the duration of toxicity tests started with newly-
transformed juvenile mussels is less than 14 d, with survival or
growth measured at the end of the exposures (Table Al.4).
Food (mixtures of different species of algae) and sediment have
been added to test chambers, Some investigators have found
that newly-transformed juvenile mussels will survive for at
least 14 d without the addition of food (Table A1.4). The high
mortality of newly-transformed juvenile mussels in toxicity
tests conducted for >14 d is likely related to a lack of an
understanding of the nutritional requirements of mussels at this
life stage (section 10.5.4).

10.6.3.13 Newly-transformed juvenile mussels depend on
pedal-feeding to obtain food (cilia on the foot are used to move
food into the juvenile mussel; see 10.1), Juvenile mussels
gradually begin to use a combination of pedal- and suspension-
feeding to obtain food until the mussels eventually depend on
suspension-feeding to obtain food by abont 6 months in
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laboratory cultures supplied with a silt-clay sediment substrate.
However, in the field, juvenile mussels probably depend on a
combination of suspension-, deposit- and pedal-feeding in
coarser substrates. Research is ongoing to improve culturing
methods for propagation, holding, and feeding of newly-
transformed juvenile mussels (Keller and Zam 1990 (66);
Gatenby et al 1996 (106), 1997 (25); Henley et al 2001 (98),
Jones and Neves 2002 (99); Jones et al 2004 (36); Bishop et al
2005 (47)). Once developed, these culturing methods should
help to refine methods for conducting chronic exposures with
juvenile mussels,

10.6,3.14 Valenti et al (2005) (107) conducted toxicity tests
starting with 2-month-old juvenile mussels of Vitlosa iris and
observed control survival >90 % in 21-d exposures. Juvenile
mussels were held in a small amount of sediment and were fed
algae (Neochloris) and survival and growth were the endpoints.
USGS (2005a,b) (8, 9) and Bringolf et al (2005) (108)
conducted toxicity tests starting with 2- to 4-month old juvenile
Actinonaias ligamentina, Lampsilis siliguoidea or Villosa iris
and observed control survival >88 % in 21- to 28-d exposures
when algae was used as a food source (Table A1.4). The size of
the algal cells used to feed the juvenile mussels should meet the
dietary requirements of the species (for example, usually <10
um; Gatenby et al 2003 (94)), but can be species specific. The
algae should be high in polyunsaturated fats (Gatenby et al
2003) (94). Addition of a small amount of sediment substrate
improves survival and growth of some species of newly-
transformed juvenile mussels (Neves 2004) (3).

10.7 Disease Treannent:

10.7.1 Whenever adult mussels are brought into a facility,
thesc organisms should bc quarantined until use for 14 d or
until these organisms appear free of disease and a record of the
general health of the mussels should be made at least weekly.
If a group of mussels is severely diseased, it is often best to
destroy the entire group immediately. Although little is known
about diseases of freshwater mussels inhabiting North
America, there is a potential for pathogen transmission among
mussels and fish (Cope et al 2004) (76). Disease transmission
between mussels and fish may be particularly problematic
when mussel culturing facilities are co-located with fish
hatcheries. Cope et al (2004) (76) recommend establishing a
pathogen and disease monitoring plan for adult mussels similar
to approaches used for hatchery-reared fish. For cxample,
Newton et al (2001) (109) certified that adult mussels collected
from the upper Mississippi River were free of bacterial and
viral agents based on inspections conducted by the U.S. Fish
and Wildlife Service Fish Disease Control Center in Onalaska,
WL

10.7.2 Zimmerman et al (2003) (110) described a procedure
for control of predatory flatworms in culturing juvenile mus-
sels. Newly-transformed juvenile mussels did not survive in
concentrations of formalin required to kill flatworms. There-
fore, Zimmerman et al (2003) (110) recommend treatment of
host fish with formalin before thesc fish are used to transform
mussels,

10.7.3 Adult mussels collected from the field should be
inspected for thc presence of zebra mussels (Dreissena poly-
morpha). Soft brushes should be used to remove attached zebra
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mussels, The adult mussels should be held in a quarantined
area for at least one month to determine whether additional
zebra mussels are present (Gatenby et al 2000 (94), Newton et
al 2001 (109}, Cope et al 2004 (76)). The equipment used in
mussel cultures suspected to be infested with D. polymorpha
should be treated with 25 to 250 mg/L hypochlorite and
efftuent water from the mussel cultures should treated to a
concentration of at least 5 mg/L hypochlorite. Additional
guidance on handling or control of zebra mussels is describe in:

(1) Gatenby et al (1999b, 2000) (111, 81), Newton et al
2001 (109) and Cope et al (2004) (76)

(2) hitp://sgnis.org/publicat/papers/zmr_2_06.pdf

(3) http://nas.er.usgs.gov/zebra.mussel/

{4) http://www.clo2.com/reading/Subject_Papers/
zebra-mussel-control.htm

{5) http://fag.ansc.purdue.edw/EXOQTICSP/732_articles_
related_to_ZM.htm

10.8 Acclimation—Section Al.4.2,2 provides information
of acclimation of test organisms before the start of a toxicity
test.
10.9 Quatity—Section 11 provides information on quality

assurance and quality control for the culture and testing of test
organisms,

11. Quality Assurance and Quality Control

11.1 introduction:

11.1.1 Developing and maintaining a laboratory Quality
Assurance (QA) program requires an ongoing commitment by
laboratory management and also includes the following: (7)
appointment of a laboratory quality assurance officer with the
responsibility and authority to develop and maintain a QA
program, (2) preparation of a Quality Assurance Project Plan
with Data Quality Objectives, (3) preparation of written
descriptions of laboratory Standard Operating Procedures
(SOPs) for test organism culturing, testing, instrument calibra-
tion, samplc chain-of-custody, laboratory samplc tracking sys-
tem, and (4) provision of adequate, qualified technical staff and
suitable space and equipment to ensure reliable data (Guide
E 1391).

11.1,2 Quality Assurance (QA) practices within a testing
laboratory should address all activities that affect the quality of
the final data, such as: (/) sample sampling and handling, (2)
the source and condition of the test organisms, (3} condition
and operation of cquipment, (4) test conditions, (5) instrument
calibration, (6) replication, (7) use of reference toxicants, (8)
record keeping, and (9) data evaluation.

11,1.3 Quality Control (QC) practices, on the other hand,
consist of the morc focused, routine, day-to-day activities
carried out within the scope of the overall QA program, For
more detailed discussion of quality assurance, and general
guidance on good laboratory practices related to testing, see
Guide E 1391 and Test Method E 1706).

112 Performance-based Criteria:

11.2.1 The USEPA Environmental Monitoring Management
Council (EMMC) recommended the use of performance-based
methods in developing standards for chemical analytical meth-
ods (Test Method E 1706). Performance-based mcthods were
defined by EMMC as a monitoring approach which permits the
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use of appropriate methods that meet preestablished demon-
strated performance standards, Minimum required elements of
performance, such as precision, reproducibility, bias, sensitiv-
ity, and detection limits should be specified and the method
should be demonstrated to meef the performance standards.

11.2.2 No single method is required for collection or culture
of mussels used conduct a toxicity test. Success of a test relies
on the health of the culture from which organisms are taken for
testing. Having healthy orpanisms of known quality and age
for testing is the key consideration relative to culture methods.
Therefore, a performance-based criteria approach is the pre-
ferred method through which individual laboratories can evalu-
ate culture health rather than requiring all laboratories to use
the same culturing procedure. Performance-based criteria are
used in ASTM standards dealing with toxicity testing to allow
eaeh laboratory to optimize culture methods while providing
organisms that produce reliable and comparable.test results (for
example, Test Methods E 1367 and E 1706). See Table A1.3
and Table A1.5 in Annex Al for a listing of performance
criteria for culturing and testing of organisms.

11.3 Facilities, Equipment, and Test Chambers:

11.3.1 Separate areas must be maintained for eulturing and
testing organisms to avoid loss of cultures becawse of cross-
contamination. Ventilation systems should be designed and
operated to prevent recirculation or leakage of air from
chemieal analysis laboratories or sample storage and prepara-
tion areas into organism culturing or toxicity testing areas, and
from toxicity testing laboratories and sample preparation areas
into culture areas.

11.3.2 Equipment for temperature eontrol should be ad-
equate to maintain recommended test-water temperatures.
Recommended materials should be used in the fabrication of
the test equipment which comes in contaet with the dilution
water (that is, water or sediment).

11.3.3 Before a toxicity test is conducted in a new facility,
a “non-contaminant” test should be conducted in which all test
chambers contain control water. This information is used to
demonstrate that the facility, control water, and handling
procedures provide acceptable responses of test organisms.

11.3.4 Water—Quality of water ased for organism culturing
and testing is extremely important. Water used to conduct
toxicity tests and water ased to culture organisms should be
uniform in quality. Acceptable water should allow satisfactory
survival or growth of the test organisms. Organisms should not
show signs of disease or apparent stress (for example, diseol-
oration, unusual behavior). See Section 8 for additional details.

11.4 Test Conditions—Temperatures should be maintained
within the limits speeified for each test. Dissolved oxygen,
alkalinity, water hardness, conductivity, ammonia, and pH in
toxicity tests should be checked in accordance with Annex Al.

11.5 Quality of Test Organisins:

11.5.1 Test organisms should appear healthy, behave nor-
mally, and have low mortality in cultures, during holding, and
in test eontrols (for example, <20 % for 48 h before the start of
a javenile mussel toxicity test),

11.5.2 Subsamples of each batch of test organisms used in
toxicity tests should be evaluated using a reference toxicant
(for example, NaCl or CaSO,, see 164), Data from these

reference-toxicant tests can be used to assess genetic strain or
life-stage sensitivity of test organisms to select chemicals,

11.5.3 All organisms in a test must be from the same source.
The supplier of organisms should also certify the species
identification of the organisms, and provide the taxonomic
references, or name(s) of the taxonomic expert(s) consulted.

11.6 Quality of Food—Problems with the nutritional suit-
ability of the food will be reflected in the survival or growth of
the test organisms in cultures or in toxicity tests.

11.7 Test Acceptability—Table Al.3 and Table Al5 in
Annex Al outline requirements for aceeptability of tests. An
individual test may be conditionally aceeptable if temperature,
dissolved oxygen, and other specified eonditions fall outside
specifications, depending on the degree of the departure and
the objectives of the toxicity test (see test condition summaries
in Table Al.1 and Table A1.4). The acceptability of a test will
depend on the experienee and professional judgment of the
laboratory analyst and the reviewing staff of the regulatory
authority. Any deviation from test specifications should be
noted when reporting data from a test.

11.8 Analytical Methods:

11.8.1 All routine chemical and physical analyses for cul-
ture and testing water, food, and sediment should include
established quality assurance practices (Guide E 1391).

11.8.2 Reagent containers should be dated when received
from the supplier and the shelf life of the reagent should not be
exceeded. Working solutions should be dated when prepared
and the recommended shelf life should not be exceeded.

11.9 Calibration and Standardization:

11.9.1 Instruments used for routine measurements of chemi-
cal and physical characteristics such as pH, dissolved oxygen,
temperature, and conductivity should be calibrated before use
each day aecording to the instrument manufacturet’s proce-
dures as indieated in the general section on quality assurance
(see Test Method E 1706 for a listing of USEPA Methods)
Calibration data should be recorded in a permanent log.

11.9.2 Known-quality water should be included in the
analyses of each batch of water samples (for example, water
hardness, alkalinity, conductivity). It is desirable to inelude
eertified standards in the analysis of water samples.

11.10 Replication and Test Sensitiviy—Sensitivity of tox-
icity tests will depend in part on the number of replicates/
treatment, the significance level selected, and the type of
statistical analysis. If the variability remains constant, the
sensitivity of a test will inercase as the number of replicates is
increased. The minimum recommended number of replicates
varies with the objectives of the test and the statistical method
used for analysis of the data (Section 14).

11.11 Demonstrating Acceptable Performance;

11.11.1 Before conducting tests with chemicals of interest,
it is strongly recommended that the laboratory condact the
toxicity test with control water alone. Results of these prelimi-
nary studies should be used to determine if the use of the
eontrol water and other test conditions result in acceptable
performance in the toxicity test as outlined in Annex A1,

11.11.2 Section 16.4 provides a summary of technigaes to
evaluate acceptable laboratory performance (for example,
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reference-toxicity tests, variance associated with intra-
laboratory toxicity tests, variance associated with inter-
laboratory toxicity tests). Subsamples of each batch of test
organisms used in toxicity tests should be evaluated using a
reference toxicant (for example, NaCl or CuSO,, see 16.4).
11.12 Record Keeping—Section 14.1 outlines recommenda-
tions for recorded keeping (that is, data files, chain-of custody).

12. Experimental Design

12.1 Decisions concerning such aspects of experimental
design as the dilution factor, number of treatments, and
numbers of test chambers and erganisms per treatment should
be based on the purpose of the tcst and the type of procedure
that is to be used to calculate results (Section 14). One of the
following two types of experimental design will probably be
appropriate in most cases.

12.1.1 A toxicity test intended to allow calculation of an
LC50, EC50, IC50, NOEC, or LOEC usually consists of one or
more control treatments and a geometric series of at least five
concentrations of test material. In the dilution-water or solvent
control(s), or both (section 9.3), organisms are exposed to
dilution watcr to which no test material has been added. Except
for the control(s) and the highest concentration, each concen-
tration should be at least 50 to 60 % of the next higher one,
unless information concerning the concentration-effect curve
indicates that a different dilution factor is more appropriate. At
a dilution factor of 0.5 to 0.6, five properly chosen concentra-
tions will often provide LC50s, EC50s, TC50s, NOECs, and
LOECs for several durations (Annex A1) and are a reasonable
compromise between cost and the risk of all concentrations
being either too high or too low. If the estimate of toxicity is
particularly uncertain (section 9.3), six or seven concentrations
might be desirable, If it is desirable to provide extensive
information concerning the dependence of adverse effects on
time or concentration, or both, seven or more appropriately
spaced concentrations might be desirable to cover the range
from effects on almost all organisms at quite short times to
effects on few organisms at quite long time.

12.1.2 If it is only necessary to determine (a} whether a
specific concentration is acutely toxic to the test species or (b)
whether the LC50, EC50, or IC50 is above or below a specific
concentration (section 9.3), only that concentration and the
control(s) are necessary. Two additional concentrations at
about one half and two times the specific concentration of
concern are desirable to increase confidence in the results.

12.1.3 If an endpoint near the extremes of toxicity, such as
an LC5 or LC95, is to be calculated, at least one concentration
of test material should have killed or affected a percentage of
test organisms, other than 0 or 100 %, near the percentagc for
which the LC, EC, or IC is to be calculated. This requirement
might be met in a test to determine an LC50, EC50, or IC50,
but a special test with appropriate test concentrations and more
test organisms per treatment will usually be necessary.

12,2 The primary focus of the physical and experimental
design of the test and the statistical analysis of the data is the
experimental unit, which is defined as the smallest physical
entity to which treatments can be independently assigned.
Because test solution ean flow from one compartment to
another, but not from one test chamber to another (section 6.5),

the test chamber is the experimental unit. As the number of test
chambers (that is, experimental units) per treatment increases,
the number of degrees of freedom increases and, therefore, the
width of the confidence interval on a point estimate decreases
and the power of a hypothesis test increases. With respect to
factors that might affect results within the test chambers and
the results of the test, all chambers in the test should be treated
as similarly as practical, For example, the temperature in all
test chambers should be as similar as practical unless the
purposc of the test is to study the effect of temperature, Test
chambers are usuvally arranged in one or more rows. Treatments
must b randemly assigned to individval test chamber locations
and may be randomly reassigned during the test. A randomized
block design (with each treatment being present in each block,
which may be a row or a rectangle) is preferable 1o a
completely randomized design.

12,3 The minimum desirable number of test chambers and
organisms per treatment should be calculated from (a) the
expected variance within test chambers, (b} the expected
variance between test chambers within a treatment, and (¢) the
maximum acceptable width of the confidence interval on the
LC50, EC50, or IC50 (Guide E 729). Organisms in each
treatment should be divided between two or more test cham-
bers in order to allow estimation of experimental variation. If
the controls are important in the calculation of results, such as
because of correction for spontaneous mortality using Abboit’s
formula or because the results are calculated as a percent
reduction from the contrels, it might be desirable to use more
test chambers and test organisms for the control treatment(s)
than for each of the other treatments (Guide E 729).

12.4 The shape of the concentration-effect curve is critical
for the determination of time-independent toxicity levels, and
observations of dead and affected organisms should be with
sufficient frequency to facilitate the estimation of a time-
independent value, either directly or mathematically. Depend-
ing on the objectives of the test, a design should be selected
that includes sufficient observations to determine the desired
endpoint. If regulatory or cost factors are a consideration,
observations may be made in acute toxicity tests at 24, 48, and
96 h or as stipulated by the regulatory guideline, Depending on
the shape of the toxicity curve, more observations will typi-
cally be desirable (for example, 3, 6, 12, and 24 h and twice
daily thereafter) to provide a sound measurement of a time-
independent toxicity value. For chronic toxicity tests, ideally,
survival should be measured weekly during the exposures. It is
desirable to repeut the test at a later time to obtain information
concerning the reproducibility of the results.

13. Analytical Methodology

13.1 If samples of dilution water, stock solutions, or test
solutions cannot be analyzed immediately, the samples should
be handled and stored to minimize loss of test material by
microbial degradation, hydrolysis, oxidation, photolysis, re-
duction, sorption, and volatilization.

13.2 Chemical and physical data should be obtained using
appropriate ASTM standards whenever possible. For those
measurements for which ASTM standards do not exist or are
not sensitive enough, methods should be obtained from other
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reliable sourees (Guide E 729), The concentration of un-
ionized ammonia may be calculated from the pH, temperature,
and coneentration of total ammonia (Guide E 729).

13.3 Methods used to analyze food or test organisms for
chemicals of interest should be obtained from appropriate
sources (Guide E 729).

13.4 The precision and bias of each analytical method used
should be determined in an appropriate matrix, for example, in
water samples from a control test chamber or brood-stock tank,
in food, and in test organisms. When appropriate, reagent
blanks, recoveries, and standards should be included whenever
samples are analyzed.

14, Calculation of Results

14.1 Data Recording—Quality assurance project plans with
data quality objectives and standard operating procedures
should be developed before starting a test. Procedures should
be developed by each laboratory to verify and archive data (
Guide E 1391), A file should be maintained for each toxicity
test or group of tests on closely related samples. This file
should contain a record of the sample chain-of-custody; a copy
of the sample log sheet; the original bench sheets for the test
organism responses during the toxicity test(s); chemical analy-
sis data on the sample(s); control data sheets for reference
toxieants; detailed records of the test organisms used in the
test(s), such as species, sonrce, age, date of receipt, and other
pertinent information relating to their history and health;
infermation on the culibration of equipment and instruments;
test eonditions used; and results of reference-toxicant tests.
Original data sheets should be signed and dated by the
laboratory personnel performing the toxicity tests and ar-
chived. Electronic copies of data should also be archived.

14.2 Data Analysis:

14.2.1 Introduction—The goals of statistical analysis are to
summarize, display, quantify, and provide objective yardsticks
for assessing the structure, relations, and anomalies in data
{Guide E 1241). The data display and statistical techniques
most commonly used to achieve these goals are (a) preliminary
and diagnostic graphical displays, (b} pairwise comparison
techniques such as t-tests and 2 by 2 contingency table tests, (¢)
analysis of variance (ANOVA) and corresponding contingency
table tests, {<) multiple comparison techniques for simulta-
neous pairwise comparison of other treatment gronps with
control groups, (¢) concentration-effect curve analyses, and (f)
multiple regression. If used correctly, each of these techniques
can provide useful information about the results of an accept-
able toxicity test, The three kinds of data that can be obtained
from toxicity tests are dichotomous or categorical (for ex-
ample, mortality), and continuous (for example, length or
weight), Statistical methods for analyzing dichotomous and
other categorical data are directly analogons to those for
analyzing count and continuous data. However, for technical
reasons and because they arose from different application
areas, different terminologies and computing tools were devel-
oped for analyzing the three kinds of data.

14.2.2 Endpoint—The endpoint determined in toxicity tests
generally has been defined in terms of whether differences
from control organisms are statistically significant at the 5 %
level (that is, analysis of variance followed by mean separa-

tion; Guide [ 1241). One of the main coneeptual problems
with sueh a definition of the endpoint is that the notions of
biological importanee and statistical significance are logically
distinct. Effeets of considerable biological importance might
not be statistically significant if sample sizes are small or if
effects are extremely variable or both. Conversely, biologically
trivial effects might be highly statistically significant if sample
sizes are large or elfects are very reproducible. An endpoint
based solely on statistical significance might depend as much
or more on sample sizes as on the magnitudes of the effeets. An
alternative is to define the endpoint in terms of a specified
absolute or relative amount of difference in a biological
atiribute from the conirol treatment(s). A regression-type
model would be fitted to the data and the econcentration
associated with a specified amount of difference from the
control] treatment(s) would be estimated using the model, For
example, the coneentration resulting in a speeified percent
decrease in survival or shell length might be estimated along
with confidence limits on the estimated concentration. The
result of a toxicity test wonld then be reported as a point
estimate, preferably with confidence limits, of the concentra-
tion expected to cause an amount of effect that had been
pre-selected as being biologically unacceptable.

14.22.1 In general, an endpoint defined in terms of a
statistically significant difference is calculated using analysis of
variance, contingency tables, or other hypothesis testing pro-
cedures, An endpoint defined in terms of a specified amount of
effect is calculated using regression analysis, concentration-
effect curve analysis, and other point estimation procedures.
Regardless of the procedure nsed, sufficient data should be
presented in reports to permit calculation of endpoints other
than those chosen by the investigator and to ullow other uses,
such as modeling,

14.2.3 For each set of data the LC50, EC50, IC50 and its
95 % confidence limits or NOEC and LOEC should be
calculated on the basis of (@) the measured initial concentra-
tions of test material, if available, or the calculated initial
concentrations for static tests, and () the average measured
concentrations of test material, if available, or the calculated
average concentrations for flow-through tests, If other LCs,
ECs, or ICs are calculated, their 95 % confidence limits should
also be calculated (Guide E 729, Guide E 1241).

14.2.4 Most acute toxicity tests produce quantal or dichoto-
mous data, that is, counts of the number of organisms in two
mutually exclusive categories, such as alive or dead. A variety
of methods summarized in Guide E 729 and Test Method
E 1706 can be used to calculate an LCS50 or EC50 and its 95 %
confidence limits from a set of quantal data that is binomially
distributed and contains two or more concentrations at which
the percent dead or affected is between 0 and 100, The method
used should appropriately take into account the number of test
chambers per treatment and the nnmber of test organisms per
chamber. When fewer than two concentrations kill or affect
between 0 and 100 %, the binomial test can usually be used to
obtain statistically sound information about the LC50 or EC50.
The binomial test does not provide a point estimate of the
LC50 or EC50, but it does provide a range within which the
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LCS50 or EC50 should lie. If desired, an interpolation procedure
may be used to obtain an approximate LC50 or EC50.

14.2.5 Although they generally require more effort to ob-
tain, quantitative data on individual organisms, such as time-
to-death or shell length, eontain more information per organ-
ism than do quantal data. Quantitative data can usually be
analyzed to calculate an 1IC50. For each test chamber in each
treatment other than the control treatment(s), the percent
inhibition (%I} should uvsually be calculated as follows:

% = 100(M ~ X)/ M o))
where:
M = average value for the control test chambers, and
X = value for a test chamber in any other treatment,

14,2.5.1 The %I for each test chamber should be plotted
against the corresponding concentration of test material after
transformation of %/ or concentration, or both, if appropriate.
The IC50 ean then be obtained from a line of best fit by
determining the concentration eorresponding to 9%/ = 50. If
possible, the 95 % confidence limits on the TC50 should be
calculated, appropriately taking into account the number of test
chambers per treatment, the number of test organisms exposed
in each chamber, the range of concentrations tested, and the
variance within each treatment, especially in the controls.
Alternatively, an appropriate linear or nonlinear inverse regres-
sion technique can be used to calculate the IC50 and its 95 %
confidence limits (Guide E729). If the percent inhibition
covers an appropriate range, such as at least 37 to 63 %, a
variety of regression models will usually give nearly the same
1C50 from a set of data. However, only the correct model,
which is not known to be available at this time, will appropri-
ately take into account the variance between the test chambers
in the control treatment(s) and give the cormrect confidence
limits.

14.2.6 The values for X may be plotted against the corre-
sponding concentrations of test material, after transformation
of X or concentration, or both, if appropriate, and the IC50
determined by graphical or statistical interpolation to the
concentration of test material at which a line of best fit = M/2.

14.2.7 An endpoint near an extreme of toxicity, such as an
LC5 or LC95, should not be calculated unless at least one
concentration of test material killed or affected a percentage of
test organisms, other than 0 or 100 %, near the percentage for
whieh the 1.C, EC, or IC is to be ealculated. Other ways of
providing information concerning the extremes of toxicity are
to report the highest concentration of test material that actually
killed or affected no greater a percentage of the test organisms
than did the control treatment(s) or to report the lowest
concentration of test material that actually killed or aftected all
test organisms exposed to it. These alternatives are usually
more reliable than reporting a ealculated result such as an LC5
or 1.C95 unless several percent killed or affected were obtained
close to 5 or 95 %.

14.2.8 It might be desirable to perform a hypothesis test to
determine which of the tested concentrations of test material
killed or affected a statistically significant number of the
exposed organisms. If a hypothesis test is to be performed, the
data should first be examined using appropriate outlier detec-
tion procedures and tests of heterogeneity. Then a pair wise

eomparison technique, contingency table test, analysis of
variance, or multiple comparison procedure appropriate to the
experimental design should be used. Presentation of results of
each hypothesis test should inelude the test statistic and its
corresponding significance level, the minimum detectable dif-
ference, and the power of the test. See Guide E 1241, Practice
E 1847, and Test Method E 1706 for additional detail on
hypothesis testing.

15, Report

15.1 The record of the results of an acceptable toxicity test
should include the following information either directly or by
referencing available documents:

15.1.1 Name of test and investigator(s), name and location
of laboratory, and dates of start and end of test.

15.1.2 For sediment testing, source of control or test sedi-
ment, method for collection, handling, shipping, storage, and
disposal of sediment.

15.1.3 Source of test material, lot number if applicable,
composition (identities and concentrations of major ingredients
and impurities if known), known chemical and physical prop-
erties, and the identity and concentration(s) of any solvent
used.

15.1.4 Source and characteristics of dilution water, descrip-
tion of any pretreatment, and results of any demonstration of
the ability of an organism to survive or grow in the water.

15.1.5 Source, history, and age of test organisms; culture
procedures; and source and date of collection of organisms
from the field, scientific name, name of person who identified
the organisms and the taxonomic key used, age or life stage,
means and ranges of shell length, observed diseases or nnusual
appearance, treatments, holding, and acclimation procedures.

15.1.6 Source and composition of food, concentrations of
test material and other contaminants, procedure used to prepare
food, feeding methods, frequency, and ration.

15.1.7 Description of the experimental design and test
chambers, volume water in the chambers, lighting, number of
test chambers and number of test organisms/treatment, date
and time test starts and ends, temperature measurements,
dissolved oxygen concentration (as percent saturation), and
any aeration used before starting a test and during the conduct
of a test.

15.1.8 Methods used for physical and chemical character-
ization of water or sediment samples.

15.1.9 Definition(s) of the effects used to calculate LC50 or
EC50s, biologieal endpoints for tests, and a summary of
general observations of other effects.

15.1.10 Methods used for statistical analyses of data: (a)
summary statistics of the transformed or raw data as applicable
(for example, mean, standard deviation, coeflicient of varia-
tion, precision and bias); () hypothesis testing (raw data,
transformed data, null hypothesis, alternate hypothesis, target
Type I and II error rates, statistics used (inclnding calculation
of test statistic)), decision rule used (for example, approach
used to establish the rejection of the null hypothesis), calcu-
lated test statistic and decision rule result, achieved Type I and
11 error rates (for some discrete tests, achieved error rates only
approximate the target rates); (c) results of regression analyses
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(parameters of regression fit, uncertainty limits on the regres-
sion parameters, correlation coefficient).

15.1.11 Summary of general observations on other effects or
symptoms.

15.1.12 Anything unusual about the test, any deviation from
these procedures, and any other relevant information.

15.2 Published reports should contain enough information
to clearly identify the methodology used and the quality of the
results,

16. Precision and Bias

16.1 Determining Precision and Bigs:

16.1.1 Precision is a term that describes the degree to which
data generated from replicate measurements differ and reflects
the closeness of agreement between randomly selected test
results. Bias is the difference between the value of the
measured data and the true value and is the closeness of
agreement between an observed value and an accepted refer-
ence value (Practices E 177 and E 691). Quantitative determi-
nation of precision and bias in toxicity lesting of aquatic
organisms is difficult or may be impossible in some cases, as
compared to analytical (chemical) determinations. This is due,
in part, to the many unknown variables which affect organism
response. Determining the bias of a toxicity test using field
samples is not possible since the true values are not known.
Since there is no acceptable reference material suitable for
determining the bias of toxicity tests, bias of the procedures
described in this standard has not been determined (section
16.2),

16.1.2 Toxicity tests exhibit variability due to scveral fac-
tors. Test variability can be described in terms of two types of
precision, either single laboratory (intra-laboratory or repeat-
ability; see 16.5.1) precision or multi-laboratory (inter-
laboratory or reproducibility; see 16.5,2) precision (also re-
ferred to as round-robin or ring tests). Intra-laboratory
precision reflects the ability of trained laboratory personnel to
obtain consistent results repeatedly when performing the same
test on the same organism using the same (oxicant. Inter-
laboratory precision is a measure of how reproducible a
method is when conducted by a large number of laboratories
using the same method, organism, and toxic sample. Generally,
intra-laboratory results are less variable than inter-laboratory
results (Test Method E 1706).

16.1.3 A measure of precision can be calculated using the
mean and relative standard deviation, or percent coefficient of
variation (CV % = standard deviation/mean X 100) of the
calculated endpoints from the replicated endpoints of a test.
However, precision reported as the CV should not be the only
approach used for evaluating precision of tests and should not
be used for the no-observed-effect concentrations (NQECs)
derived from statistical analyses of hypothesis testing. The
CVs may be very high when testing extremely toxic or
nontoxic sammples, For example, if there are multiple replicates
with no survival and one with low survival the CV may exceed
100 %, yet the range of response is actually quite consistent,
Therefore, additional estimates of precision should be used,
such as range of responses and minimum detectable differences
(MDD) compared to control survival or growth (Test Method
E 1706). Several factors can affect the precision of the test,
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including test organism age, condition, sensitivity, handling,
and feeding of the test organisms, overlying water quality, and
the experience in conducting tests. For these reasons, it is
recommended that trained laboratory personnel conduct the
toxicity tests in accordance with the procedures outlined in
Annex Al. Quality assurance practices should include: (a)
single laboratory precision determinations that are used to
evaluate the ability of the laboratory personnel to obtain
precise results using reference toxicants for each of the test
orpanisms and (k) preparation of control charts (Figure 16 in
Test Method E 1706) for each reference toxicant and test
organism. The single laboratory precision determinations
should be made before conducting routine toxicity tests.

16.1.4 Intra-laboratory precision data are routinely calcu-
lated for test organisms using water-only acute exposures to a
reference toxicant such as NaCl or CuSQ,. Intra-laboratory
precision data should be tracked using a control chart. Each
laboratory’s reference-toxicant data will reflect conditions
unique to that facility, including dilution water, culturing, and
other variables (Section 11). However, each laboratory’s ref-
erence toxicant CVs should reflect good repeatability.

16.1.5 Results of one intra-laboratory toxicity study and one
inter-laboratory (round-robin) study using 24 and 48-h toxicity
tests with glochidia and 48 and 96-h toxicity tests with juvenile
mussels are reported in section 16.5.

16.2 Bias—Bias of toxicity tests cannot be determined since
there is no acceptable reference material. The bias of the
reference-toxicant tests can only be evaluated by comparing
test responses to control charts.

16.3 Replication and Test Sensitivity—Sensitivity of toxic-
ity tests will depend in part on the number of replicates per
concentration, the probability levels (alpha and beta), and the
type of statistical analysis. For a specific level of variability, the
sensitivity of the test will increase as the number of replicates
is increased. The minimum recommended number of replicates
varies with the obiectives of the test and the statistical method
used for analysis of the data (Section 14),

16.4 Demonstrating Acceptable Laboratory Performance:

16.4.1 Subsamples of each batch of test organisms nsed in
toxicity tests should be evaluated using a reference toxicant
(for example, NaCl or CuSQ,). Bringolf et al (2005} (108)
reported 24-h EC50s ranging from 0.55 to 3.3 g NaCl/L for
glochidia of five species of mussels and 96-h EC50s ranging
from 4.0 to 6.3 g NaCV/L for 5 species of juvenile mussels in
reference-toxicity tests. USGS (2005b) reported 24-h EC50s
ranging from 10 to >100 pg Cu/L for glochidia of 11 species of
mussels and 96-h EC50s ranging from 6.8 to 60 pg Cu /L. for
7 species of juvenile mussels in reference-toxicity tests (hard-
ness 170 mg/L. as CaCQ,). Test conditions for conducting
reference toxicity tests should follow the recommended con-
ditions for conducting toxicity tests with glochidia outlined in
Table Al.l and with juvenile mussels outlined in Table Al.4.

16.4.2 Intra-laboratory precision, expressed as a coeflicient
of variation (CV), of the range for each type of test to be used
in a laboratory can be determined by performing multiple
toxicity tests with different batches of test organisms, using the
same reference toxicant, at the same concentrations, with the
same test conditions (for example, the same test duration, type
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of water, age of test organisms, feeding), and same data
analysis methods, A reference-toxicant concentration series
(0.5 or higher) should be selected that will consistently provide
partial mortalities at two or more concentrations of the test
chemical.

16.4.3 A control chart can be prepared for each combination
of reference toxicant and test organism. Each control ehart
should include the most current data. Endpoints from five tests
are adequate for establishing the control charts. In this tech-
nigue, a running plot is maintained for the values (X)) from
successive tests with a given reference toxicant (Figure 16 in
Test Method E 1706), and the endpoint (LC50, NOEC, ICp)
are examined to determine if these endpoints are within
prescribed limits. Control charts as described in Test Method
E 1706 are used to evaluate the cumulative trend of results
from a series of samples. The mean and upper and lower
control Jimits {(*2 SD) are recalculated with each successive
test result.

16.4.4 The outliers, which are values falling outside the
upper and lower control limits, and trends of increasing or
decreasing sensitivity, are readily identified vsing control
charts. With an alpha of 0,05, one in 20 tests would be expected
to fall outside of the control limits by chance nlone. 1f 2 of 20
reference-toxicant tests fall outside the control limits, the
toxicity tests conducted during the time in which the second
reference-toxicant test failed are suspect, and should be con-
sidered as provisional and subject to careful review.,

164.5 A toxicity test may be acceptable if specified condi-
tions of a reference-toxicant test fall outside the expected
ranges. Specifically, a toxicity test should not be judged
unacceptable if the LC50 for a given reference-toxicant test
falls outside the expected range or if control survival in the
reference-toxicant test is less that the acceptability requirement
outlined in Annex Al. All the performance criteria outlined in
Annex Al should be considered when determining the accept-
ability of a toxicity test. The acceptability of the toxicity test
would depend on the experience and judgment of the investi-
gator and the regulatory authority,

16.4.6 If the valve from a given test with the reference
toxicant falls more than two standard deviation (SD) outside
the expected range, the sensitivity of the organisms and the
overall credibility of the test system may be suspect (Test
Method E 1706). In this case, the test procedure should be
examined for defects and should be repeated with a difterent
batch of test organisms.

16.4.7 Performance should improve with experience, and
the control limits for point estimates should gradually narrow.

However, control limits of 2 SD, by definition, will be
exceeded 5 % of the time, regardless of how well a laboratory
performs, Highly proficient laboratories which develop a very
narrow control limit may be unfairly penalized if a test which
falls just outside the control limits is rejected de facto. For this
reason, the width of the control limits should be considered in
determining whether or not an outlier is to be rejected. This
determination should be made by the regulatory authority
evaluating the data.

16.4.8 The recommended reference-toxicant test consists of
a control and five or more concentrations in which the endpoint
is an estimate of the toxicant concentration which is Iethal to
50 % of the test organisms in the time period prescribed by the
test, The LC50 is determined by an appropriate procedure, such
as the trimmed Spearman-Karber Method, Probit Method,
Graphical Method, or the Linear lnterpolation Method (Section
14 and Test Method E 1706).

16.4.9 The point estimation unalysis methods recommended
in this standard have been chosen primarily because point
estimates are well-tested, well-documented, and are applicable
to most types of test data, Many other methods were consid-
ered in the selection process, and it is recognized that the
methods selected are not the only possible methods of analysis
for toxicity data.

16,5 Precision of Toxicity Tests Conducted with Glochidia
or Juvenile Mussels:

16.5.1 Intra-laboratory Precision—Table 3 summarizes the
results of intra-laboratory toxicity tests condueted with
gloehidia of Actinonaias ligamentina and Lampsilis silig-
uoidea (USGS 2004) (112) and juvenile mussels of L. silig-
uoidea (USGS 2005b (9)). Test conditions for conducting the
toxicity tests with glochidia were in aceordance with the
recommended test conditions outlined in Table Al.1 and all of
the toxieity tests met the test acceptability requirements out-
lined in Table A1.3 (112). The dilution water was reconstituted
hard water (160-180 mg/L us CaCQ,; Guide E 729). Survival
of glochidia (based on valve closure in response to a solution
of NaCl) was measured at 24 and 48 h. Suorvival of juvenile
mussels (based on movement of the foot) was measured at 48
and 96 h. The variability of EC50s for glochidia toxicity tests
conducted with copper, ammonia, or chlotine over two expo-
sure periods, expressed as the coefficient of variation (CV),
ranged between 13 and 36 % for toxicity tests conducted with
glochidia of A. ligamentina and between 15 and 38 % for
toxicity tests conducted with glochidia of L. siliguoidea (Table
3). The variability of EC50s for toxicity tests conducted with
juvenile mussels and copper at 48 and 96 h, expressed as the

TABLE 3 Intra-laboratory Preclsion of EC50s {(expressed as the Coefficient of Variation; CV) from Toxiclty Tests with Glochldia or
Juveniles of Actinonalas ligamentina or Lampsllis slliquoldea (USGS 2004, 2005b ) (8)}112)

er (pg/L Ammonia (mg NIL)* hlorine
Test Qrganism Lite %Xpﬂslure Copper (pgil) (mg NIL) c Giol)
Stage uratlon N EC50 CV{%) N EC50 CV(%) N EC50 CV(%%)

A. ligamentina Gloehldia 24 h 4 53 25 4 8 25 3 21 17
A. ligameniina Glochidle 48 h 4 26 22 4 5 36 3 47 13
L. siiquoldea Glochidia 24 h 6 35 18 5 13 20 5 77 27
L. slifquoidea Qlochidia 48 h 6 23 25 5 11 20 5 66 33
L. slliquoidea Juvenile 48 h 4 40 26

L. slllquoides Juvenile 6 h 4 22 13

A At about pH 8,3

30
Copyright by ASTM Int'l {all rights reserved); Mon Sep 18 14:00:33 EDT 2006
Reproduction authorized per License Agreement with David Beeson (ENVIRON );



Electronic Filing - Received, Clerk's Office, May 18, 2011
*x***pCB 2011-085 * * * * *

4ilY E 2455 - 06

TABLE 4 Inter-laboratory Precision of EC50s in Copper Toxlcity Tests {(pg Cuw/L and 95 % Confidence Intervals) with Glochidia and
Juveniles of Lampsilis siliquoides (USGS 2004) (112)

Lab ' Glochidla Juvenile

2 24-h ECE0 48-h EC50 48-h EC50 98-h EC50
1. CERC 29 {28-31) 13 (12-14) 29 {23-36) 18 (16-22)
2. NCSU 33 (32-36) 24 (22-25) 48 {40-59) 8 (16-20)
3. 08U 27 (25-20) 26 (24-28) 47 {40-54) 41 {35-47)
4. UMESC 38 (35-41) 21 (20-29) 34 (26-45) 21 {1726}
5. WSLH 32 (31-34) 20 (19-21) 36 (24-54) 19 (12-30)
Mean EC50 (pg/L) 32 21 39 23
SD 4.2 50 8.3 9.9
Coelllcent of variation (%) 13 24 22 42
H/L ECED 14 2.0 1.7 2.3

CV, ranged from 13 to 26% (Table 3). These measures of
intra-laboratory precision were similar to previous measures of
intra-laboratory precision for tests conducted using commonly-
tested species and reference toxicants (i.e., Lewis and Weber
1985, USEPA 1993,113,114).

16.5.2 Inter-laboratory Precision—Table 4 summarizes the
results of an inter-laboratory toxieity test conducted with
glochidia and juvenile mussels of Lampsilis siliquoidea (USGS
2004) (112). Test conditions for conducting the toxicity tests
with glochidia were in accordance with the recommended test
conditions outlined in Table Al.l1 and test conditions for
conducting the toxicity tests with juvenile mussels were in
accordance with the recommended test conditions outlined in
Table Al.4. Survival of glochidia (based on valve closure in
response to a solution of NaCl) was mcasured at 24 and 48 h.
Survival of juvenile mussels {(based on movement of the foot)
was measured at 48 and 96 h. The dilution water was
reconstituted hard water (160-180 mg/L. as CaCO;; Guide
E 729). One laboratory prepared the dilution water, the high
concentration of test water, and supplied each laboratory with
the testing equipment. A separate facility produced the
glochidia (about <24-h old at the start of the toxicity tests) and
juvenile mussels (about 4-d old at the start of the toxicity tests).
Test organisms were shipped overnight at abont 10°C to five
laboratories participating in the inter-laboratory toxicity test.
The testing laboratories included 2 federal faeilities and 3
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university facilities, All of the laboratories met the test accept-
ability requirements outlined in Table Al.3 for glochidia
toxicity tests and met the test acceptability requirements
outlined in Table A1.5 for juvenile mussel toxicity tests (USGS
2004) (112). Control survival across all of the testing labora-
tories was >92 % at 24 and 48 h in the glochidia toxicity tests
and was >05 % at 48 and 96 h in the juvenile toxicity tests, The
variability of EC50s for glochidia, expressed as the CV, was
13 % for the 24-h EC50s and was 24 % for the 48-h EC50s
(Table 4). The variability of EC50s for juvenile mussels,
expressed as the CV, was 22 % for the 48-h EC50s and was
42 9% for the 96-h EC50s (Table 4), The ratio of the high to low
EC50 was less than 2.3 for all of the toxicity tests conducted.
These measures of inter-laboratory precision in glochidia or
juvenile mussel toxicity tests were similar to the variation
reported for previous inter-laboratory studies in water-only
exposures (for example, Lewis and Weber 1985, USEPA 1993
(113,114)) or in sediment exposures, (for example USEPA
2000 (115), Test Method E 1706) using eommonty-tested
organisms.

17. Keywords

17.1 acute toxicity test; bivalve; chronic toxicity test; fresh-
water; gloehidia; juvenile mussels; Margaritiferidae; Marga-
ritiferid mussels, mollusc; mollusk; mussels; sediment; Union-
idae; Unionid mussels; Unionoidea
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ANNEX

{Mandatory Information)

Al. GUIDANCE FOR CONDUCTING WATER-ONLY TOXICITY TESTS WITH EARLY LIFE STAGES OF
FRESHWATER MUSSELS

Al.l Significance

Al.1.1 Many factors are cited as potentially contributing to
the decline of freshwater mussel populations in North America.
Of the nearly 300 taxa of freshwater mussels in North America,
70 species (23 %) are listed as endangered or threatened and
another 40 species (14 %) are candidates for possible listing
(Williams et al 1993 (1); Neves 1997, 2004 (2, 3)). Habitat
alteration, introduction of exotic spccies, over-utilization, dis-
ease, predation and pollution are considered causal or contrib-
uting factors in many areas of the United States (Neves et al
1997) (4). Numerous laboratory toxicity studies have been
conducted with freshwater mussels in an attempt to understand
the role of contaminants in the decline of mussel populations in
the field. Kernaghan et al (2005) (5) provides a review of over
75 toxicity studies conducted with a variety of freshwater
species of mussels and contaminants in laboratories world-
wide. Three critical life stages (glochidia, juvenile mussels,
and adults) have been used in these toxicity assessments.
Toxicity studies are separated according to the medium of
exposure (water, sediment, and host fish; Kernaghan et al 2005
(5)). In these studies, early life stages of mussels of several
species are highly sensitive to some metals and ammonia in
water exposures when compared to many of the most sensitive
species of other invertebrates, fish, or amphibians that are
commonly used to establish U.S, Environmental Protection
Agency Water Quality Criteria (WQC; Augspurper et al 2003
(6), Keller et al 2005 (7); USGS (2005a,b)(8, 9) section 1.5).
Importantly, results of these previous studies indicate WQC for
individual chemicals established for the protection of aquatic
organisms may not be adequately protective of sensitive stages
of freshwater mussels.

Al1.1.2 Short-term 24-h exposures with glochidia may be
useful for screening of chemicals, but response of juvenile
mussels may be more ecologically relevant (Al.4.2,A1.5.2,
and A1.5.3). Use of glochidia to sereen the relative sensitivity
of a particular mussel species to chemicals would be particu-
larly useful when evalvating species where only a limited
number of adult mussels are available for methods develop-
ment or for generating juvenile mussels for toxicity testing.
Moreover, the host fish for some specles of mussels or
techniques for transforming juvenile mussels in the laboratory
may be unknown for some species.

A1.1.3 In the field, mussels may be exposed to contami-
nants in water, sediment, or food. Annex Al only addresses
effects associated with exposure of mussels to contaminants in
water.

Al1.1.4 Sections 12 and Al,5 provide guidance on experi-
mental design of toxicity tests with glochidia or juvenile

mussels. Section A 1.2 provides guidancc for conducting water-
only toxicity tests with glochidia isolated from adult mussels.
Section Al.3 provides puidance for conducting water-only
toxicity tcsts with juvenile mussels. Refinement of these
methods may be described in future versions of this standard
after additional laboratories have used these methods (section
Al35). Resulis of tests using procedures different from the
procedures described in section A1.2 or A1.3 may not be
comparable. Comparisons of results obtained using modified
versions of these procedures might previde useful information
concerning new concepts and procedures for conducting tox-
icity tests with aquatic organisms, If tests are conducted with
procedures different from the procedures described in this
standard, additional tests are required to determine compara-
bility of results (section 1.4).

Al.2 Test Conditions for Conducting Water-only Toxicity
Tests with Glochidia of Freshwater Mussels

Al1,2,1 Test conditions used by investigators to conduct
toxicity tests with glochidia are summarized in Table Al.1l.
Selection of specific test conditions and decisions concerning
the various aspects of expcrimental design, such as the number
of treatments, number of test chambers/treatment, and water-
quality characteristics should be based on the purpose of the
test and the methods of data analysis (Scctions 12 and 16).
When variability remains constant, the statistical sensitivity of
a test increases as the number of replicates increase.

A1.2,2 Table Al.1 also provides a list of recommended test
conditions for conducting toxicity tests with glochidia. The list
of recommended test conditions is based on the various
methods outlined in Table Al.1 and is based on the conditions
used to conduct an inter-laboratory toxicity test with glochidia
(section 16,5). Toxicity tests with glochidia should be con-
ducted at 20°C with a 16L:8D photoperiod at an illuminance of
about 100 to 1000 lux (Table Al.1). Toxicity tests are typically
started within 2 h after glochidia are isolated from the gills of
the female mussels; however, some (oxicity tests have been
started with glochidia isolated from female mussels for about
24 h before the start of a toxicity test. The endpoint measured
in toxicity tests with glochidia is survival (viability} as deter-
mined by the response of organisms to the addition of a
solution of NaCl (KCl has also been previously been used, but
this standard recommends vse of NaCl in order to have more
consistency between laboratories). Glochidia that close their
valves with the addition of a salt solution are classified as alive
(viable) in a toxicity test. For most species, the duration of a
toxicity test conducted with glochidia should be up to 24 h with
survival measured at 6 and 24 h. Conirol survival is typically
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>90 % at the end of 24-h toxicity tests conducted with
glochidia. Longer duration toxicity tests with glochidia (for
example, 48 h) can be conducted as long as control survival
=00 % is achieved. Toxicity tests conducted for »24 h with
glochidia might be used for species for which juvenile mussels
are not readily available for testing or for species with a life
history where glochidia are released into the water column and
remain viable for days before attaching to a host (in contrast to
species that release glochidia in mucus strands or in congluti-
nates).

Al1.2.3 Glass test chambers should be used to conduct
toxicity tests with glochidia. Test chambers should be a
minimum of volume of 100 mL containing a minimum of 75
mL of dilution water. Static, renewal, or flow-through condi-
tions can be used depending on the ehemical being tested.
Glochidia are not fed during the toxicity test and aeration of
dilution water is not necessary unless dissolved oxygen is
below acceptable concentrations (section Al.4.9.3). Dilution
water should be a source of water that has been demonstrated
to support survival of glochidia for the duration of the toxicity
test. For site-specific evaluations, the characteristics of the
dilution water should be as similar as possible to the site of
interest.

Al.2.4 The number of replicates and concentrations tested
depends in part on the significance level selected and the type
of statistical analysis. A minimum of 3 replicates should be
tested, each rcplicate containing about at least 500 glochidia
(preferably 1000 glochidia/replieate if survival is to be evalu-
ated in subsamples of glochidia collected during the toxicity
test). Survival can be determined throughout the toxicity test
by subsampling each replicate (for example, by subsampling
about 100 glochidia at 6 and 24 h and then placing these
organisms into one well of a multi-well plate to determine
survival with the addition of a salt solution; Wang et al 2003
(85) and A1.4.8.4). Water-quality characteristics of the dilution
water (dissolved oxygen, pH, ammonia, hardness, alkalinity,
and conductivity) should be measurcd at the start and end of
the exposures in at minimum the high and medivm test
concentrations and in the control. Requirements for test aecept-
ability for toxicity tests conducted with glochidia are summa-
rized in Table A1.3.

A1.2.5 Toxicity tests with glochidia have been conducted
for up to 144 h, but 24 and 48-h exposures are most often used
(Table A1.1). The relatively short duration of toxicity tests with
glochidia is based on the relatively short duration between
release of glochidia into the water column and encystment on
the host and is bascd on the relatively short survival time of
glochidia after isolation from the female musscl (Table Al.2).
If the life history of a particular species is not known (for
example, the host requircd for encystment or how long
glochidia released from a female mussel can remain in the
water column before encysting on a host), it might be appro-
priate to conduct toxicity tests with glochidia for longer than 24
h as long as 90 % control survival can be achieved at the end
of the test.

A1.2.6 The time between the release of glochidia from the
marsupium of the female mussel to attachment of these
glochidia on a host may only takc a few seconds for some
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species (10.1.4), but hours are required for the gill tissue of a
fish to migrate to form a cyst around the glochidia. During that
time, the glochidia may bc exposed to water-borne toxicants.
Many anodontinae species release glochidia into water column
that remain viable for days before infesting & host fish.
Therefore, a prolonged glochidial test would have ecological
relevance for these species. Other species release glochidia in
mucus strands that coat the bottom or remain suspended on
vegelation, waiting for their hosts to swim by and still other
species release glochidia packaged in conglutinates that serve
as a lure to host fish, Hence, glochidia of these species may
also be in water for extended periods of time; however, itis not
known how exposure to water-borne contaminants would be
influenced by the mucus or conglutinate surrounding the
glochidia. Toxicity tests conducted for 24 h with glochidia may
not be as ecologically relevant in some cases as toxicity tests
conducted with juvenile mussels, but may be useful for some
purposes such as deriving concentrations of a chemical that
may be protective of the species. Use of glochidia to evaluate
the relative sensitivity of a particular mussel species to
chemicals would be particularly useful when evaluating spe-
cies where only a limited number of adult mussels are available
for methods development or a limited number of adults are
available for producing juvenile mussels for toxicity testing.
Morcover, the host fish for some species of mussels or
techniques for transforming juvenile mussels in the laboratory
may be unknown,

AL3 Test Conditions for Conducting Water-only Toxicity
Tests with Juvenile Freshwater Mussels

Al1.3.1 Test conditions used by investigators to conduct
toxicity tests with juvenile mussels are summarized in Table
Al4. Sclection of specific test conditions and decisions
concerning the various aspects of experimental design, such as
the number of treatrents, number of test chambers/treatment,
and water-quality characteristics should be based on the
purpose of the test and the methods of data analysis (Sections
12 and 14). When variability remains constant, the statistical
sensitivity of a test increases as the number of replicates
increase.

Al1.3.2 Table Al.4 also provides a list of recommended test
conditions for conducting toxicity tests with juvenile mussels.
The list of recommended test conditions is based on the various
methods outlined in Table Al.4 and is based on the conditions
used to conduct an inter-laboratory toxicity test with juvenile
mussels (section 16.5), Toxicity tests with juvenile mussels
should be conducted at 20°C with a 16L:8D photoperiod at an
illuminance of about 100 to 1000 lux (Table Al.4), Toxicity
tests are typically started with newly-transformed juvenile
mussels <5 d after release from the host; however, some
toxicity tests have been started with 2- to 4-month-old juvenile
mussels. Acute toxicity tests with juvenile mussels are typi-
cally conducted for 96 h with survival measured at 48 and 96
h. Chronic toxicity tests started with 2- to 4-month-old juvenile
mussels have been conducted for 21 to 28 d with measures of
survival (based on movement of the foet) and growth (based on
shell Tength). Control survival is typically 90 % at the end of
96-h toxicity tests conducted with juvenile mussels and is
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typically >80 % at the end of toxicity tests conducted for 10 to
28 d with juvenile mussels (Table Al1.4).

Al.33 In acute static tests, glass test chambers should be a
minimutn of volume of 50 mL containing a minimum of 30 mL
of dilution water, In chronic tests or in flow-through tests, glass
chambers should be a minimum volome of 300 mL containing
a2 minimum volume of 200 mL of dilution water, Static,
renewal, or flow through conditions can be used depending on
the chemical being tested. Juvenile mussels are not typically
fed during acute toxicity tests. Algae have been used as a food
source in toxicity tesis conducted for 10 to 28 d. Aeration of
dilution water is not necessary unless dissolved oxygen is
below acceplable concentrations (section Al1.4.9.3). Dilution
water should be a source of water that has been demonstrated
to support survival of juvenile mussels for the duration of the
toxicity test. For site-specific evaluations, the characteristics of
the dilution water should be as similar as possible to the site of
interest.

Al1.3.4 The number of replicates and concentrations tested
depends in part on the significance level selected and the type
of statistical analysis. In 96-h toxicity tests, a minimum of 20
organisms should be exposed to each concentration (for ex-
ample, 4 replicates each containing a minimum of 5 juvenile
mussels). It may be desirable to test only 5 juvenile mussels in
each replicate when a limited number of test organisms are
available or when test organisms are relatively small (for
example, when juvenile mussels are small, it may be difficult to
observe more than about 5 test organisms simultaneously in a
replieate test chamber under the microscope). However, some
investigators have tested 10 to 20 juvenile mussels in each
replicate. In chronic toxicity tests, a minimum of 3 replicates
should be tested, each replicate containing a minimum of 10
juvenile mussels. Water-quality characteristics of the dilution
water (dissolved oxygen, pH, ammonia, hardness, alkalinity,
and conductivity) should be measured at the start and end of
the acute exposures and at least weekly in chronic exposures in
the high and medium test concentrations and in the control as
live organisms are present. Requirements for test acceptability
for toxicity tests conducted with juvenile mussels are summa-
rized in Table Al.5.

Al.4 Conducting a Toxicity Test

Al.4.1 Procedures for constructing and maintaining expo-
sure systems are outlined in Section 6 and in section A1.4.3,
Hazards associated with conducting the toxicity tests are
outlined in Section 7. Procedures for preparing dilution water
arc outlined in Section 8. Procedures for preparation and
delivery of the test material to test chambers are outlined in
Section 9 and in section Al 4.3. Procedurcs for cbtaining test
organisms are outlined in Section 10. Proccdures for address-
ing quality assurance and quality control associated with a
toxicity test arc outlined in Section 11 and in Section 16.
Considerations of experimental design for a toxicity test are
outlined in Section 12 and in A1.5. Procedures for analysis of
test materials are outlined in Section 13. Procedures for
analyzing data generated from a toxicity test are outlined in
Section 14, Reporting requirements for a toxicity test are
outlined in Section 15,

Al1.A2 Beginning the Test:

Al4.2,1 Section 10.5 provides information on obtaining
glochidia or juvenile mussels to start a toxicity test.

Al1.4.22 Acclimation—Glochidia should be acclimated to a
50 to 50 mixture of culture to dilution water for about 2 h
before the start of a toxicity test. Juvenile mussels should be
acclimated to the dilution water for at least 24 h before the start
of a toxicity test (for example, by holding juvenile mussels for
2 hin a 50 to 50 mixture of culture water to dilution water, then
for 2 hiin a 25 to 75 mixture of culture water to dilution water,
followed by a transfer into 100 % dilution water until the start
of the toxicity test). The temperature of the water used to
acclimate test organisms and the water quality characteristics
of the water should be gradually adjusted over the acclimation
period (for example, increase by no more than about 3°C /h).
Glochidia and newly-transformed juvenile mussels are not fed
during the acclimation period; however, older juvenile mussels
should be fed during the acclimation period ( Al1.4.5).

Al1.4.2.3 Placing Test Organisms in Test Chambers—The
test begins when the test organisms are first placed in dilution
water containing test material. Section Al.4.BA4 provides
information on establishing the viability of glochidia at the
start of a toxicity test. Only active juvenile mussels should be
used to start a toxicity test (that is, with foot movement).

Al1.4.2.4 Arepresentative sample of the test organisms must
be impartially distributed among the test chambers. Caution
should be exercised to minimize the transfer of dilution water
with the test organism to the chambers. Test organisms should
be handled as little as possible. Test organisms should be
introduced into the test water below the air-water interface. A
pipette or syringe can be used to place organisms directly into
the test water. Fig. Al.] illustrates a syringe system used to
transfer newly-transformed juvenile mussels into test water
(Wang et al 2003) (85). This syringe system consists of a glass
capillary tube (1.17-mm inner diameter), connected to vinyl
tubing (1.0-mm inner diameter), connected to a 2.5-cm, 16-
gauge needle; that is connected to a 1-mL syringe. For 2- to
4-month old juveniles, a larger system should be used (for
example, 2.2-mm inner diameter glass capillary tube connected
to a 2.3 mm inner diameter vinyl tube, connected to a 5-mL
syringe). If the shell of a juvenile mussel is broken, this
organjsm should not be used in a toxicity test. A subsample of
about 30 juvenile mussels should be archived at the start of
chronic toxicity tests for subsequent length measurements
(scction A1,4.8.3). This information can be used to determine
consistency in the size of the juvenile mussels used to start a
test.

Al.4.3 Static, Renewal, and Flow-through Exposure Sys-
rem.s:

A1.4.3.1 Section 6 provides a description of procedures for
constructing exposure systems.

A1.4.3.2 Static and renewal tests should begin by placing
test organisms in the chambers within 30 min after the test
material was added to the dilution water, Flow-through tests
should begin by either (a) placing test organisms in the
chambers after the test solutions have been flowing through the
chambers long enough for the concentrations of test material to
have reached steady state or (b} activating the metering device
in the metering system several days after organisms were
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Norz—The tubing is secured to the needle with a small piecc of tape,
FIG. Al1.1 Syringe Used to Transfer Juvenile Mussels (Wang et al, 2003) (B85)

placed in test chambers that had dilution water flowing through
them. This second alternative requires the addition of a “spike”
that is, an aliquot of test material sufficient to establish the
desired test concentration in the test chamber at the time of
activation of the metering device. The first alternative (a)
allows the investigator to study the properties of the test
material and the operation of the metering system immediately
before the test, whereas the second alternative {&) allows the
organisms to partially adjust to the chambers before the
beginning of the test.

A1.4.3.3 In flow-through tests with glochidia or juvenile
mussels, where there may be turbulence with each addition of
dilution water, it is desirable to place a stainless-steel baffle in
the test chamber to reduce turbulence. Specifically, Wang et al
(2003) (85) placed stainless-steel mesh screen (4 by 15 cm;
300-um opening) bent over the surface of the water in a
300-mL beaker used in flow-through tests to reduce the
turbulence of water, Each of these beakers contained 200 mL of
test water and had a 2,5-cm hole in the side covered with
stainless-steel mesh screen (300-pm opening: Wang et al 2003
(85)). A description of the flow-through exposure system used
by Wang et al (2003) (85) to conduct toxicity tests with
glochidia and juvenile musscls can be found in USEPA (2000)
(115),Figure A.5. Survival of glochidia in 48-h toxicity tests
and survival of juvenile mussels in 10-d toxicity tests with
copper and ammonia were similar in static or renewal exposure
systems compared to flow-throngh exposure systems (Wang et
al 2003) (85).

Al.4.3.4 Alternative test chambers that have been used to
conduct toxicity tests with glochidia are multi-well (6 or 12
well) polystyrene (or other (ypes of plastic) tissue-culture
plates containing about 4 to 12 mL of water and a specific
number of glochidia/chamber (Table Al.1). Larper glass test
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chambers have also been used to conduct toxicity tests with
glochidia (for example, 250- to 400-mL beakers). A difficulty
in using small mulii-well plates is thal (there is a limited volume
of water available for conducting water quality or chemical
analyses. Jacobson (1990) (116) suggested that subsampling of
glochidia from a smaller test chamber (for example, 12-well
plates) may result in a biased sampling of glochidia. Wang et al
(2003) (85) exposed groups of about 1000 glochidia in 200-mL
glass chambers in about 100 to 130 mL of exposure water.
Survival was then evaluated with the addition of a solution of
NaCl at 6, 24, and 48 h to subsamples of glochidia (that is,
about 100 glochidia in about 2 mL of exposure water placed
into one well of a multi-well plate; see A1.4.8.4). Use of larger
test chambers permits easier sampling of water quality and
chemical concentrations during the exposures (Wang et al
2003) (85). In addition, exposures in larger chambers can be
conducted using water-renewal systems (for example, Zum-
walt et al 1994 (117), Brunson et al 1998 (118)). Similar
survival of glochidia from several species was observed when
glochidia were held under control conditions in multi-well
plates or in larger chambers under static, renewal, or flow-
through conditions (Wang et al 2003) (85). Wang et al (2003)
(85) also observed that concentrations of copper in the multi-
well plates substantially decreased during 48-h exposures;
whereas, the concentration of copper in larger glass chambers
remained relatively consistent over this time period.

Al14.3.5 Alternative test chambers used to conduct toxicity
tests with juvenile mussels have included multi-well tissue-
culture plates for short-term exposures or larger chambers for
longer exposures (Table A1.4). Investigators have also exposed
Jjuvenile mussels in glass cylinders with a mesh bottom placed
inside larger test chambers (Dimock and Wright 1993 (48);
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Wade et al 1993 (119); McKinney and Wade 1996 (120); Farris
et al 1994, 1995 (121, 122)).

Al.4.4 Loading—Table Al.1 outlines the number of
glochidia added to each replicate test chamber and Table Al.4
outlines the number of juvenile mussels added to each test
chamber. Loading should be limited to ensure that (g) the
concentrations of dissolved oxygen and test material do not fall
below acceptable levels, (#) concentrations of metabolic prod-
ucts do not exceed acceptable levels, and (c) the test organisms
are not stressed because of crowding, Guides E 729 and E 1241
provide additional guidance on loading of organisms used in
acute or chronic toxicity tests,

Al4.5 Feeding:

A1.4.5.1 Glochidia are not fed during toxicity tests.

Al1.4.5.2 Juvenile mussels are not typically fed during an
acute toxicity test (for example, = 96 h) or for a time before
the test because fecal matter and uneaten food can decrease the
dissolved oxygen concentration and can influence the bioavail-
ability of some test materials. Toxicity tests with juvenile
mussels have been conducted for 10 d without feeding juvenile
mussels (USGS 2004) (112). The acute toxicity of copper was
determined in 48-h tests with juvenile Lampsilis siliguoideq
and L. rafinesqueana that had been held for 10 d under control
conditions (for example, with the replacement of dilution
water, but without the addition of food; USGS 2004 (112)).
Similar 48-h EC50s were observed in tests conducted with
juvenile mussels held for 10 d before testing compared to tests
started with newly-transformed jovenile mussels. Resulis of
these tests indicate that the sensitivity of juvenile mussels did
not change over the 10-d exposure without feeding.

Al1.4.5.3 In 10 to 28-d toxicity tests, algae have been used as
a source of food (Table Al.4). USGS (2005b) (9) described a
procedure for conducting 28-d toxicity tests starting with
2-month-old juvenile Villosa iris. In this 28-d toxicity test,
juvenile mussefs were fed 4-mL of an instant algae mixture
twice daily. The instant algae mixture was prepared from
commercial Instant Algae* brand non-viable microalgae con-
centrates (Reed Mariculture, Campbell, CA) by adding 1 mL of
a Nannochloropsis concentrate and 2 mL of a Shellfish Diet (a
mix of four marine microalgae [Isochrysis, Paviova, Tetrasel-
mis, Thalassiosira weissflogii]) to 1.8 L of well water. Control
survival of the juvenile mussels was 88 % in a 28-d copper
toxicity test and was 100 % in a 28-d ammonia toxicity test
(USGS 2005b (9).) Additional information on feeding of
juvenile mussels in culture or in toxicity tests is included in
10.6.3

Al4.6 Moniforing a Test—Qperation of the exposure sys-
tem should be monitored daily. A microscope is needed to
determine survival of test organisms. Therefore, survival of
juvenile mussels typically monitored only periodically during a
toxicity test (for example, at 48 and 96 h in an acute test and
at 4, 7, 10, 14, 21, or 28 d in a chronic test),

A1.4.7 Duration of Test—Toxicity tests with glochidia are
typically conducted for at least 24 h (Table Al.l; section
Al1,2.5), A 48-h toxicity test with glochidia might be used for
species for which juvenile mussels are not readily available for
testing or for species with a life history where glochidia are
released into the water column and remain viable for days

before attaching to a host (in contrast to species that release
glochidia in mucus strands or in conglutinates). Acute toxicity
test with juvenile mussels are typically conducted for 96 h, and
chronic toxicity tests starting with 2- to 4-month-old juvenile
mussels have been conducted for 21 to 28 d (Table Al.4), The
duration of an acute toxicity test should be no more than half
of the length of time that 90% of the organisms survive in the
dilution water under test conditions. Specifically, survival of
control organisms in control water might be evaluated for an
additional time period after the end of an acute test to further
evaluate the quality of the test organisms (for example, control
survival should be >90% for 24 h after the end of a 24-h
glochidia toxicity test and control survival should be >90% for
96 h after the end of a 96-h juvenile toxicity test). At the end
of the test it may be desirable to place the live test organisms
for 1 to 2 d in dilution water that does not contain any added
test material to determine whether delayed effects occur (Guide
E 729). It may also be desirable to maintain all test chambers
with surviving organisms until at least 10% mortality occurs in
each chamber.
Al14.8 Biological Data:.

Al1.4.8.1 Endpoints measured in the toxicity tests with
glochidia include survival (that is, measured as viability of
glochidia at 6 and 24 h; Table Al.1). Endpoints measured in
toxicity tests with juvenile mussels include survival (measured
at 48 and 96 h in acute tests and about weekly in chronic tests)
and growth {(measured at the end of a chronic test; Table A 1.4).
Newton et al (2003) (61) observed small reductions in growth
of juvenile mussels in 96-h toxicity tests.

Al1.4.8.2 Measurement of Juvenile Survival—The endpoint
typically measured in juvenile mussel toxicity tests is survival
based on movement of the foot, However, ciliary activity on
the foot, heartbeat, or vital staining has also been used to
establish survival of juvenile mussels at the end of a toxicity
test (Table A1.4). Survival of juvenile mussels in each replicate
should be determined using a microscope to observe movement
of the foot of each juvenile mussel within a 5-min period.
Laboratories may also want to evaluate other measures of
survival such as heart beat or cilia movement on the foot., In
order to ohserve the juvenile mussels under the microscope
during a test, it may be necessary to remove some of the water
from the test chamber (for example, it is easier to observe foot
movement of a juvenile mussel with a microscope if there is
less than about | cm of water in the test chamber). Gently
swirling the test chamber will create a slight vortex in the
water, concentrating the juvenile mussels in a small area in the
chamber, making it easier to see all of the organisms simulta-
neously in the field of view under the microscope.

AL4.8.3 Measurement of Juvenile Growth—Growth of ju-
venile mussels has been measured at the maximum shell length
parallel to the hinge or at the maximum shell height perpen-
dicular to the hinge. These measurement provide comparable
results, but the maximum shell height is somewhat easier to
measure; (Teresa Newton, USGS, LaCrosse, WS, personal
communication), Subsamples of about 30 juvenile mussels at
the start of a toxicity test and juvenile mussels surviving at the
end of the toxicity test can be preserved for subsequent growth
measurements. Juvenile mussels can be placed in a small glass
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vial and preserved in 70 % ethanol until growth is measured.
Alternatively, juveniles can be placed in neutral buffered
formalin for 24 h and then transferred to 70 % ethanol uvntil
growth is measured (Newton et al 2003) (61). Growth can be
measured using a microscope interfaced with a digitizing
system (for example, Newton et al 2003 (61)),

Al14.8.4 Evaluation of Viability of Glochidia—Percent sur-
vival (viability) of glochidia should be calculated from the
proportion of glochidia that close with the addition of a
saturated salt solution (NaCl). Specifically, survival of
glochidia should be calculated as: Survival (%)} = 100 (# of
closed glochidia after adding salt solution — # of closed
glochidia before adding salt solution} / {(# of open and closed
glochidia after adding salt solution), A subsample of 100 to 200
glochidia isolated from each female mussel shounld be evalu-
ated at the beginning of a toxicity test to confirm the viability
of the glochidia from that female using a saturated salt
solution. Readings of percent viable glochidia should be made
about 1 min after the addition of the saturated salt solution, The
saturated solution of NaCl can be prepared by adding about 12
g of reagent-grade NaCl to 50 mL of deionized water. About 1
drop of this saturated salt solution should be added to about 2
mL of a water sample containing glochidia. If viability is
>80 %e (preferably >90 %), the rest of glochidia collected from
that feinale can be used for toxicity testing. Glochidia with
>80 % (preferably >90 %) viability from at least three female
mussels should be composited into in a large chamber before
the start of a toXicity test or before a host is infested with
glochidia to produce juvenile mussels. ‘The recommendation to
record the response of the glochidia 1 min after addition of a
specific amount of NaCl is based on the observations that after
addition of a saturated salt solution, glochidia sometimes
closed slowly (USGS 2004} (112) or initially close then reopen
after several minutes (for example, Utrerbackia imbecillis,
Bringolf et al 2005 (108)).

Al.4.9 Cther Measurements:

Al1.4.9.1 Warer Quality—Water-quality characteristics (dis-
solved oxygen, pH, ammonia, hardness, alkalinity, and con-
ductivity) should be measured at the start and end of an acute
toxicity test and at least weekly in chronic toxicity tests in a
minimum of the high and medium test concentrations and in
the control (as long as live organisms are present). Measure-
ment of calcium, magnesium, sodium, potassium, chloride, and
sulfate is desirable in the dilution water. It may be necessary to
composite water samples from individual replicates. The pi-
pette used to collect water sampfes should be checked to make
sure no organisms are removed during sampling of water.
Water quality should be measured for each new batch of water
prepared for the test.

Al1.4.9.2 Temperature—Toxicity tests should be conducted
at 20°C. In static and renewal tests, either (a) in at least one test
chamber temperature must be measured or monitored at least
hourly or the maximum and minimum temperatures must be
measured daily or (b) if the test chambers are in a water bath
or a constant-temperature room or incubator, the temperature
of the water or air must be measured or monitored at least
hourly or the maximum and minimum temperatures must be
measured at least daily. In addition, temperature must be

measured concurrently near both the beginning and end of the
test in all test chambers or in various parts of the water bath,
room, or incubator. In flow-through tests, in at least one
chamber either temperature must be measured or monitored at
least hourly or the maximum and minimum temperatures must
be measured daily. In addition, near both the beginning and end
of the test, temperature must be measured concurrently in all
test chambers. Uniform temperature is important to maintain in
a test because survival or growth of test organisms can be
influenced by temperature, The stated requirements are neces-
sary to prevent confounding and unnecessary large variance in
temperature, Table A 1,3 and Table A1,5 summarize acceptable
variation in temperature during a toxicity test.

A1.49.3 Dissolved Oxygen—Dissolved oxygen {and pH
and conductivity) can be measured directly in the overlying
water with a probe. If a probe is used to measure dissolved
oxygen, it should be rinsed between samples to minimize cross
contamination, Concentrations of dissolved oxygen should be
maintained above 4 mg/L. during the test. Sparks and Strayer
(1998) (50) observed effects on behavior of juvenile Elliptio
complanata at dissolved oxygen concentrations of 2 to 4 mg/L.
Gentle aeration can be used if dissolved oxygen in the test
water is below 4 mg/L (that is, about 1 bubble/second from a
glass pipette in the test water). Turbulence should be avoided
because it might stress test organisms or increase volatilization
of the test material. Aeration should be the same in all test
chambers, including the control(s), throughout the test.

Al14.10 Test Material;

Al1.410.1 If the test material is uniformly dispcrsed
throughout the test chamber, water samples should be taken by
using a pipette or by siphoning water through glass or
fluorocarbon plastic tubing from a point midway between the
top, bottom, and sides of the test chamber and should not
include any surface scum or material stirred up from the
bottom or sides {(Guide E 729). If test material might be lost
due to sorption onto the walls of the sample container, the
container and the siphon or pipette should be rinsed with test
solution before collecting the sample, Water samples should be
collected into appropriate-sized containers from which the test
material can be extracted or analyzed directly, If the test
material is not uniformly dispersed in the test chamber in static
and renewal tests, the whole volume of solution in the test
chamber should be (a) used as the sample or (b) treated
appropriately (for example, by adding acid, base, or surfactant
and mixing thoroughly) to uniformly distribute the test material
before a sample is taken. If the test material is not uniformly
dispersed in the test chamber in flow-through tests, a large
volume of the solution flowing into the test chambers should be
collected and used as the sample or treated appropriately to
uniformly distribute the test material in the sample before a
subsample is taken.

A1.4.10.2 If some of the test material is not dissolved,
measurement of the concentration of dissclved test material in
each treatment might be desirable.

A1.4.10.3 In acute tests, the concentration of test material in
the exposure chambers should be measured in the control and
high, medium and low concentrations of test material at least at
beginning and end of a test. In chronic tests, concentration of
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test material in the exposure chambers should be measured at
the beginning and weekly in the control and high, medivm and
low concentrations of test material. Tt is desirable to measure
the concentration of test material in all of the test concentra-
tions. Mcasurement of degradation products might be desir-
able. Whenever a serious malfunction is detected in the
metering system, the test material in the test chambers should
be measured. Guides E 729 and E 1241 provide additional
guidance on calibration of flow-through systems before the
start of a toxicity test and on monitoring concentrations during
a toxicity test.

Al.5 Additional Information on Experimental Design and
Interpretation of Data Generated in Toxicity Tests Conducted
with Glochidia or Juvenile Mussels

Al1.5.1 Kernaghan et al (2005) (5) addressed several ques-
tions that have been raised regarding the experimental design
or interpretation of data from toxicity tests conducted with
glochidia or juvenile mussels. Glochidia and juvenile mussels
of several genera are highly sensitive to some metals and
ammonia in water exposures compared to many of the more
sensitive genera of other inveriebrates, fish, or amphibians that
are commonly tested (for example, Augspurger et al 2003 (6),
Keller et al 2005 (7); section 1.5). However, concerns have
been expressed regarding the use of toxicity data generated
with glochidia or juvenile mussels in the derivation of U.S.
Environmental Protection Agency Water Quality Criteria,
{Kernaghan et al 2005) (5). These concerns mainly include: (1)
the duration of the toxicity tests conducted with glochidia, (2)
the quality of organisms at the start of a test, and (3) test
acceptability criteria. The following section summarizes infor-
mation presented in Kernaghan et al (2005) (5) that addresses
these concerns, Future research needs identified thronghout the
standard are highlighted in section Al.6,

Al1.5.2 How long should a toxicity test be conducted with
glochidia? There are nearly 300 species of freshwater mussels
in North America and the length of time that glochidia remain
viable after release from the marsupium of a female into the
environment depends on the life history of the species and the
temperature of the water (Table A1.2; section 10.1). Longevity
of glochidia after release and before attachment to a host may
exceed one week and may be dependent on tcmperature
{Zimmerman and Neves 2002) (42); however, some reports are
anecdotal (Murphy 1942 (123), Matteson 1948 (124), Tedla
and Fernando 1969 (125)). Glochidia of some spccies released
in conglutinates remain viable for days or weeks after release
into the environment (Kernaghan et al 2005) (5). Glochidia of
several species, including Anodonta spp., remain viable while
free in the environment for 7 to 14 d (Howard and Anson 1922
(126), Mackie 1984 (127), Huebner and Pynnonen 1992 (128),
Pynnonen 1995 (129)).

Al1,52,1 Table Al.2 provides a summary of laboratory
studies that have evaluated survival times of glochidia after
removal from the marsupiom of the female or survival time
based on results reported in toxicity tests conducted with
glochidia. For example, Zimmerman and Neves (2002) (42)
report that the viability of glochidia of V, iris was >75 % for 8
d at 10°C and 2 d at 25°C and viability of glochidia of A.
pectorosa was >75 9% for 13 d at 10°C and 5 d at 25°C (Table

Al1.2), Similarly, glochidia of Utrerbackia imbecillis may
survive up to 19 d, but exhibit 50 % mortality within 13,5 d
(Fisher and Dimock 2000) (73). Survival of isolated glochidia
from many species listed in Table A1.2 is typically >90 % after
2 to 3 d; however, the viability of glochidia for a particular
species should be determined before the start of an exposure.
For example, glochidia of Lampsilis teres and Epioblasma
capsaeformis were viable for only 4 to 6 h, glochidia of
Megalonaias nervosa and Quadrula quadrula were viable for
1 d after removal from the marsupium of the female (Table
A1.2). Therefore, 24 h is a reasonable time period to conduct
toxicity tests with glochidia of many species at 20°C, although
shorter or longer tests might be needed for a particular species
depending on glochidia survival time and the life history
characteristics of the species (that s, survival of glochidia in
the control must be >90 % at the toxicity test Table A1.3).

A1.5.3 Short-tcrm exposures with glochidia may be vseful
for screening of chemicals, but response of juvenile mussels
would be more ecologically relevant (ICernaghan et al 2005)
(5). Use of glochidia to screen the relative sensitivity of a
particular mussel species to chemicals would be particutarly
useful when evaluating species where only a limited number of
adult mussels are available for methods development or for
generating juvenile mussels for toxicity testing. Moreover, the
host fish for some species of mussels or techniques for
transforming juvenile mussels in the laboratory may be un-
known for some species.

Al1.5.4 How long can glochidia survive and still be able to
attach to a host? Glochidia of some species can still attach to
a host for several days after release from a female depending
on temperature (Kernaghan et al 2005) (5). The maximum time
at which >50 % of Utterbackia imbecillis metamorphosed in a
tissue culture medium was 9 d after isolation from a female
(Fisher and Dimock 2002) (73). Zimmerman and Neves (2002)
(42) reported that glochidia can successfully attach to a host 1
to 2 weeks after isolation from a female. A future research
project could be to conduct a series of toxicity tests to
determine if there is a change in sensitivity over time after
glochidia have been released into the environment. Sensitivity
of Lampsilis siliquoidea glochidia held for 24 h aftcr isolation
from a female was similar to newly-released glochidia in
exposures to copper (Wang et al 2003) (85). The sensitivity of
glochidia held in an extra piece of the marsupium in a
refrigerator overnight was similar to the sensitivity of glochidia
tested immediately afier isolation from a femalc in toxicity
tests conducted with zinc or copper (Kernaghan et al 2005) (5).
Ultimatcly, it is more practical to base duration of exposurc on
survival of control organisms in the laboratory rather than on
an estimate of the length of time glochidia can survive and still
attach to a host (for example, Tablc A1.2).

Al.5.5 What life stage should be used to start acute or
chronic toxicity tests with juvenile mussels? Toxicity tests have
been started with newly-transformed juvenile mussels that
have either been transformed on a host or have been trans-
formed with the use of an artificial medium (Table Al.4).
Glochidia, newly-transformed juvenile mussels, and 2- to
4-month-old juvenile mussels have been successfully shipped
via overnight carriers to other laboratories for use in toxicity
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testing (for example, section 16.5, USGS 2004 (112), Bringolf
et al 2005 (108)). Toxicity tests have been successfully
conducted for 10 to 14 d starting with newly-transformed
juvenile mussels (Table Al.4), but exposures conducted for
longer periods of time have resulted in high mortality in
controls at about 4 to 6 weeks, probably due to nutritional
limitations of the diet (for example, Newton et al 2003) (61).
Valenti et al (2005) (107) conducted 21-d exposures with
2-month old juvenile Villosa iris held in a small amount of
sediment and fed algae (Meochloris). USGS (2005a,b) (8, 9)
and Bringolf et al (2005) (108) conducted toxicity tests starting
with 2- to 4-month-old juvenile Actinonaias ligamentina,
Lampsilis siliqguoidea, or Villosa iris and observed control
survival >88 % in 21- to 28-d exposures when algae was used
as a food source.

A1.5,6 Are there data that indicate that effect concentrations
do not ehange very much during the last half of a toxicity test
conducted with glochidia (that is, does the EC50 at 6, 24, 48,
or 96 h differ)? There are limited studies with glochidia that
have compared changes in toxicity over this timeframe. The
toxicity of copper (Jacobson et al 1997 (31), Wang et al 2003
(85)), ammonia (Wang et al 2003) (85), and chlorine (Wang et
al 2003) (85) decreased over 48 to 96-h exposures. In contrast,
1o change in the toxicity of several pesticides was observed in
24 to 48-h exposures (Keller and Ruessler 1997 (58), Bringolf
et al 2005 (108)). If glochidia for a particular species are able
to survive for more than 24 h, then a 24-h toxicity test should
be considered. Importantly, researchers are encouraged to
design studies that generate toxicity data throughout the
exposure period (for example, reporting 6, 24, and 48-h
responses; Guide E 729). However, generating data for a 6-h
exposure period is logistically difficult in an 8-h day.

A1.5.7 How should death of juvenile mussels be determined
at the end of a toxicity test? Lack of fool or shell movement,
lack of ciliary activity on the foot, lack of a heart beat, or a
wide gaped valve have been used to establish death in toxicity
tests with juvenile mussels (Table A1.4). Lack of movement of
the foot of a juvenile mussel is the primary endpoint recom-
mended in this standard (section Al.4.8).

Al.5.8 How should the quality of glochidia be determined
at the start of a toxicity test? Is the use of a solution of NaCl
(or KCl) to determine the percentage of glochidia exhibiting
valve closure an appropriate method to judge the acceptability
of glochidia used to start a toxicity test? Does the response of
glochidia to a solution of NaCl {or KCl) relate to the ability of
glochidia to attach to a host? Is there an independent way of
determining if glochidia are alive or healthy at the start {or end)
of a toxicity test? Valve closure is an ecologically-relevant
endpoint that is a critical for glochidia to successfully trans-
form on the host. If glochidia do not snap shut, the glochidia
should be considered ecologically dead (Huebner and Pyn-
nonen 1992 (128), Goudreau et al 1993 (130), McMann 1993
(131), Jacobson et al 1997 (31)). The response of plochidia in
toxicity tests was similar when either KCl or fish plasma was
used to make glochidia close at the end of an exposure
(Huebner and Pynnonen 1992) (128). Decreased response to
KCl was considered an indication of reduced glochidia viabil-
ity and thus reduced capability to attach to the fish host

{Pynnonen 1995) (129). A significant correlation was observed
between the response of glochidia to KCl and ability of
glochidia of Utterbackia imbecillis 10 metamorphose to the
juvenile life stage (Fisher and Dimock 2002) (73). Zimmerman
and Neves (2002) (42) reported a correspondence between the
response of glochidia of Villosa iris and A. pectorosa to NaCl
and the ability to infest a host fish. Jacobson et al (1997) (31)
reported glochidia of Villosa iris that responded to the addition
of NaCl following an exposure to copper were able to attach to
a host fish with no impairment of subsequent metamorphosis to
juvenile mussels. Results of these studies indicate that addition
of a solution of NaCl or KCI can be used to estimate the
condition of glochidia. While either a solution of salt or fish
plasma could be used to determine the percentage of organisms
closing, it is easier to work with NaCl compared to KCl or fish
plasma,

A1.5.9 Should there be a holding time for glochidia after
harvesting but before application of a salt solution to determine
if glochidia that are initially closed might open? Mature
glochidia are not typically closed after being isolated from a
female mussel. Glochidia that are elosed after isolation from a
female may reopen after being held in clean water a few hours
(Goudreau et al 1993 (130)).

Al1510 Will immature, stressed, or vnhealthy glochidia
close when exposed to a salt solution? Could glochidia be alive
and successfully attach to a host but not close when exposed to
a salt solution? Are broken glochidia frequently observed at the
start of a test? Would the presence of broken glochidia be
indicative of stress during harvesting? Immature glochidia that
are free of an egg membrane or mature and healthy glochidia
will close when cxposed to a salinity challenge. However,
immature glochidia are generally enclosed in an egg membrane
and are fragile and tend to fracture, thus should not be used for
toxicity testing. The best approach for avoiding the use of
immature glochidia in toxicity testing is to sample female
mussels at a time of the year when the organisms would be
expected to be releasing mature gloehidia (Kernaghan et al
2005) (5). Stressed or unhealthy glochidia could either be
opened or closed before the start of a test. If stressed or
unhealthy glochidia were to close when exposed to a salinity
challenge, then these individuals would be used in a toxicity
test. Measurement of the viability of glochidia in the control at
the end of a toxicity test would help to identify stressed or
unhealthy glochidia. Results of reference-toxicant tests should
also be used to evaluate the health of the plochidia used to
conduct the test (section 16.4). Broken glochidia have not been
observed at the start of a test (Kernaghan et al 2005) (5). The
presence of broken glochidia may indicate that the glochidia
are immature and should not be used for testing,

Al1,5,11 Should glochidia be rinsed before use in a toxicity
test? Would rinsing glochidia before the start of a test be
stressful to the organisms? Glochidia should be rinsed with
culture or dilution water after removal from marsupia to: (1)
eliminate tissues or excess mucus from the excised glochidia
that have a high potential for fungal growth and subsequently
could affect the survival (toxicity tests) or transformation of
glochidia (propagation) and (2) reduce the number of protozo-
ans that may be present in the excised gill that could also affect

39
Copyright by ASTM Intl (all rights reserved); Mon Sep 18 14:00:33 EDT 2006
Reproduction authorized per License Agreement with David Beeson (ENVIRON );



Electronic Filing - Received, Clerk's Office, May 18, 2011
*x***pCB 2011-085 * * * * *

Al E 2455 - 06

glochidia survival or transformation (10.5). Rinsed glochidia
have been observed to successfully transform on fish or in
artificial media and high control survival in toxicity tests has
been reported using glochidia that have been rinsed (Huebner
and Pynnonen 1992 (128), Johnson et al 1993 (79), Myers-
Kinzie 1998 (132), Bishop et al 2005 (47)).

A1.5.12 Should glochidia be acclimated to test conditions
before the start of a toxicity test? Glochidia are not typically
acclimated to the water-quality characteristics of the dilution
water before the start of a toxicity test (Table Al.1). Most of
these exposures are started the same day that glochidia are
isolated from marsupia of the females. Therefore, minimal time
is available to acclimate glochidia to the dilution water before
the start of a test. In order to maintain organisms in good
condition and avoid unnecessary stress, Guide E 729 recom-
mends that organisms should not be subjected to rapid changes
in temperature or water quality before the start of a test. Wang
et al (2003) (85) acclimated glochidia in a mixture of 50 %
culture water and 50 % test water and gradually adjusted the
temperature to the test temperature within about 2 h before the
start of an exposure (Al .4.2.2). Investigators have held adult
mussels under test conditions before isolation of glochidia (for
example, Huebner and Pynnonen 1992 (128)) which would
result in acclimating glochidia to the selected exposure tem-
perature in the toxicity test. However, brooding glochidia in the
marsupium are in contact with the hemolymph of the female
that is physically isolated from direct contact with water
(Silverman et al 1987) (133). In addition, glochidia are
typically released instantaneously into the surrounding water
from the marsupium of the female mussel. Therefore, holding
the female mussels in the dilution water before isolating
glochidia for toxicity testing would probably have a minimal
influence on the ability of glochidia to acclimate to the
conditions of the dilution water.

Al1.5.13 What criteria should be used to judge acceptability
of a toxicity test conducted with glochidia? Survival {measured
as viability) of glochidia at the end of the exposure should be
the primary endpoint to establish the acceptability of a toxicity
test. Most investigators report >90 % survival of glochidia
after 24 h (Tables Al.1 and Al.2). Thercfore, setling test
acceptability at >90 % survival seems appropriate for 24-h
toxicity tests conducted with glochidia. Survival of glochidia
was improved at cooler temperatures (Zimmerman and Neves
2002) (42) and may be different for short- versus long-term
brooders (Kernaghan et al 2005) (5). Other investigators have
observed inherently lower survival of some species (for ex-
ample, Lasee 1991 (134); Keller and Ruessler 1997 (58);
McMahon and Bogan 2001 (29); Table A1.2). Importantly, the
viability of the glochidia should be established before the start
of a toxicity test and the duration of the exposure should be
established based on these data. For example, there are some
species that exhibit <90 % survival for about 24 h after
isolation from the female; therefore, toxicity tests with
glochidia from these species should not be eonducted for
longer than this time period.

A1.5.14 What criteria should be used to judge acceptability
of a toxicity test conducted with juvenile mussels? Survival of
juvenile mussels at the end of the exposure is the primary

endpoint to establish the acceptability of toxicity tests con-
ducted for up to 14 d. Investigators have reported >890 %
survival of newly-transformed juvenile mussels after the end of
exposures conducted for up to 14 d (Table Al.4); however,
additional research is needed to improve survival in tests
conducted for >14 d with newly-transformed juvenile mussels
including research on dietary requirements of juvenile mussels
(10.5). Additional research is also needed with additional
species to determine if tests started with juvenile mussels >2-
to 4-months old will improve survival in chronic exposures.
USGS (2005 ab (8,9)) and Bringolf et al (2005) conducted
toxicity tests starting with 2- to 4- month old juvenile Acti-
nonaias ligamentina, Lampsilis siliquoidea or Villosa iris and
observed control survival > 88% in 21- to 28-d exposures
when algae was uscd as a food source (10.6.3.14). Klaine et al
(1997) (135) report that shell fength of newly-transformed
juvenile mussels of Utterbackia imbecillis increased by 22 to
35 % in tests conducted from 5 to 15 d. Therefore, growth in
should also be evaluated in future studies as a criterion to judge
the acceptability of a toxicity tests conducted with juvenile
mussels.

Al.6 Future Research—The methods outlined in Table
Al.l and Table Al.4 provide reliable estimates of toxicity of
chemicals to glochidia and juvenile mussels in watcr-only
exposures. The following list of research topics have been
identified throughout the standard and in Kernaghan et al
(2005) (5) for improving the reliability of results of toxicity
tests conducted with glochidia or juvenile mussels. Results of
this research may be included in future revisions of this
standard.

Al1.6.1 Further evaluate the influence of handling, holding,
and acclimation on adult, glochidia, or juvenile mussels used to
conduct toxicity tests (section 10.5).

Al.6.2 Determine the minimum number of female mussels
that should be sampled to obtain glochidia or juvenile mussels
used to start a toxicity test. These studies might include an
evaluation of the variability in the sensitivity of glochidia or
juvenile mussels obtained from individual females using a
variety of chemicals with different toxie modes of action
(section A1.4.9).

Al.6.3 Further evaluate the influence of contaminant expo-
sure on immature glochidia developing within the marsupium
of the female mussel (section 10.5.3.6).

Al.6.4 Establish methods for improving the performance of
juvenile mussels in chronic toxicity tests (for example, test
conducted for >14 d), focused on establishing feeding require-
ments for a variety of mussel species. Additional research is
also needed with additional species to determine if tests started
with juvenile mussels 2- to 4-months old will improve survival
in chronic exposures. Ongoing research to improve culturing
methods for propagation, holding, and feeding of newly-
transformed juvenile mussels will hopefully provide additional
information that can be adapted to establish methods for

conducting chronic toxicity tests with juvenile mussels (section
10.6.3).
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Al1.6.5 Conduct additional intra- and inter-laboratory toxic-
ity tests to evaluate variability in control and toxic responses of
mussels to a variety of chemicals with different toxic modes of
action (seetion 16.5).

A1.6.6 Further develop endpoints for establishing effects in
toxicity tests with juvenile mussels (for example, behavior,
biomarkers).

A1.6.7 Develop standard methods for conducting toxicity
tests with {7) adult freshwater mussels and {2) contaminated
sediments using various life stages of freshwater mussels.

Al1.6.8 Evaluate the relative sensitivity of glochidia, newly-
transformed juvenile mussels, older juvenile mussels, and adult
mussels to a variety of different chemicals in acute or chronic
toxicity tests.

41

A1.6.9 Compare the response of various species of mussels
to the response of other surrogate species (for example, trout,
cladocerans, Corbiculz) in toxicity tests conducted using a
variety of different chemicals.

A1.6.10 Compare the response of different populations of a
species collected from different geographic regions to a variety
of chemicals in laboratory toxicity tests.

A1,6.11 Compare the response of mussels tested in labora-
tory toxicity tests to the response of mussels exposed in the
field (either vsing in-sitie exposure containers or in a natural
habitat).
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TABLE A1.1 Summary of Test Conditions Used to Conduct Toxicity Tests with Glochidia of Freshwater Mussels (adapted from Kernaghan et al, 2005) (5)*

Note—The last columnn provides a summary of recommended conditions that can be used to conduct toxicity tests with glochidia.

Huebrer and Keller and

Johnson et al "
. Lasee (1991) Goudreau et al  Jacoebson et al McGann (1293) Klaine et al USGS (2004) Recommended
Conditions “393%, 17%5;3) {134) PY""C(’:SE)Q 992) " (1g3) (130) (1997) (31) Husse('gg}“ 997) (131) (1997) {135) {112} Test Conditions
1 Species tested  Utterbackia Larmpsilis Ancdorta cygnea, Villosa iris Multiple species® Multiple species” Villosa s Ulterbackia Mulitple species® NAH
imbecillis® cardium® A. anatina imbecillis
2 Testtype Static Static Stafic Renewat Static Stafic Stalic Static Stafic, renewal,  Stafic, renewal, or
flow-through flow-through
(depending on
chemical tested)
3 Testduration (h) 24 48 24, 48,72, 144 24 24, 48 4,24, 48 24 24, 48 G, 24, 48 6,24 (up to 48
depending on
viability of
glochidia)
4 Tempemature, °C 20 21 13 22 101e 25 25 20 25 20 20
5 Light quality Ambient lab fight NR™ NR NR NR NR NR Ambient [ab light Ambient [ab light Ambient lab hight
6 Light intensity NR NR NR NR NR NR NR NR 200 lux 100 to 1000 [ux
7 FPhotoperiod 16L:8D 24D Nawral regime 16L:8D 16L:8D 12L:12D MR 16L:8D 16L:8D 168D
8 Test chamber 100-mL beaker  250-mL 400-mL beaker  Basket of mash  12-well plate &well plate 12-well plate 12-well plate 200-mL 100-mL glass
crystallizing dish netting in 4-L crysiallizing dish  chamber
chamber {minimumy}

S Test solution 50 200 200 NR 35 NR 5 3.5 100 75 (minimum)
volume {mL})

10 Glochidia shake piece of  flush gills with cut gills and flesh gills with cut gills and NR flush gills with flush gills with flush gills with flush gills with
collection cut gillin water  syringe press out syringe separate glochidia syringe syringe syringe syringe

glochidia using from marsupia m
forcaps N

11 Age of test NR NA 324 NR NR NR <2 NR <2 10 <24 <24 g
organisms (h) )]

12 No. organisms 10 10 1000-3000 Several hundreds 50-75 50-100 40 50-100 about 1000 about 500 {1000 1
per test chamber for repeated sam- o

pling during a tox- =3
icity test)

13 No. replicate 2 3 2, counting 3 2, counting 3 3 3or4 3 3 3, counting a sub- 3, counting a sub-
chambers per samples with samplas with sample with about sample with about
treatment about 100 about 100 100 glochidia 100 glochidia

glochidia glochidia Irom each from each
replicate replicate

14 Feeding None Nong Nene None None None Nene None None None

15 Aeration None None Yes None None NR NR NR None None, if dissclived

oxygen Is main-
tained above
acceptable
concentration

16 Dilution water Reconstituted Hardness 150 Tap water Dechlorinated Dechlorinated tap Reconstituted Sinking Creek Hardness 89-107 Reconstituted Depends on
water, hardness  mg/l as CaCQOy effluent water water or Clinch  water, hardness  water, VA mg/l s GCaCO;  water, hardness  experimental
40-50 mg/l. as River water, VA 47-76 mg/L as 170 mg/. as design
CaCoy, CaCoy, CaCOy,

17 Water quality DO, pH, hard- DO, pH, hard- pH, Ca, Cu,Zn DO, pH, hard- DO, pH, hard- DO, pH, hard- DO, pH, hard- DO, pH, hard- DO, pH, ammo- DO, pH, ammo-
ness, alkalinity, ness, alkalinlty, ness, alkalinity,  ness, alkalinity, ness, afkalinity, ness, alkalinity, nese, alkalinity,  nia, hardness, nia, hardness,
conductivity conductivity conductivity conductivity conductivity conductivity conductivity alkzlinity, alkalinity,

conductivity conductivity
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P
%
5 Conditions .J((:gggo: :;;| Lasee (1991) Py':‘;iﬁ’:rgggz) Goudreau etal  Jacobson etal Hu::e"g ?.In gg-,v) McCann (1993) Klaine et al USGS (2004) Recommended
g = (13!5, 79) (134) (128)° (1993) (130) (1997) 31) (68) (131) (1997} (135} (112} Test Conditions
£3
Ex
E?_, 18 Endpoint Survival (valve  Survivel (valve  Survival (valve  Survival {valve  Survival (valve  Sundval (valve  Survival (valve  Survival (valve  Survival (valve  Survival (valve
% oo clasure with cul-  closure with NaCl) closure with KCI)  closure with NaCl) closure with NaCl) closure with NaCl) closure with salt  closure with sa-  ¢losure with NaCr) clesure with NaCl)
o s ture medium) solution) line solution)
= 19 Control survival >85 90 >80 80 >80 »80 >80 80 90 »90 {must)
e &
=gt
o H A Reprinted with permission of Kernaghan et al (2005) (5). Copyright Scciety of Environmental Toxicolegy and Chemistry (SETAC).
zZ5 5 See aiso Pynnonen (1995) (128), Hansten etal (1996) (137),
o € Formerly Anodonta imbeciliis. See also Weinstein (2001) {138).
¥
% =2 2 Formerly Lampsilis ventricosa.
> Sl £ \illosa iris, Actinonaias pectorusa, Pyganodon grandis, Lampsilis fasclofa, Medionldus conradius. See also Jaccbson (1980) (116), Cherry et al (2002).
b

F Villosansa tienosa, Villosa villosa, Utterbackia imbecillis, Megalonaias nervosa, Lampsilis teres, Lampsilis sifquoidea, See also Jacobson (1890) (116); McCann (1993) {125}, Villosa infs, Actincnaias pectorosa,
Medionidus conradius.

& Actincnaias ligarmentina, Alasmidonta heterodon, Epiobiasma capsaefoimis, Lampsifis sifiquoidea, L fasciola, L abrupta, L rafinesqueana, Folamitus ohiensis, Pleurobema plenum, Quadrula quadrula, Q. pustulosa,
Leptodea fragilis, L leptodon, Venustaconcha elfipsiformis, Villosa irfs.

HNA: net applicable. NR: not reported.

90 - §St2 3 ﬁﬁp
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TABLE A1.2 Survival Time of Glochidia after Removal from Female Unlonid Mussels {(Kernaghan et al 2005} (5)*

Spoclos Tempgrature Duration of Viabllity Relerence
Day (% Survival)
Actinonalas figamenting 20 7 (>90): 8 (>75); ¢ (>50) USGS (2004) {112)
Aclinonalas pectorosa 10 13 (>75) Zimmerman and Nevas (2002) (42)
25 5 (>75) Zimmerman and Neves (2002} (42)
20 »2 (>00)*8 Jacobson et al (1997) (31)
Alasmidonta heterodon 20 2 (>90): 2 (>75): 2 (>50) USGS (2004) (112)
Anedonta anafina 13 >3 (>90) Huebner and Pynnonan (1992} (128)
Anodonta cataracta 10 >14 (>00) Jacobson (1980) (118)
Anodonla cygnea 13 >3 (>90) Huebner and Fynnonon (1992} (128)
Anodonla grandis 10 >14 (>00) Jacobsen (1980) (118)
Elliptlo complanata 5 7 NRE Matlerson {1948) {124)
20 <1 (>80); 3 (>75} Bringolf of a! (2005) (108)
Eliptio difatala 20 <1 (>90); 1 (>75);<2 (>50) Bringolf &1 al (2005} (108)
Eploblasma capsaeformls 20 0.3 (>90) Wang et al (2003) (85)
Lampsiiis abrupta 20 2 (>90): 6 {>75): 7 (>50) USGS (2004) (112)
Lampsilis cardium 21 >2 (>D0)* Lases (1991) (134)
Lampsilis fasclola 20 8 (>90); 7 (>75): 8 (50} Wang et al (2003) {(85)
20 >2 (»90)* Jacobson et al (1997) (31)
20 1 {(>90); 2 (>75); 3 {~50) BringoHl et ai. {2005) {108)
20 2 (>90; 4 (~76); 6 (~50) Bringolf et af (2005) (108)
Lampslis raflnesquaana 20 6 (>90); 8 (>75); 6 (>50) USGS (2004) (112)
Lampsiiis slliquoldaa 10 9 NR Tedla and Fernado [1969) {125)
20 8 (»90); 9 {(>75); 10 (>50) Wang el al (2003) (85)
25 >2 (~B0)* Keller and Russsler {1997) (58)
20 1 (>00); 3 (>75); 4 (>50) Bringolf et al (2006) {108)
Lampstiis teres 25 0.2 {~80) Keller and Rusessler {1997) (58)
Laptodaa fragiits 20 1 (>00); 3 (>75); 4 {>50) Wang et al (2003} (85)
Laptodea feplodon 20 1 {>B0): 2 (>75) Bringolf et al {2005) (108)
Laptodea feplodon 20 0.25 (»90); 1 (>75); 2 {>50) USGS (2004) {112)
Margaritifera faicala 11 11 NR Murphy (1942) {123)
Medionidus conradious 20 >2 (~90)* Jacobson et al (1997) {31)
Magalonalas nervosa 25 1 (>80)* Keller and Rueeslor {(19957) (58)
Polamitus alalus 20 6 (>00) 8 (>75); 6 (>50} Wang et al (2003} {85)
Potamitus ohiensls 20 5 {>80), 8 (>75); 7 (50} Wang et al (2003) (85)
Pyganodon grandis 20 >1 [>90) Jacobson etal. (1997) (31)
Quadrula quadruia 20 1 (>00); 1 (>75); 2 (~50) Wang et al (2003) (85)
Quadrula pustulosa 20 <1 (=90): 1 (>75); 1 (>50) Wang et al (2003) (85)
Ultsrbackla imbacilis 2 10 (>80); 14 {>50) Fisher and Dimock {2000) {73)
25 >2 (>80) Keller and Ruassler (1997) (58)
25 >2 (>80} Klaineetal. {1997) (135)
20 >1 (>90)* Johnson et al (1990, 1993) (138, 79)
Venustaconcha ellipsiforinis 20 2 (>00) 3 (>75); 3 (>50) Wang et al {2003) (85)
Villosa Irig 10 8 (>75) Zimmemman and Neves (2002) (42)
20 5 (>00); 5 (>75): 6 (>50) wang et al {2003) (85)
25 2 (>75) Zimmerman and Neves {2002) (42)
22 >1 (»80)* Goudreau et ai (1893) (130)
20 >1 (B0)* Scheller (1997) (138)
20 >2 (»90)* Jacobson et al (1997) (31)
Viflosa ifenosa 25 »>2 (>80)* Keller and Ruessler {1997) (58)
Villosa nebulosa 20 >2 (»00)* Jacobson (1990) (116)
Villosa viliosa 25 >2 (=80)* Keller and Ruessler {1997) {58)

4 Meprinted with permission of Kernaghan et al (2005) (5). Copyright Soclely of Environmental Toxicology and Chemistry {(SETAC).
A An asterlk indlcates a value based on control survival In 24- or 48-h toxiclly tesls.
CNR: not reported.
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TABLE A1.3 Test Acceptabllity Requirements for Toxiclty Tests Conducted with Glochidia Isolated from Freshwater Mussels

A. It Is recommended lor conducling 24-h toxfcity tesls with glochidla Isolated from adult mussels that 1he following performance crileria be met:
1. Age of glochidia should be less than 24-h old at the slart of the toxlclty test. Viabilllly of glochidia isolated at the beginning of a toxlelty test must be
greater than or equal to 80 % (preferably greater than or equal to 90 %).
2. Averago survival of glochidia In the control at 1he end of a test must be greater than or equal to 90 %.
3. Hardness, alkalinlty, and pH In the dilution water should not vary by more than =10 % during lho exposure and dissolved exygen should be malntalned
above 4 mg/L.
4. The duration of an acute toxicily test should be no more than half of the length of lime thal 90% of lhe organisms survive in the dilullon water under test
conditions, Speciilcally, survival of control erganlsms n control water might be evalualed for an additional time perlod after the end of an acute test to
further evaluate the quallly of the test organlsms {for examplo, control survival should be >80% for 24 h alter tho end of a 24-h glochidia toxicity test).

B. Performance-based criterla for culluring and handling of glochidia or adult mussels Include the following:
1. Subsamples of each baich of test organlsms used In toxiclty tests should be evaluated using a referonce toxlcant {for example, NaCl or CuSQy, sectlon
16.4). Dala from these referance-toxicant tests can be used to assess genetic siraln or life-stage sensitivity of test organlsms to select chemicals.
2. Laboratorles should track survival of adull mussels In the cultures. Records should also be kept on procedures used lo collect and hold adult mussels.
3. Laboratories should record the following water-quality characteristics of the cultures at least quarterly: pH, hardness, alkalinlty, and ammenla. Dissolved
oxygen n lhe cultures should be measured woekly. Temperalure In the cullures should bo recerded daily.
4. Laboralories should characlerize and monltor background centamination and nutrient quality of food if prablems are observed In culluring er testing
organisms,

C. Additional requirements:
1. All organisms in a test musl be from the same source and should be acclimated for about 2 h 1e the déulion waler belore lhe slart ef a texiclty test. It Is
doglrable lo combine samples ef glochidla obtalned irom et least three female mussels te slart a texicity tesl.
2. All tesl chambers (or compartments) should be [dentlcal and should contaln the same amount of dilution water. Individual lest organlsms should be
Impartially assigned te test chembers (or compartments). Treatmenls should be randomly assigned to individual {est chamber locallons.
3. Nepalive-control and apprepriate solvent conirols must be Included In a test. The concentralion of solvent used must not adversely affect test
organisms (seclion 9.2.4). The conceniration of an organic solvent used In the preparation ef a lest solullon should net exceed 0.5 mlL/L. A surfactant
sheuld not be used In the preparation of a test solutlon,
4. The diferonce belween the highest and lowest time-welghted averages for the Indlvidual 1est chambers must not be greater than 1°C. Whenever
temperature is measured concurrently in more than one test chamber, the highest and lowest temperatures must not difler by more than 2°C, The upper or
lower 85 % confidence limil on individual temperalures measured In the test chambers throughoul Lhe test must nol be more than 2°C above or below 1he
mean of lhe lime-walghted average measured temperature for the Indlvidual test chambers.
5, Calculalion of an LC50 or EC50 should usualty be consldered unacceptable if, (1) ne treatment elher than a control ireaiment killed or affected less
lhan 37 % ef the organlsms er, (2} ne treaiment kifled or affected more than 83 % of the organisms.
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TABLE A1.4 Summary of Test Conditions Used to Conduct Toxicity Tests with Juvenile Freshwater Mussels (adapted from Kemaghan et al, 2005%) (5)
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Nore—The last colemn provides a summary of recommended conditions that can be used to conduct toxicity tests with juvenile mussels. In the last column, acute tests are tests conducted for
up to 36 h and chronic tests are tests conducted for at least 21 d,

Jacobson
J:‘h F.lsgﬂgoet ((11?96?) Lasee  Keller and Klaine et al Scheller '\ill:]ezflse' Dimock and Newton et Lasee Wade etal Jacobson Valentietal USGS USGS Heccéne';
Gondions | oes 1a6, Jacobson (1981 Zam (1991) (1997 {1997) (1998) Wright  al (2003)  (1801) (1993) (1990} (2005) (2004) e (0) m?l'gst
70 etat(oey (134 (67) (135) (138) 3z (1999)¢48)  (61) (134) (119) (116) (107) (112) Condiions
(73)
1 Species Utterbackia Villpsa Lampsilis  Mulitple Utterbackia Villosa iris Lampsilis  Utterbackia Lamnpsilis  Lampsilis  Ullerbackia Villosa Villosa iis  Mulitple Villosa irds™ NA!
tested imbecillis® nebulosa, cardium®  species™  imbecillis siliquoidea imbecillis, cardium veniricosa fmbecillis  nebulcsa species®
V. inis, Pyganodon
Anodonta cataracla
grandise®
2 Testtype Renewal Static Static Static Static Static NR Static Flow Renewal Renewal Artificial  Renewal Renewal, Flow Statie, re-
through stream flow through newal or
through flow-
through
(depending
on duration
of exposure
and chemi-
cal ested)
3 Testdura- 2 1 2 1-4 1-4 4 1,2,4 14 4.10 7 9 14 21 2, 4,10 28 Acute:=4
tion {d) Chronie:21
1o 28
4 Tempera- 20 20 21 22,25, 0r 25 25 24 20 21 21 24 20 20 20 20 20
ture, "C 32
5 Light Ambient  NR' NR NR NR NR NR NR Fluorescent NR NR NR NR Flzorescent Fluorescent Ambient lab
qualily lab light light
6 Light NR NR NR NR NR NR NR NR NR NR NR NR NR 200 lux 200 lux 100 to
ntensity 10060 lux
7 Photo 16L:8D 16L:8aD 24D 12L:12D or 168D NR NR NR 18L8D 24D 24D 16L:8D 12120 16L:8D 16L:8D 16L:8D
period 16L:8D
8 Test 125-mL 12-well Covered  Pefridish Petd dish  12-well Pelridish 120-mm  132by 90 Covered 50-mm Dish cov-  30-mL beg- 50- or 300-mL Static or
chamber beaker plate 250-mL plate diam. wb by 130 mm 250-mL diam. glass ered with  kers sub-  300-mL beaker renewal:
crystallizing with mesh chamber  crystallizing tub with mesh merged in  beaker 5C-mL bea-
dish bottom in dish mesh bot- a 1-L glass kers (mini-
4-L cham- tom in beaker mum} Flow-
bet 250-mL through:
chamber 300 mL
beakers
{minimum}
9 Tesisolu- 100 3.5 NR 15 15 5 10 NR 1200 NR 200 180 950 I or 200 200 Static or
tion volume renewal: 30
(mL) (minfmurm)
Flow-
through:
200 (mini-
mumy}
10 Procedure Artificial Fish host Fish host Fish host orFish host or Fish host  Artificial Arlificial  Fish host  Fish host  Artificial Fish host Fish host Fish host Fish host  Fish host
for media artificial artificial media media . media
obtaining media media
juveniles
11 Age of test 1-10 1-3 0,7, 14 1-2 1-3 <3, 5,9 <10 7-10 3-5 Q 6-10 1-3 60 35,860 60 Acute:<5
organisms Chronic:60
to 120

(day)
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TABLE Al1.4 Continued

Jacobson

Jg:nas;g;t ((1132_;]) Lasee  Kellerand Klaine et al Scheller I\i%;]ezrise- Dimock and Newton et  Lasee Wade atal Jacobson Valentietal USGS USGS 2;‘;:&
Gonditions 1983} {1 3,6, Jacobs;:n (1991) Zam (1991) (1997) {1997) (1998) Wright  al {2003) (1991) (1 99:’;]3 (1990} {2005} {2004) (20055} (9) Tost
79) et al (1993) (134) (67) (135) (138) (132) (1993) (48) {81) (134) {119) {116} (oen (112) Condifione
(75)

12 No. organ- 10 10 10 10-20 1 5 NR 10 20 50 15 15 5 5 10 Acute:<h
isms per (minimum)
test cham- Chronic:10
ber {minimum)

13 No. repli- 2 20r3 3 2-4 10 4 NR 3 6 2 3 3 4 4 4 Acute:4
cafe cham- (minimurm}
bers per Chronic:3
freatment (minirnum})

14 Feeding None None None HNone None None None Nona None Lab cul-  Algae and Algae Algas and None Instant al- Acute:none

tured phy- silt sediment gae mix-  Chronic:
toplankton ture” Algae

15 Aeration  None None Yes NR None MR NR Yes Yes None None None Yes None None None, if

dissolved
oxygen a
maintained
above ac-
ceptable
concenira-
tion

16 Diluticn Reconsti- Glinch Hardness Reconsti- Reconsi- Sinking Hardness NA Hardness Hardness Tennessee GClinch Reconsti- Reconsti~- Reconst-  Depends
water tuted water, River water, 150 mg/L  tuted water, tuted water, Creek wa- 100 or 200 1383 mg/l 150 mg/l.  River water River water, uted waler, tuted water, tuted water- on experi-

hardness VA as GaGQy hardness hardness ter, VA mg/L as as CaCdy as Gal0y VA hardness hardness hardness mental
40-50 mg/L 47-76 mg/L 99-107 CaCO, 100 mg/l 170 mgf. 170 mg/l  design
as CaCoO, as CaCQ; mgl as as CaC0O; as CaCO; as CaCOy

GatOy

17 Water DO, pH, DO, pH, DO, pH, DO, pH, DO,pH, DO, pH, pH, hard- NA DO, pH, DG, pH, DO, pH, NR NR DO, pH, DO, pH, DO, pH,

quality hardness, hardness, hardness, hardness, hardness, hardness, ness ' haréness, hardness, hardness, ammonia, armmonia, ammenia,

alkalinity, alkalinity, alkalinity, alialinity, alkalinity, alkalinity, alkalinity, alkafinity, alialinity, hardness, hardness, hardness,

conductivity conductivity conductivity conductivity conductivity conductivity cenductivity conductivity conductivity alkalinity, alkalinity, atkalinity,
conductivity conductivity conductivity

18 Endpoints  Survival Survival Survival Survival Survival Survival Survival Survival Survival,  Survival Survival Survival Survival,  Survival Survival Survival

(movement) (gaped (foot or clli- (activity  (gaped (heartheat ({foot or {foot, valve growth, {foot or cili- (Giliary (exiruded growth {foot or (foct or (foot move-
valves, foot ary move- and heart- valves with and ciliary valve or ciliary  ratic of ary move- action) foot and shell move- shell move- ment),
activity or  ment) beat) footand  action} movement) activity, stressed o ment), gaping ment) and ment) and growth

" stained with ciliary heartbeat) alive growth valves) growth (  growth (shell
neutral red) activity) (length and shell (shelt length)
height} length) length)

19 Control >95 100 96 NR >80 >80 98 =80 >85 97 >80 100 S0 >80 =88 Acute>90
survival (%) (must)

Chronic:>B0
(should)

“ Reprinted with permission of Kernaghan et al (2005) (5). Copyright Society of Environmental Toxicology and Ghemistry (SETAC).
& See also Masnado et al (1995) (1403, McKinney and Wade (1896) (120}, Keller et al (1999} {141).
© Formerly Anodorta imbedilis.
D 5ee also McGann (1993) (131) for 2- 1o 4-d exposures with Villosa ifls, Actinonaias pectomsa, Medionidus conradius.
£ Formerly Lampsilis ventricosa. ‘
¥ Anodonta imbecillis, Villosa fienosa, V. villosa, Utterbackia imbecilfis, Lampsilis straminea daibomensis, L. subangulats, Elliptic icterina. See also Keller 1993 {142}, Keller and Ruessler 1997 (58).
S \Mifosa iris, Epicblasma capsaeformis, Lampsilis fascicla, L. siiguoidea, L. abrupta, L. rafinesqueana, Leplodea leptodon.
M Bringeff et al (2005) (108} and USGS (2005a) (8) have adapted this method to conduct 21- to 28-d toxicity tests with 2- to 4-month old juvenile Actinonalas ligamentina or Lampsilis siliquoidea,
'NA: not applicable. NR: not reporied.
¥ See section A1.4.5.3 for a description of the procedure used to prepare this instant algae mixture,

90 - 65¥Z 3 Aﬁﬁ}i’



Electronic Filing - Received, Clerk's Office, May 18, 2011
*x***pCB 2011-085 * * * * *

4§l E 2455 - 06

TABLE A1.5 Test Acceplability Requirements for Toxlcity Tests Conducted with Freshwater Juvenile Mussels

A. It Is recommended for conducting loxicity tests with jJuvenlle mussels that the following performance crilerla be met:
1. Average survlval of Juvenlle mussels in the control at the end of a 96-h test musl be greater than or equal to 90 %. An Ingufiiclenl number ef tests have
been conducted with |uvenile mussels for 10 or more days to provide specliic guldance on control survival In longer-term lests. However, a lImlied number
of loxlcity tests have reported control sundval greater than 80 < in tests conducted with Juvenile mussels for 10 to 28 d. Therefore, average survival of
Juvenlle mussels In the control at the end of a test conducled for 10 lo 28 d should be greater lhan or equal to 80 %.
2. Hardness, alkallnlty, and pH In lhe dilulion water should not vary by more than +10 % during the exposure and dissclved oxygen should be malntained

above 4 mg/L,

3. The duratlon of an acule oxicity test should be no moere than half of ihe length of lme 1hat 90% of the crganisms survive in the dilution water under test
conditions. Specifically, survival of control erganisms In conirol water might be evalualed for an addilienal time peried afler the end of ap aculo lest to
further evaluale Ihe quallty of the test organisms (for example, control survival should be >§0% for 98 h aller the end of a 98-h juvenilo 1oxicily test).

B. Performance-based criterla for culluring and handling of juvenlle or adult mussels include the following:
1. Subsamples of each balch of test organisms used in toxiclty tests should be evaluaied using a reforonce toxlcant {tor example, NaCl or CuSQ,, section
16.4), Data from these reference-loxicant tests can be used to assess genelic straln or life-stage sensltivity of test organlsms to selecl chemlcals.
2. Laboratories should track survival of juvenlle and adult mussels In the cullures. Records should alse be kept on procedures used Lo collect and hold

Juvenile and adult mussels.

4. Laberaterles should record Lhe lollowing water-quality charactarlstics of the cultures at least quarterly: pH, hardness, alkalinity, and ammenia. Dissolved
exygen In the cullures should be measured weekly. Temperature In 1he culturas should be recorded dally.
4. Laboralorles should characterize and monllor backgreund contamination and nutrient quallly of feod it problems are observed in culluring or lesling

erganisms.
C. Additonel requirements:

1. All organlsms In a test must be from the same source and should be acclimated to the dilution water for at least 24 h before the start of a toxicity fest,
2. All test chambers {or comparimenis) should be [denlical and should contaln the same amoun? of dilutlon water. Individual est erganlems sheuld be
Imgartlally assigned 1o test chambers (or compartments), Treatments should be randomly assigned to Individual test chamber locations.

3. Negative-conirel and approprlaile solvent conlrols must be Included In a tesl. The concentration of solvent used must not adversely affect test
organisms (section 9.2.4). The concenlrafion of an organic solvent used in tha preparation of a test solutlon should not exceed 0.5 mLA In 96-h tasts or
0.1 mLAL In longer-term tesls. A surfactant should not be used In the proparation of a tesl solutlon.

4. The difference belwean the highest and lowest time-walghted averages for the indlvidual test chambers musl not be greater than 1°C. Whenever
temperalurs |s measured concurrently In more than one tesl chamber, 1ho highest and lowest temperalures must nol differ by mere than 2°C. The upper or
lower 95 % confidence limit on Individual temperatures measured in the lest chambers Ihroughout the test must net be more than 2°C above or below the
mean of the fime-welghted average measured temperature for the Individual lest chambers.

5. Calculatlon of an LC59 or ECS0 should usually be considered unacceptable I, (1) no treatment other than a control ireatment killed or aflected loss
than 37 % of the organisms or, {2) no treatment killed or allected mora than 3 % of the organlsms.
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