
BEFORE THE ILLINOIS POLLUTION CONTROL BOARD 

HOLLAND ENERGY, LLC 

Petitioner, 

v. 

ILLINOIS ENVIRONMENTAL 
PROTECTION AGENCY, 

Respondent. 

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

PCB 11-__ 
(NPDES Permit Appeal- Water) 

NOTICE OF ELECTRONIC FILING 

TO: 

John Therriault, Clerk 
Illinois Pollution Control Board 
James R. Thompson Center 
100 West Randolph Street, Suite 11-500 
Chicago, IL 6060 I 

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, NOnCE 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 

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



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@IceMiller.com 
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BEFORE THE ILLINOIS POLLUTION CONTROL BOARD 

HOLLAND ENERGY, LLC 

Petitioner, 

v. 

ILLINOIS ENVIRONMENTAL 
PROTECTION AGENCY, 

Respondent. 

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

PCB 11-
(NPDES Permit Appeal- Water) 

NOTICE OF AI>PEARANCE 

PLEASE TAKE NOTICE THAT, pursuant to 35 III. Adm. Code Section 101.400(a)(4), 

Susan Charles, with the law firm ofICE MILLER, LLP, hereby files her Appearance in this 

proceeding on behalf of petitioner, HOLLAND ENERGY, LLC. 

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@IceMiller.com 

Respectfully submitted, 

ICE MILLER, LLP 

By: lsi Susan Charles 
One of its Attorneys 

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



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 
Illinois 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 
Illinois Environmental Protection Agency 
1021 North Grand Avenue East 
P.O. Box 19276 
Springfield IL 62794-9276 

lsi Susan Charles 
Susan Charles 
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BEFORE THE ILLINOIS POLLUTION CONTROL BOARD 

HOLLAND ENERGY, LLC 

Petitioner, 

v. 

ILLINOIS ENVIRONMENTAL 
PROTECTION AGENCY, 

Respondent. 

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

PCB 11-__ 
(NPDES Permit Appeal- Water) 

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) ofthe lllinois Environmental Protection Act, 415 ILCS 5/1, et seq. ("Act"), and 35 Ill. 

Adm. Code §§ 105.200, et seq., respectfully submits this Petition for Review of Agency NPDES 

Permit Decision ("Petition") and Motion to Confinn Automatic Stay of NPDES Pennit 

("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") Pennit Nmnber IL0074268 ("Pennit") issued on 

April 18, 2011, by the Illinois Enviromnental Protection Agency ("IEPA") to the Holland Energy 

Facility. Holland also seeks confinnation that the effectiveness of the Pennit is automatically 

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

A. The Holland Energy Facility 

1. The Holland Energy Facility is an electdc generating station built on a 240-acre 

site near Beecher City in Shelby County, Illinois. Constmction 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 Energy Facility, located in Section 16, Township 9 NOlih, Range 4 East, in Holland 

Township, Illinois. 

3. The Permit includes three authorized outfalls - Outfalls 00 I, 002 and 003. 

Treated plant effluent is transported to Outfall 001 through a lO-inch buried HPDE pipe and 

discharges directly to the Kaskaskia River through a multi-port diffuser pipe mounted on tlle 

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 ("MOD"). 

4. Outfall 002 has a DAF of 0.105 MOD 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 stonnwater. Outfall 003 has a DAF of 0.1 MOD 

and discharges from the south stormwater basin to an mmamed tributary to Bush Creek. Effluent 

from Outfall 003 consists primarily of hydrostatic test water and stonnwater. 
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B. Holland's Prior NPDES Permit. 

5. On July 21,2000, the Agency issued NPDES Pennit 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. Id. Holland timely filed an application to renew the Prior 

NPDES Permit on December 29, 2004. See Exhibit 3. Pursuant to 35 Ill. Adm. Code § 309.104, 

the Prior NPDES Penn it 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. ("WVP A") acquired Holland and the Holland Energy Facility on 

January 7,2009. Pursuant to 35 Ill. 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 Pennit 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. Id. 

8. The Permit states that it is effective May 1, 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 

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. 

II. ISSUES ON APPEAL 

9. 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 part: 

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

Biomonitoring 

1. Toxicity Test - Acute (4-d) and short-tenn (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-tenn (14-d) static-renewal toxicity test 
using newly-transfonned 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 afier permit issuance. 

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

II. 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 E2455-06.1 ASTM E2455-06 contemplates a 4-

day acute and 21 - 28-day chronic testing period. See Exhibit 7, M E2455-06, Table AI.4, p. 46 

at Colunm Titled, "Recommended Test Conditions." ASTM E2455-06 does not reference any 

parameters for "short-tenn" toxicity testing. ld. The 14-day short tenn test required by the 

Pennit is therefore inconsistent Witll ASTM E2455-06. 

12. Special Condition 13 should be revised so that its requirements are internally 

consistent. Holland requests that the requirement in Special Condition 13 to conduct a "short-

tenu (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 Ill. 2d I, 8, 682 

The toxicity testing procedures required under Special Condition 13 is not included as an approved test 
method by the United States Envirorunental Protection Agency ("US EPA") in 40 CFR § 136.3. If a testing method 
is not included in 40 CFR § 136.3, the Agency is required to obtain US EPA'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 pursuant 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) (itA term is considered ambiguous if more than one interpretation of it is 

reasonable. It); See, e.g., Caterpillar Tractor Co. v. Illinois EPA, 1981 Ill. 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-tenn test with newly-transfonned 

juvenile fahnucket (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 AlA, 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. Id. 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 new1y-transfonned juvenile fahuucket 

(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 Ill. 2d I, 8, 682 N.E.2d 59,63 (1997) (itA term is considered ambiguous if more 

than one interpretation of it is reasonable. It); Caterpillar Tractor Co. v. Illinois EPA, 1981 Ill. 

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 1 beginning the first Summer after permit issuance." See Exhibit I at Special 

Condition 13, '11 2 (emphasis added). The permit's effective date is May I, 2011, and the first 

smnmer 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. Illinois EPA, 1981 

Ill. ENV LEXIS 113 (Ill. ENV 1981) (noting that a permit provision or term is ambiguous if it 

does not state with certainty the pennittee's duty or is subject to multiple interpretations); Village 

ofSaugetv. Illinois EPA, 1988 Ill. Env. Lexis 516 (Ill. Env. 1988) (noting that it was impossible 

for the permittee to comply with a pennit 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 pennittee which contaminants to monitor or what pennittee should do); see also 

Browning Ferries Industries of Illinois, Inc. v. Lake County Board of Supervisors, PCB No. 82-

101, 1982 Ill. ENV LEXIS 255, 31-32 (Ill. ENV 1982) (holding grant conditions requiring the 
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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 IEP A for review and 
approval within 90 days of the effective date of the Penni!. The Permittee shall 
implement the biological monitoring plan during the first defined low fiow 
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 
pennit issuance. The surveys must be conducted during defined 
low flow conditions between July and September. Mussel surveys 
shall be conducted the first summer after permit issuance and 
annually thereafter. 

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." Id. Special Condition 14 then goes on to require that the 

monitoring plan be conducted "the first surmner after permit issuance." Id. 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 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 Agency 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 of2011. 

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 Ill. ENV LEXIS 113 (Ill. ENV 1981) (noting that a pennit provision or term 

is ambiguous if it does not state with certainty the pennittee'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 pennittee which contaminants to monitor or what pennittee should 

do); see also Browning Ferries Industries of Illinois, Inc. v. Lake County Board of Supervisors, 

PCB No. 82-101, 1982 Ill. 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 1 0-65(b) of the AP A 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 shaIl continue in fuIl 
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 100/1 0-65(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 fonn of pennission required by law, but it does not include a 

license required solely for revenue purposes."). 

22. The Board recently confirmed that, under Section 1 0-65(b) of the AP A, a permit 

issued under 415 ILCS 5/39.5 is automaticaIly stayed pending resolution ofa timely filed appeal. 

See KCBX Terminals Company v. Illinois Environmental Protection Agency, PCB 11-43 (Ill. P. 

Control Bd. April 21, 2011). This result also has been specificaIly applied to an appeal of a 

NPDES permit. ld., citing Borg-Warner Corp. v. Mauzy, 100 III. App.3d 862, 427 N.E.2d 415 

(3 rd Dist. 1981); see also Citgo Petroleum Corporation v. Illinois Environmental Protection 

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

23. The Agency issued the Pennit on April 18,2011 and HoIland received the Permit 

on approximately April 19, 2011. Pursuant to 415 ILC 5/40(a)(I) and 35 III. Adm. Code § 

105.206(a), HoIland has 35 days from the date it is served with tile Pennit to petition the Board 

for review of the Agency's decision regarding the Pennit. HoIland filed this Petition with the 

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

24. Interpreting Section 1 0-65(b) of the AP A in the context of an appealed NPDES 

permit, the appeIlate court held in Borg-Warner: 
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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 detennination. 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 lmtil the [Board] 
rules on the pennit 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, 100 Ill. 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. 
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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 

confinn that the automatic stay authorized tmder the Section 1 0-65(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. 

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 

Respectfully submitted, 

HOLLAND ENERGY, LLC 

By: 

lsi Susan Charles 
One of its Attorneys 
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Expiration Date: April 30, 2016 

Name and Address of Permittee: 

Holland Energy, LLC 
722 North High School Road 
Indianapolis, IN 46214 

Discharge Number and Name: 

. NPDES Permit No. ILOO?4268 

Illinois Environmental Protection Agency 

Division of Water Pollution Control 

1021 North Grand Avenue East 

. Post Office Box 19276 

Springfield, illinois 62794-9276 

NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM 

Reissued (NPDES) Permit 

Issue Date: Apri 1 18, 2011 
Effective Date: May 1." 2011 

. Facility !'Jame'and Address: 

Holland Energy Facility 
RR2,270-A 
P.O. Box 65 
Beecher City, illinois 62414-0065 

. (Shelby County) 

Receiving Waters: 

001 Cooling Tower Blowdo~n. Evaporative Cooler Kaskaskia River 
Blowdown, Deminerallzer Regenerate, Filter Backwash, and 
Turbine Wash 

002 Hydrostatic Test water, Water Line Clean Out, and Unnamed Tributary to Brush Creek 
S\ormwater 

003 Hydrostatic Test water and StormiNater Unnamed Tributary to Brush Creek 

.. :"', 

In compliance with the provisions of the Illinois Environmental Protection Act, Title 35 of III. Adm. Code, Subtitle C andlor Subtitle D, Chapter 
1, and the Clean Water Act (CWA), the above-named permittee is hereby authorized to discharge at tihe above location to the above-namad 
receiving stream in accordance with the standard conditions and attachments herein. 

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

SAK:DEL:LRL:0610060'1.daa 

EXHIBIT 1 

Alan Keller, P.E. 
Manager, Permit Section 
Division of Water Pollution Control 
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Page2 

NPDES Permit No. IL0074268 

Effluent Limitations and Monitoring 
. ( 

1. From the effective date of this permit until the expiration date, the effluent of the following dlscharge(s) shall be monitored and limited 
at all times as follows: 

PARAMETER 

LOAD LIMITS Ibs/day 
OAF (DMF) 

30 DAY 
AVERAGE 

DAILY 
MAXIMUM 

CONCENTRATION 
LIMITS mg/l 

30 DAY 
AVERAGE 

DAILY 
MAXIMUM 

. SAMPLE 
FREQUENCY 

SAMPLE 
TYPE' 

Outfall 001 • Cooling Tower Blowdown, Evaporative Cooler Blowdown, Demlneralizer Regenerate, Filter Backwash, and Turbine Wash 
(Daily Merage Flow (DAF) = 1.42 MGD) 

Flow See Special Condition 1. Continuous While 
Discharging 

pH See Special Condition 3. 1/Month Grab 

Total Suspended Solids 15 30 1/Month Grab 

Oil and Grease 15 20 1/Month Grab 

Chloride See Special Condition 17. Monitor Only 1/Month Grab 

Temperature See Special Condition 6. Continuous While 
Discharging 

Total Residual Chlorine 0.05 1/Month Grab 

Zinc (Total)* 1.0 1.0 1/Quarter Grab 

Phosphorus 1/Month Grab 

Chromium (Total)' 0.2 0.2 1/Quarter Grab 

Ammonia Nitrogen See Special Condition 16. Monitor Only 1/Month Grab 

* • Quarterly sampling results for Chromium (Total) and Zinc (Total) shall be submitted during the months of April, July, October and January 
. for the preceding three month period. . 
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Page 3 

NPDES Permit No. IL0074268 

Effluent limitations and Monitoring 

1. From the effective date of this permit until the expiration date, the effluent olthe following discharge(s) shall be monitored and limited 
at all times as follows: 

LOAD LIMITS Ibs/day CONCENTRATION 
DAF (DMF) LIMITS mgll 

30 DAY DAILY 30 DAY DAILY SAMPLE SAMPLE 
PARAMETER AVERAGE MAXIMUM AVERAGE MAXIMUM FREQUENCY TYPE 

Outfall 002 - North Stormwater Basin' 
(DAF = 0.105 MGD) 

Flow See Special Condition 1. Measure When 
Monitoring 

pH See Special Condition 3. Daily While Grab 
Discharging 

Total Suspended Solids 15 30 Dally While Grab 
Discharging 

Iron (total) 2 4 Dally While Grab 
Discharging 

':011 and Grease 15 30 Dally While Grab 
Discharging 

.* - See Special Condition 12. Monitoring requirements and limitations apply only when discharging hydrostatic test water andlor water 
' .. ·supply pipeline cleaning water. 

Outfall 003 - South Stormwater Basin' 
(DAF = 0.1 MGD) 

Flow See Special Condition 1. 

pH See Special Condilion 3. 

Total Suspended Solids 

Iron (total) 

Oil and Grease 

15 30 

2 4 

15 30 

Measure When 
Monitoring 

Dally While Grab 
Discharging 

Daily While'· Grab 
. Discharging 

Daily While Grab 
Discharging 

Dally While Grab 
Discharging 

• - See Special. Condition 12. Monitoring requirements and IImitati01is apply only when discharging hydrostallc test water andlor water 
supply pipeline cleaning water. 
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Special Conditions 

. . . . 

· SPEciAL CONDITION 1.' The discharge flow shall.be measured on a continuous basis and In units of MillionGall~nS per Day (MGD) ahd 
rePQrted as~· monthly average and a dally maximum on the monthly discharge Monitoring Report,· • 0 • •• 

SPECIAL CON;ITION 2. This perml! I~ written >,yi;h the expr~~S~d uliderst~nding that .th~re will be no dlS~harge lro~ ;hls facility during 
extreme low river flow conditions. Extreme low river flow is defined as those times when flow In the Kaskaskia River drops below 10 cubic 

· feet per second Immediately upstream 01 the outfall. 

· SPEciAL CONDiTION 3. The pH shall be in thei<1nge 6.0 i~ 9.0 •. The monthly minlrii~m andmontiily maxl~um val~es shall be reported 
·on the.DMR form. . 0 

SPECIAL CO~DITI(jN° 4. samples taken in compiia~ce with the.effluent monitoring requirem~nts shailQ~taken at a point representativ~ 0 o. , 00 

oaf the discharge. but prior to entry Into the receiving stream. . 0 

", : 

SPECIAL CONDITION 5. II an applicable effi~~rit standard or ·limitation is promulgated under S~~tIO~s 301 (b)(2)(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 limited In the NPDES Permit. the Agency shall revise or modify the permit In accordance with the more stringent 
standard or prohibition and shall so notify the permittee. 

SPECIAL CONDITION 6. A thermal mixing zone is recognized from Outfall 001 downstream for 22 feet In the Kaskaskia River and for 25% 
of the rlyerwidth. Continuous temperature readings must be collected at the pOint 22 feet downstream-olthe outfall at a point midway in 
the 26% of stream width beginning at the east bank. The following limits must be met at this point: 

A. The following maximum temperature limits must not be exceeded at the edge of the mixing zone during more than one percent of the 0 

hours In the 12 month period ending with any month. Moreover. at no time will the water temperature at the edge olthe mixing zone 
exceed these limits by more than three degrees F. 

'F 

'C 

60 

16 

Feb. 

60 

16 

Mar. 

60 

16 

April 

90 

32 

M!!Y 

90 

32 

90 

32 

,!y!y 

90 

32 

Aug. 

90 

32 

fu!!l!. . 

90 

32 

90 

32 

Nov .. 

90 

32 

60 

16 

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

, C. The rise in tempereture at the edge of the mixing zone may not eXceed the river temperature measured at the river water intake pOint 
by more than five degrees F. 

D. The monthly maximum temperature at the edge of the mixi~g 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 Intake by more than five degrees F. 0 

E. In the event that the facilities thermocouple used to measure the rJ)lxed stream temperature should·fall. the following·equatlon may 
be used to determine the mixed stream temperature: 

TMR = TU + [(QC(TC-TU»IStream Flow] 

TMR = mixed river temperature ('F) 
TU = upstream river temperature ('F) 
TC = effluent temperature ('F) 
QC = effiuent flow (MGD) 
Stream Flow = one half the daily flow value of the receiving 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 lacility has not repaired the thermocouple In a reasonable amount 01 time. 
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.Speclal Conditions 

SPECIAL CONDITION 7. The Permittee shall recorO.m·6nitorlng results on DI~charge Monitoring Repqrt (Div1R) FQrm~ using on'9 such' famn . 
for each ouffall each· month. . '. . ." . . . . 

In the' event that an outfall does not discharge during a monthly reportlngperiod, the DMR Form 'shall be submitted with '00 discharge 
Indicated. . . . 

The Perl1)ittee may choose. to submit electronic DMRs (eDMRs) instead of mailing paper IilMRs.tQ .the I.EPA. . More information, Including 
· registration information for the eDMR progral1); can be .obtained oh the IEPA website, http://l1iww..epa.state.iI.uslWater/edmr/index.html.. 

The~ompleted Discharge M~nitorlng' Report fOrl1)~ shall. be submitted to IEPA no later than the:15th day of the following month: unless' 
otherWise specified' by the permitting authority:·' . , . ' . 

. p~r~ittees not 'using eDMRs shall mail Dlsch~rgeMonlt~rl~g Report~ with an orlglnal si~~aturetb thelEPA at ihe following address: " • . 

Illinois Environmental Protection Agency 
DiVision of Water Pollution Control 
1021 North Grand Avenue East 
Post Office Box 19276 
Springfield, illinois 62794-9276 

Attention: Compliance Assurance Section, Mall Code # 19 

'SPECIAL CONDITION 8. There shall be no discharge of the 126 priority pollutants,·except chromium (total) and zinc (total) from 
· outfall 001. The discharge from Outfall 001 shall be monitored once per year for the metals and phenols, as found at 35 III. Adm. Code 
· Section 304.124, as well as the 126 priority pollutants listed in 40 CFR 423 Appendix A. All analysis shall be completed using an 
. appropriate method 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. 

SPECIAL CONDITION 9. All samples for total residual chlorine shall be analyzed by an applicable method contained In 40 CFR 136, 
equivalent in accuracy to low-level amperometric titration. Any analytical variability of the method used shall be considered when 
determining the accuracy and precision'ofthe results obtained. 

SPECIAL CONDITION 10. In the event that the pemnittee 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 writing in accordance with the Standard Conditions, Attachment 
H. The permit may then be modified or revised following public notice and opportunity for hearing.' 

SPECIAL CONDITION 11. There shall be no discharge of polychlorinated biphenyl (PCB) compounds such as those commonly used for 
transformer fiuids. 

SPECIAL CONDITION 12. 

STORM WATER POLLUTION PREVENTION PLAN (SWPPP) 

A. A stomn water pollution prevention plan shall be maintained by Ihe permittee for 'the storm water associated with industrial activity at 
. this faCility. The plan shall Identify potential so~rces of pollution which may be expected to affect the quality of storm water discharges 
associated with the Industrial activity at the facility. In addition, the plan shall describe and ensure the implementation of practices 
which are to be used to reduce the pollutants in stomn 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 facility shall make a copy of the plan available to the Agency at any reasonable time upon request. 

C. The pemnittee may be notified by the Agency at any time that the plan does not meet the requirements of this condition. After such 
notification, the pemnlttee shall make changes to the plan and shall submit a written cerilflcatlon that the requested changes have been 
made. Unless otherwiSe provided, the permittee 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,. 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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Special Conditions 

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

E. The plan shall provide a description of potential sources 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 facility. The plan shall Include, 
at a minimum, the following Items: 

1. A topographic map extending one-quarter mile beyond the property boundaries of the facility, showing: the facility, surface water 
bodies, wells (Including Injection wells), seepage pits, Infiltration ponds, and the discharge points where the facility's storm water 
discharges to a municipal storm drain system or other water body. The requirements of this paragraph may be Included on the 
site map if appropriate. 

2. A site map showing: 

I. The storm water conveyance and discharge structures; 

ii. An outline of ihe storm water drainage areas for each storm water discharge point; 

Iii. Paved areas and buildings; 

Iv. Areas used for outdoor manufacturing, storage, or disposal of significant materials, Including activities that generate significant 
quantities of dust or particulates. 

v. Location of existing storm water structural control measures (dikes, coverings, detention facilities, etc.); 

vi. Surface water locations andlor municipal storm drain locations 

vii. Areas of existing and potential soli erosion; 

viii. Vehicle service areas; 

Ix. Material loading; unloading, and access areas. 

3. A narrative description of the following: 

I. The nature of the Industrial activities conducted at the site, including a description of slgniflcant materials that are treated, stored 
or disposed of In a manner to allow exposure to storm water; 

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

III. Existing structural and non-structural control measures to reduce pollutants In storm water discharges; 

Iv. Industrial storm water discharge treatment facilities; 

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

4. A list of the types of pollutants that have a reasonable potE'"tlal to be present in storm water discharges In significant quantities. 

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

6. A summary of eXisting sampling data describing pollutants in storm water discharges. 
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Special Conditions 

F. The plan shall describe the stonm water management controls which will be Implemented by the facility. The appropriate controls shall 
refiect Identified existing and potential sources of pollutants at the facility. The description of the storm water management controls 
shall include: 

1. Storin Weter Pollution Prevention Personnel - Identification by job titles of the Individuals who are responsible for developing, 
Implementing, and revising the plan. 

2. Preventive Maintenance - Procedures for Inspection and maintenance of storm water conveyance system devices such as 
oil/water 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. 

3. Good Housekeeping - Good housekeeping requires the maintenance of clean, orderiy facility areas that discharge storm water. 
Material handling areas shall be Inspected and cleaned to reduce the potential for pollutants to enter the stonm water conveyance 
system. 

4. Spill Prevention and Response - Identification of areaS where significant materials Can spill Into or othelWlse enter the stonm water 
conveyance systems and their accompanying drainage ponts. Specific material handling procedures, storage requirements, spill 
clean up equipment and procedures should be Identified, as appropriate. Internal notification procedures for spills of significant 
materials should be established. . 

5. Stonm Water Management Practices - Stonm water management practices are practices other than those which control the source 
of pol,lutants. They Include measures such as Installing all and grit separators, diverting storm water Into retention basins, etc. 
Based on assessment of the potential of various sources to contribute pollutants, r)1easures to remove. pollutants from stonm water, 
discharge shall be Implemented. In developing the plan, the following management practices shall be considered: 

I. Containment - Storage within berms or other secondary containment devices to prevent leaks and spills from entering storm 
water runoff; 

iI. Oil & Grease Separation - Oil/water separators, booms, skimmers or other methods to minimize oil contaminated storm water 
discharges; , 

Iii. Debris & Sediment Control- Screens, booms, sediment ponds o'r other methods to reduce debris and sediment in storm water 
discharges; , 

Iv. Waste Chemical Disposal - Waste chemicals such as antifreeze, degreasers and used oils 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 potential storm 
water contamination; 

vi. Covered Storage or Manufacturing Areas - Cove~d fueling operatlons, materials manufacturing and storage areas to prevent 
contact with storm water. 

6. Sediment and Erosion Prevention - The plan shall Identify areas which due to topography, activities, or other factors, have a high 
potential for significant soli erosion and describe measures to limit erosion. 

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

8, 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 actlvltles shall be documented and recorded. 
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G. The permittee shall conduct an annual facility Inspection to verily that all elements ofthe plan, including the site map, potential pollutant 
sources, and structural and non-stnuctural controls to reduce pollutants In industrial storm water discharges are accurate. Observations 
that require a response arid the appropriate response to the observation shall be retained as part of the plan. Records documenting 
significant observations made during the site Inspection shall be submitted to the Agency In accordance with the reporting 
requirements of this permit. 

H. This plan should briefiy describe the appropriate elements of other program reqUirements, including Spill Prevention Control and 
Countermeasures (SPCC) plans required under Section 311 of the CWA and the regulations promulgated thereunder, and Best 
Management Programs under 40 CFR 125.100. 

I. The plan is considered a report that shall be available to the public under Section 308(b) of the CWA. The permittee may cl~im 
portions of the. plan as confidantial business information, Including any portion describing facility security meaSures. 

J. 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 

K. Authorization is hereby granted to construct treatment works and related equipment that may be required by the Storm Water Pollution 
Prevention Plan developed pursuant to this permit. 

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

1. If any statement or representation Is found to be incorrect, this authorization may be revoked and the permittee there upon waives all 
rights thereunder. 

2. 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 facilities; (b) does not take into consideration the structural 
stability of any units or part of this project; and (c) does not release the permittee from compliance with other applicable statutes of 
the State of Illinois, or other applicable local law, regulations or ordinances. 

3. Plans and specifications of all treatment equipment being included as part qf the stormwater management practice shall be Included 
In the SWPPP. . 

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

REPORTING 

L. The facility shall submit an annual inspection report to the Illinois Environmental Protection Agency. The report shall Include results 
olthe annual facility Inspection which Is required by Part G of the Storm Water Pollution Prevention Plan of this permit. Tha report 
shall also Include documentation of any avent (spill, treatment unit malfunction, etc.) which would require an Inspection, results of the 
inspection, and any subsequent corrective maintenance activity. The report·shall be completed and signed by the authorized facility 
employee(s) who conducted the Inspection(s). 

M. The first report shall contain information gathered during ·the ana year time period beginning with the effective date of coverage under 
this permit and shall be submitted no later than 60 days after this one year period has expired. Each subsequent report shall contain 
the previous year's Information and shall be submitted no later than one year after the previous year's report was due. 
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N., Annuallnspecllon 'reports shall be' mailed to the following 'address': . ," ".,'.": .' '. . . 

illinois EnvironmentalProtectipn Agency 
Bureau of Water 
Compliance Assurance Section 
Annual Inspection Report 
1021 ,North ,Grand Avenue East' 
Post Offlce Box 19276 , 
Springfield, !iiinois 62794,9.276 

. -'. 

' .. ' 

O. If the facility perfohnsJnspections more rrequently than required by this permit, the results'shall be 'nc'uded ,as additional information 
In the arinual report. ' '" 

SPECIAL CONDITION 1'3:: The Permittee shall prepare a prel'lmlna~ qion:lOnitoring plan and submit the plan to the'IEPA for review an'd 
approval within ninety (90) days of the effective date of this Permit. The Permittee shall begin biomonltorlng of effluent from Outfall 001 
the first summer after plan approval. ' 

Blomonltoring 

1. Toxicity Test - Acute (4-d) and short-tenm (14-d) toxicity tests shali be nun on Juvenlies of mussel spec.ies representative of the aquatic 
community of the receiving stream. Procurement and testing of organisms must be consistent with Standard Guide for Conducting 
Laboratorv Toxicity Tests with Freshwater Mussels (ASTM E2455-06), Guidelines for measuring effluent toxicity must be consistent 
with Methods for Measuong the Acute Toxicity of Effluents and Receiving Waters to Freshwater and Marine Organisms (Fifth Ed.) 
EPN821-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-transfonmed juvenilefatmucket (Lamps",s si/iquo/dea) 
or another IEPA pre-approved native species, 

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

3. Reporting - Results shall be reported according to EPN821-R-02-012, Section 12, Report Preparation and shall be submitted to IEPA, 
Bureau of Water, Compliance Assurance Section within one week of receipt from the laboratory. Reports are'due to the.lEPA no later 
than 3 months following the tesi dale, ' 

4. Toxicity Assessment" Should the review of the results of the biomonitoring program Identify toxiCity, the IEPA may require that the 
Penmittee prepare a plan for tOXicity reduction evaluation and identification. This plan shall be developed In accordance with Toxicity 
Reduction Evaluation Guidance for Municipal Wastewater Treatment Plants, EPN833B-99/002, and shal!,incl~de 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 nol being removed by treatment, and other .ineasures as appropriate. 
The Permittee stiallsubmll to the IEPA Its plan for toxicity reduction evaluation within ninety (90) days following notlflcatlon by the 
IEPA. The Penmittee shall Implement the plan within nineiy (90) days or other such date as contained In a notification letter received 
from the IEPA. . ' 

The IEPA may modify this Permit during its term t9 incorporate additional requirements or limitations based on the results of the 
biomonitonng, In addition, after review of the monitoring results, the IEPA may modify this Penmit to Include numerical limitations for 
speCific toxic pollutants. Modifications under this condition shall follow public notice and opportunity for'hearing, 
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SPECIAL .CONDITION 14. 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 deflned 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 cohducted during defined low flow conditions betWeen July and September. Mussel surveys shall 
be conducted the first summer after permit issuance and annually thereafter. . 

., 

SPECIAL CONDITION 15. The water supply necessary for the operation of this facility is to be obtained from Lake Shelbyville via the 
Kaskaskia River, through a water supply agreement between the permittee and the Illinois Department of Natural Resources. While an 
alternate water supply is not prohibited by this special condition, It may require the modification of this penni!. 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 pennittee shall monitor Ammonia as N and report the concentration in mg/L being discharged. The sample 
frequency shall be once a month. The results of the monthly sampling shall be submitted with the monthly Discharge Monitoring Report. 
After two years the permittee may request a modification to the pennlt to remoye the ammonia sampling if justified by the sampling results. 

SPECIAL CONDITION 17. Chloride shall be monitored on a monthly 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 following public nollce and opportunity for comment. 
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Attachment H 

Standard Conditions 

Definitions 

Act means the Illinois Environmental Protection Act, 415 ILCS 5 as 
Amended. 

Agency means the illinois Environmental Protection Agency. 

Board means the Illinois Pollution Control Board. 

Clean Water Act (formerly referred to as the Federal Water 
Pollution Control Act) means Pub. L 92-500, as amended. 33 
U.S.C. 1251 et seq. 

NPDES (National Pollutant Discharge Elimination System) means 
the national'program for issuing, modifying, revoking and reissuing, 
terminating, monitoring and enforcing permits, and imposing and 
enforcing pretreatment requirements, under Sections 307, 402, 318 
and 405 ofthe Clean Water Act. 

USEPA means the United States Environmental Protection Agency. 

Daily Discharge means the discharge of a pollutant measured' 
during a calendar day or any 24-hour pedod that reasonably 
represents the calendar day for purposes of sampling. For 
pollutants with limitations expressed in units of mass, the "daily 
discharge' Is calculated as the total mass of the pollutant 
discharged over the day. For pollutants with limitations expressed 
In other units of measurements, the "dally discharge' is calculated 
as the average measurement of the pollutant over the day. 

Maximum Dally Discharge Limitation (daily maximum) means the 
highest allowable daily discharge. 

Average Monthly Discharge Limitation (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 averege) means the 
highest allowable average of daily discharges over a calendar 
week, calculated as the sum 'of ali daily discharges' measurad 
during a calendar week divided by the number of dally discharges 
measured during that week. 

Best "Management Practices (BMPs) means s,chedules 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 treatment requirements, 
operating procedures, and practices to control plant site runOff, 
spillage or leaks, sludge or waste disposal, or drainage from raw 
material storage. 

Aliquot means a sample of specified volume used to make up a 
total composite sample. 

Grab Sample means an Individual sample of at least 1'00 milliliters 
collected at a randomly-selected time over a period not exceeding 
15 minutes. . 

24-Hour Composite Sample means a comblnaflon of at least 8 
sample aliquots of at leas! 100, milliliters, collected at periodic 
intervals during the operating hours of a facility over a 24-hour 
period. " 

B~Hour Composite Sample means 'a combination of at least 3 
sample aliquots of at least 100 milliliters, collected at periodic 
Intervals during the operating hours of a facility over an 8-hour 
period. 

Flow Proportional' Composite Sample means a combination of 
sample allquots of at least 100 milliliters collected at periodic 
Intervals such that either the time Interval between each aliquot or 
the volume of each aliquot Is proportional to either the stream flow 
at the time of sampling or the total stream flow since the collection 
of the previous aliquot. 

(1) Duty to comply. The permittee must comply with all 
conditions of this permit. Any permit noncompliance 
constitutes a violation of the Act and Is grounds for 
enforcement action, permit termination, revocation and 
relssuance, modification, or for denial 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 toxic pollutants within the time provided In the 
regUlations that establish these standards or prohlbit'lons, 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 afier the expiration date of this permit, 
the permittee must apply for and obtain a new permit. If the 

, permittee submits a proper application as required by the 
Agency no later than 180 days prior to the expiration date, this 
permit shall continue In full force and effect until the flnal 
Agency decision on the application has been made. 

(3) Need to halt or reduce activity not a defense. It shall not be 
a defense for 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 conditions of this permit. 

(4) Duty to mitigate. The permittee shall take all reasonable 
steps to minimize or prevent any discharge In violation of this. 
permit which has a raasonable likelihood of adversely affecting 
human health or the environment. 

(5) Proper operation and maintenance. The permittee shall at 
all times properly operate and maintain all facilities and 
systems,of treatment and control (and related appurtenances) 
which are installed or ~sed by the permittee to 'achieve 
compliance with conditions of this permit. Proper operation 
and maintenance includes effective performance, adequate 
funding, adequate operator stafflng and training, and adequate 
laboratory and process controls. Including appropriate quality 
assurance procedures. This proviSion requires the operation of 
back-up, or auxiliary faCilities, or similar systems only when 
necessary to achieve compliance with the conditions of the 
permit. 

(6) Permit actions. This permit may be modlfled, revoked and 
reissued, 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 
permittee for a permit modification, revocation and relssuance, 
or termination, or a notification of planned changes or 
antiCipated noncompliance, does not stay any permit condition. 

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

(8) Duty to provide information. The permittee shalt furnish to 
the Agency within a reasonable time, any Information which the 
Agency may request to determine whether cause exists for 
modifying, revoking and reiSSUing, or terminating this permit, or 
to determine compliance with the permit. The permittee shall 
also furnish to the Agency upon request, copies of record,· 
required to be kept by this permit. 
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(9) Inspection and entry. The permittee shall allow an authorized 
representative of the Agency or USEPA (Including an 
authorized contractor acting as a representative of the Agency 
or USEPA), upon the presentation of credentials and other 
documents as may be required by law, to: 
(a) Enter upon the permittee's premises where a regulated 

facility or activity Is located or conducted, or where records 
must be kept under the conditions of this permit; 

(b) Have acceSS to and copy, at reasonable times, any 
records that must be kept under the conditions of this 
permit; 

(c) Inspect at reasonable times any facilities, equipment 
(including monitoring and control equipment), practices, or 
operations regulated or required under this permit; and 

(d) Sample or monitor at reasonable times, for the purpose of 
assuring permit compliance, or as otherwise authorlzeil by 
the Act, any substances or parameters at any location. 

(10) Monitoring and records. 
(a) Samples and measurements taken for the purpose of 

monitoring shall be representative of the monitored 
activity. . 

(b) The permittee shall retain records of all monitoring 
information, Including all calibration and maintenance 
records, and all original strip chart recordings for 
continuous monitoring instrumentation, copies of all 
reports required by this pemnit, and records of ail data 
used to complete the application for this permit, for a 
period of at least 3 years from the date of this permit, 
measurement, report or application. Records related to 
the permittee's sewage sludge use and disposal activities 
shail be retained for a period of at least flve years (or 
longer as required by 40 CFR Part 503). This period may 
be extended by request of the Agency or USEPA at any 
time. 

(c) Records of monitoring Information shall Include: 
(1) The date, exact place, and time of sampling or 

measurel')1ents; 
(2) The Individual(s) who perfomned the sampling' or 

measurements; 

(11 ) 

. (3) The date(s) analyses were performed; 
(4) The Individual(s) who perfomned·the analyses; 
(5) The analytical techniques or methods used; and 
(6) The results of such analyses. 

(d) Monitoring must be conducted according to test 
procedures approved under 40 CFR Part 136, unlesoother 
test procedures have been specified in this pemni!. Where 
no test procedure under 40 CFR Part 136 has been 
approved, the pemnlttee must submit to the Agency a test 
method for approval. The pemnittee shall calibrate and 
perform maintenance procedures on all monitOring and 
analytical instrumentation at Intervals to ensure accuracy 
of measurements. 

Signatory requirement. All applications, reports or 
Infomnation submitted to the Agency shall be signed and 
certified. 
(a) Application. All permit applications shall be signed as 

follows: 
(1) For a corporation: by a principal executive officer of 

at ,least the level of vice president or a person or 
position having overall responsibility· for 
environmental matters for the corporation: 

(2) For a partnership or sole proprietorship: by a general 
partner or the proprietor, respectively; or 

(3) For a municipality, State, Federal, or other public 
agency: by either a principal executive officer or 
ranking elected official. 

(b) Reports. All reports required by permits, or other 
information requested by Ihe 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: 

(1) The authorization Is made In wiiting by a perso 
described In paragraph (a); and 

(2) The authorization specifies either an Individual or 
position responsible for the overall operation of th 
faCility, from which the discharge originates, such a 
a plant manager, superintendent or person , 
equivalent responsibility; and 

(3) The written authorization is submitted to the Agency 
(c) Changes of Authorization, If an authorization under (t 

Is no longer accurate because a different Individual c 
position has responsibility for the overall operation of th 
facility, a new authorization satisfying the reqUirements ( 
(b) must be submitted to the Agency prior to or togethe 
with any reports, Infomnation, or applications to be slgne 
by an authorized representative. 

(d) Certification. Any person signing a document unde 
paragraph (a) or (b) of this section shall make th, 
following certification: 

I certify under penalty of law that this document and a 
attachments were prepared under my direction 0 

supervision in accordance with a system designed tl 
assure that qualified personnel properly gather an' 
evaluate the information submitted. Based on my inqui~ 
of the person or persons who manage the system, 0 
those persons directly responsible for gathering th, 
Information, the infomnalion submitted Is, to the best.o 
my knowledge and belief, true, accurate, and complete. 
am aware that there are signiflcant penalties fo 
submitting false Infomnation, including the possibility 0 
fine and imprisonment for knowing violations. 

(12) Reporting requirements. 
(a) Planned changes. The pemnlttee shall give notice to thE 

Agency as soon .as possible of any planned physlca 
alterations or additions to the permitted facility. 
Notice Is required when: 
(1) The alteration or addition to a permitted fecility mal 

meet one of the criteria for determining whether., 
facility is a new source 'pursuant to 40 CFR 122.2[ 
(b); or 

(2) The alteration or addition could slgniflcantly change 
the nature or increase the quantity of pollutaQu 
discharged. This notificatlQn applies to pollutant, 
which are subject neither to effluent limitations in the 
permit, nor to notification requirements pursuant te 
40 CFR 122.42 (a)(1). 

(3) The alteration or addition results in a significanl 
change in the permittee's sludge use or disposa. 
practices, and such alteration, addition, or change 
may justify the application of permit conditions thai 
are different from or absent in the existing permit, 
including notification of additional use or disposal 
sites not reported during the permit application 
process or not reported pursuant to an approved 
land application plan. 

(b) Anticipated noncompliance. The pemnlttee shall give 
advance notice to the Agency of any planned changes in 
the pemnitted facility or activity which may result in 
noncompliance with permit requirements. 

(c) Transfers. This permit Is not transferable to any person 
except after notice to the Agency. 

(d) Compliance schedules. Reports of compliance or 
noncompliance with, or any progress reports on, Interim 
and final requirements contained in any compliance 
schedule of this permit shall be submitted no later than 14 
days following each schedule date. 

(e) Monitoring reports. Monitoring results shall be reported 
at the intervals 'specified elsewhere in this permit. 
(1) Monitoring results must be reported on a Discharge 

Monitoring Report (DMR). 
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• pa r2) iff' ih~ '; permittee monitors any pollutant more 
frequently than required by the permit, using test 
procedures approved 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 shall utilize an arithmetic 
mean unless otherwise specified by the Agency in 
the permit. 

(I) Twenty-four hour reporting. The permittee shall report 
any noncompliance which may endanger health or the 
environment. 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 permittee 
becomes aware of the circumstances. The written 
submission shall contain a ,description of the 
noncompliance 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 expecteq to continue; and steps taken or 
planned to reduce I elimInate, and prevent reoccurrence 
of the noncompliance. The following shall be Included as 
information which must be reported within 24-hours: 
(1) Any unanticipated bypass which exceeds any 

effluent limitation In the permit. 
'(2) Any upset which exceeds any effluent limitation in 

the permit. 
(3) Violation of a maximum dally discharge limitation for 

any of ,the pollutants listed by the Agency In the 
permit or any pollutant which may endanger health or 
the environment. 
The Agency may waive the written report on a case
by-case basis If the oral report has been received 
within 24-hours. 

(g) Other noncompliance.. The permittee shall report all 
Instances of noncompliance not reported under 
paragraphs (12) (d), (e), or (I), at the time monitoring 
reports are submitted. The reports shall contain the 
Information listed in paragraph (12) (I). 

(h) Other information. Where the permittee becomes 
aware thai it failed to submit any relevant facts in a permit 
application, or submitted incorrect information in a permit 
application, or in any report to the Agency, 1\ shall 
promptly submit such facts or Information. 

(13) .Bypass. 
(a) Definitions. 

(1) Bypass means the intentlonal diversion of waste 
streams from any portion ofa1reatment facHity. 

(2) Severe property damage means substantial 
physical damage to property, damage to the 
treatment facilities which causes them to become 
Inoperable, or substantial and permanent loss of 
natural resources which can reasonably be 
expected to occur In the absence of a bypass. 
Severe property damage does not mean economic 
loss caused by delays in production. 

(b) Bypass not exceeding limitations. The permittee 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 
provisions of paragraphs (13)(c) and (13)(d). 

(c) Notice. 
(1) Anticipated bypass. If the permittee 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)(1) (24-hour notice), 

(d) Prohibition of bypass. 
(1) Bypass is prohibited, and the Agency may take 

enforcement action against a permittee for 
bypass, unless: 

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

(II) There were no feasible altemallves to the 
bypass, such as the use of auxiliary treetment 
facilities, retent!on of untreated wastas, or 
maintenance during normal periods of 
,equipment downtime. This can dillon is not 
satisfied if adequate back-up 'equipment should 
have been Installed in the exercise of 
reasonable engineering judgment to prevent a 
bypass which occurred during normal periods 
of equipment. downtime or preventive 
maintenance; and 

(iii) The permittee submitted nollces as required 
under paregraph (13)(c). 

(2) The Agency may approve an antiCipated bypass, 
after considering its adverse effects, if the Agency 
determines that It will meet the three conditions 
listed above In paragraph (13)(d)(1). ' 

(14) Upset. 
(a) Definition, Upset means an exceptional incident in which 

there is unintentional and temporary noncompliance with 
technology based permit effluent limitations because of 
factors beyond the reasonable control of the permlttl'e. 
An upset does not ·Include noncompliance to the extent 
caused by operational error, improperly, 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 
defense to an acllon brought for noncompliance wltli such 
technology based permit, effluent limitations if the 
requirements of paragraph (14)(0) are met: No 
determination made during administrative review of 
claims that noncompliance was caused by ,upset, and 
before an action for noncompliance, Is final administrative 
action subject to Judicial review. 

(c) Conditions necessary for a demonstration of upset. A 
, permittee who wishes to establish the affirmative defense 

of upset shall demonstrate, through properly signed, 
contemporaneous operating logs, or other relevant 
evidence that: 
(1) An upset occurred and that the permittee can Identiiy 

the cause( s) of the upset; 
(2) The permitted facility was at the time being properly 

operated; and , 
(3) The permittee submitted notice of the upset as 

required In paragraph (12)(1)(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 

permittee seeking to establish the occurrence of an upset 
has the burden of proof. 

(15) Transfer of permits. Permits may be ·transferred by 
modification or automatic transfer as described below: 
(a) Transfers by modification. Except as provided In 

paragraph (b), a permit may be transferred by the 
permittee to a new 0ll'ner or operator only if the permit 
has been modified or revoked and reissued pursuant to 
40 CFR 122.62 (b) (2), or a minor modification made 
pursuant to 40 CFR 122.63 (d), to identliy 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 automatically 
transferred to a new permittee If: 
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(16) 

(17) 

(18) 

(19) 

Page 14 
(1) The current permittee notifies the Agency at least 30 

days in advance of the proposed transfer date; 
(2) The notice includes a wrttten agreement between the 

existing and new permittees containing a specified 
date for transfer of permit responsibility, coverage and 
liability between the existing and new permittees; and 

(3) The Agency does not notify the existing permittee and 
the proposed new permittee of Its intent to modify or 
revoke and reissue the permit. If this notice Is not 
received, the transfer Is effective on the date specified 
In the agreement. 

All manufacturing, commercial, mining, and silvlcultural 
dischargers must notify the Agency as soon as they know or 
have reason to believe: . 
(a) That any activity has occurred or will OCcur which would 

result in the discharge of any toxic pollutant identified 
under Section 307 of the Clean Water Act which is not 
limited in the permit, If that discharge will exceed the 
highest of the following notification levels: 
(1) One hundred micrograms per liter (100 ug/l); 
(2) Two hundred micrograms per liter (200 ugll) for 

acrolein and acrylonitrile; five .hundred micrograms 
per liter (500 ug/l) for 2,4-dinltrophenol and for 2-
methyl-4,6 dinitrophenol; end one milligram per liter 
(1 mg/l) for antimony. . 

(3) Five (5) times the maximum concentration value 
reported for that pollutant In . the NPDES permit 
application; or. . 

(4) The level established by the Agency In this permit. 
(b) That they have begun or expect to begin to use 'or 

manufacture as an intermediate or final product or 
byproduct ariy toxic pollutant which was not reported In 
the NPDES pemnlt application. 

All Publicly Owned Treatment Works (POTWs) must provide 
adequate notice to the Agency of the following: 
(a) Any new Introduction of pollutants into that POTW from 

an Indirect 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 substantial change in the volume or oharacter of 
pollutants being Introduced Into that POTW by a source 
Introducing pollutants into the POTW at the time of 
Issuance of ttwpermit. . 

(c) For purposes of this paragraph, adequate notice shall 
Include infomnation on (I) the quality and .quantlty of 
effluent introduced into the POTW, and (II) any 
anticipated Impact of the ohange on the quantity or quality 
of effluent to be discharged from the POTW. 

If.the permit is Issued to a pubUcly owned or publicly regulated 
treatment works, the permittee shall require any Industrial 
user of such treatment works to comply with federal 
requirements conoemlng: 
(a) User charges pursuant to Section .204 '(b) of the Clean 

Water Act, and applicable regulations appeartng In 40 
CFR 35; 

(b) Toxic pollutant effluent standards and pretreatment 
standards pursuant to Section 307 of the Clean Water 
Act; and 

(c) Inspection; monitoring and entry pursuant to 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 is more stringent than any 
effluent limitation In the permit, or controls a pollutant not 
limited In the permit, the permit shall be promptly modified or 
revoked, and reissued to conform' to that effluent standard or 
limitation. 

.. 
(20) Any authorization to construct Issued to the' permittee 

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

(21) The permittee shall not make any false statemeni, 
representation or certification In any application, record, 
report, plan or other document submitted to the Agency or the 
USEPA, or required to be maintained under this permit. 

, . 
(22) The Clean Water Act provides that eny person who violates a 

permit condition Implementing Sections 301, 302, 306, 307; 
308, 318, or 405 of the Clean Water Act is subject to a civil 
penalty not to exceed $25,000 per day of such violation. Any 
person who willfully or negligently violates permit conditions 
implementing Sections 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 Violation, or by 
Imprisonment lor not more than one year, or both. 
Additlonal.penalties for Violating these sections of the Clean 
Water Act are Identified in 40 CFR 122.41 (a)(2) and (3). 

(23) The Clean Water Act provides that any person who falsifies, 
tampers with, or knowingly renders inaccurate any monitoring 
device or method required to be maintained under this permit 
shall, upon ·convictlon, be punished by a fine of not more 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 
both. 

(24) The Clean Water Act provides that any person who knowingly 
makes any false statement, representation, or certification In 
any record or other document submitted or required to be 
maintained under this permit, Including monitoring reports or 
reports of compliance or non-compliance shall, upon 
conviction, be punished by a fine of not more than $10,000 
per Violation, or by Imprisonment 'for not more than 6 months 
per Violation, or by both. 

(25) Collected screening, slurries, sluqges, and other solids shall 
be disposed of In such a manner as to prevent entry of those 
wa.stes (or. runoff from the wastes) into waters of the State. 
The proper authorization for such disposal shall be obtained 
from the Agency and is incorporated as part hereof by 
reference. 

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

(27) The permittee shall comply with, In addition to the 
requirements of the pemnlt, all applicable provisions of 35 iiI. 
Adm. Code, Subtitle C, Subtille D, Subtitle E, and' all 
applicabie orders olthe Board or any court with jUlisdiction. 

(28) The provisions of this permit are severable, and If any 
provision of this permit, or the application of any provision of 
this permit Is held invalid, the remaining provisions of this 
permit shall continue In full force and effect. 

(Rev. 7-9-2010 bah) 
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NPDES Permit No. IL0074268 

illinois Environmental ProleclionAgency 

Division 01 Water Pollution COlitrol 

1 021 North Grand AV.enue Easl 

Posl Office Box 19276 

Springfield,. JIIlnoi. 62794-9276 

NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM 

Modified (NPDESrPermll 

Expiration Date: .J1,!ne 30, 2005 

Name and Address of Permittee: 

Holland Energy, .LLC 
cioOonstsllallon PowerDevelopment, Inc. 
·111 MarketPlace, Suite'20o 
Baltimo.r~, Marytan~ .. ;~:1:!9.1:~1.19 

Discharge Number and: ·Name: 

'001 CoolingTowarBlowdown 
·Evaporative~Coole{6Iowdown! 9!arifier 
SluegeDewaterlng, Plant Sumps and Drains ._ 

002 North S\ormwalerBas!n - ·Storrnwaler, Hydroslatio Tesi 
Water. Waler Supply 'Pipeline Oleanout'Wal.er " 

Q03 :.South:Stprmwate 8asln - Stormwater,HydrostattcTest 
Waler 

Issue Dale: July 21,2000 
·Effeclive Dale: July 21, 2000 
Modification Dale: July 25, 2000 
Modification"Date: Deqember 31 J 200J 

"aellity Name and Address; 

Holland .Energy Facility 
Section '16, T 9 N,R 4 E 
Holland Township 
(Shelby 'County) 

Reoelvin'g Waters: 

i.<askasKI;rFUver 

\.Innameq Tributary to Brush:CreeK' 

Unnamedl'ribula(j'to Brush 'Creek 

In cOmpli"ncewith the..provislansalthe lIIinols Envtionmental Pn:>lection Act, Title 35 of 111. Adm. Oode, Subtitle.Q .and/or Suotltle. D, Ohapler 
1 ,and Ih.:Clean WaterAc! (OWA). the above-named .. pennllta€Hs hereby authorized to discharge at Iha abovelocallimto the abov"",amed 
r.eceivlng stream in accordahce·wlth-the standard 'Conditions ~mq·attachmen~s herein,. 

P·emiiUee Isnotaulhorizad 10 discharge ·after lha .above expiration date. In order .to reoeive authorization 10 discharge beyondlhe 
expiration'd"le. the permittee shall submit the proper'appllcatlon as required by the Illinois Environmental'Pratectlon Agenqy (I EPA) not -, .. ,"'..,. ~".~ .~""'""'.. c;l:: N~ 

. Thomas G. McSwlggln, P.E. 
Manager, .permlt Section 
Division afWater Pollution Control 

TGM:DELo00040601.daa 

EXHIBIT 2 
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Page 2 

'PARAMETER 

NPDES Permit No. IL007426.B 

Ef!!ueQt Limitations and Monitoring 

LOAD LIMITS Iboi/day 
OAF (DMEl 

so DAY 
AVERAGE 

. DAILY 
MAXIMUM 

CONCENTRATION 
LIMITS mg/l 

30·DAY 
AVERAGE 

DAILY 
MAXIMUM 

Modification Date: December 31,2001 

SAMPLE 
FREQUENCY 

SAMPLE 
TYPE 

1. From the effective dale of Ihispennltuntil the expiration date, Ihe·effluent ofthe following. discharge(sJshall be monitored and limited 
at all times as follows: ,. 

Outfall(s): 001 

Flow (MGD) 

pH 

Total Suspended Solids 

Oil and'Grease . 

Total Dissolved Solids 

Sulfates 

Tot"; ResidUal Chlorine 

Zinc \Iolal) 

Phosphorous 

Chromium (Iolal)' 

See Special Condition 1 

See Special COndition'3 

'15 

15 

See 'Speclal Condillon4 

D.2 

30 

20 

1,800 

700 

0.05 

1..0 

0;2 

Continuous 

2/Month Grab 

21Mdnth 'Grab 

2/Month Grab 

21Month Grab 

2/Morttli .Grab 

Continuous 

21Month Grab 

1/Moolh Grab 

i/Month Grab 

1/Quarter Grab 

'Quarterly sampling results 'for Chromium (total) shall be .sLi!3mitlEid during tlie months of April, July, Oelober "cd January for the 
prec6'eding three month period. 

-Outfall.: 0028.od 003, North and South Storrnwater Basins" 

Flaw (MGD) SaeSpecial Condition 1 Measure'When 
Monitoring 

pH See'Special C.ondltion 3 21Month Grab' 

Total Suspend"d Solids 15 30 2/Month Grab 

Iron (tala I) 2 4 21Month 'Grab 

Oil and Grease '15 30 21Month ·Grab 

~'See'SpeciaICondltion 16. Monitoring requirements and limitations apply only when discharging hydrostatic. test water or water supply 
pipeline cleaning water. 
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Page 3 Modification Date: December 31, 2001 

NPDES Permit No. 'IL0074268 

,Special Gondltions 

§PECIAL CONOITION ;. The di~charge flow from outfall 001 shall be measured on a continuous baSiS, and shall b'Heported a.s a monthly 
.average·anct a dai.ly maximum. The flow In 1he receiving stream Immedletely upstream 01 the outfall shall also be monitored, .and shall be 

.reported·as a dally minimum, monthlyeverage and dally.maximum. Within 90 days of the etlective date of this permit, the permittee shall 
submit a stream monitoring plan outlining the methods and procedures which will be. used to monitor and record streem ·flow. The plan 
should .Include the type andlocatlon.<ll the stream ~ow monitoring devlce,as well as expected perfonmance 01 the device·when measuring 
lower IiveriJows. The stream flow monltoring,Plan required under this special condition may'belncluded with, and submittad as pat1 of, 
the'Monltorlng Plan required In Speclat Condition 12. 

'SPECIAl CONDITION 2. This permiUs written with the expressed understanding that there will be no discharge frolTl this faGility cjuring 
extreme low riVer flow Gondltions. Extremelow.tlverflow·is defined as those times when flow in the Kaskaskia f<iver drops below 1'0 cubiG 
feet per saGond immediately upstream of the outfall. 

SPECIAL CONDITIQN:2. The pH shall be'in the range 6.0 to ~.o. The monthly minimum and monthly maximum values shall be reported 
on the OMR lorm. 

§PECIAL CONDITION 4. 

1. Water temperature'measured et.the end'Dl-plpe·for Outfall 001 mUllt not exceed the limits in1h'l following table. during more than one 
percentotthehours In the 12-mortth period endingwilh any month. Moreover,at no time will the watertempera,ture·at.such location 
exceed tlie limits In the following table bY'more than.So F (1.70G). 

2. 

Jan. 

60 

16 

Feb. 

60 

16 

.Mm" 

60 

16 

April 

.90 

32 

.May 

·»0 

.32 

.!.!!nl1. 
sa 
32 

~ 

90 

32 

90 

32 

!2.!mL 
90 

32 

Oct. 

90 

32 

Nov. 

'90 

32. 

Qru;. 

60 

16 

. . . ~ . 
Compliance withlhewater temperature limits ""ave will be detellTlined through ev.aluation of the lollowing monitoring requirements. 
A Gontinuous .monitoring device will be operated <'\.the 'end of the discharge, pipe and will measure temperaiure in theeffluen! before 
discharge to theKas~a$kla River. Mimthly Dlso.harga Monitoring Rep.ort.s will provide the Inslan\aneous dally maXimum water 

. temperature recorded for each day. tn addition, the·number Of hours that the hourly average effluent temperature exceeds Ihe 
approprIate value from theabo.ve·table must be reported, ;!lIong wilh the individual hourly average {empe,ature foi'the hours when such 
excursions ocour. 

3. Additionally, the water temperature ~elow the mixing zone musl not exceed by5'F or more Ihe temperature of the river water removed 
from Ihe Kaskaskia RiVer in the i~take,pipe. 

4. Compliance with provision #3 wlll be assessed on an hOurly basis. Inlake water temperature will be n,easured by a Gontinuaus 
monitoring d.evice and the .average hourly temperalure will be compared with Ihe everage' hourly lemperature reading from a 
continuous monitoring device Installed 10 the rivefimmediately below the mixing zone. The monthly Discharge Monitoring Reports 
musliist all hours In which the rlverlemper,,!ure at the edge 01 Ihe mixing zone exceeded the intake 'Iemperalure by more that ·5°.p 
as well as tha Intake and river temperatures during these events. 

SPF.C)AL CONDITION 5, . Samples taken in compliance with the effluent monitoring requirements shall be laken at a point representative 
.althe discharge. but priorlo·entry into the receiving stream, 

SPECIAL CONDITION 6,if'an.applicable effluent standard or limitation is promulgated und~r Sections 301 (b)(2}(C) and (D), 304(b)(2), 
and 307(a}(2) 01 the Clean Water Act and Ihat effluent standard ·or limitation .Is mote stringent than .any effluentllrnllatlon In the permit or 
conlrols a pDllutant not limited In the NPDES Penmlt, the Agency shall revise Dr modify the permit In accordance withlhe more ,stringent 
standard or prohibition and shall .0 notify the penmittee. 
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Modification Date: December 31 •. 20ch 

NPDES Permit No. IL0074268 

;Special Conditions 

SPECIAL CONDITION 7, The,permltlee shall re90rd monitoring results on Discharge Monitorl[l9 Report forms USing one such form for 
each discharge each-mon!h. The completed Discharge M.onitoring Report {oom·shall besubmllted monthly-to IEPA. no later than the 15th. 
afthe following month, unless otherwise:speclfled by (he·Agency, tothe:following address: 

Illinois Environmental Protection Agency 
Bureau·of W~ter 
Compllence Assurance. Section 
1021 North Grand Avenue East 
Post ·Office BOl( 19276 
Springfield. IllinOIs 62794-9276 

SPECIAL CONDI'rjGN 8 Ther.e shall be no disoharge of the 126 priorlty·pollutants, (;Kcept .chromiUm.{total) and .zlnc (total), in delectable 
amounts from ouffall 001, 'rhe discharge ·from Outfali QOl shail be monitore.d once per year for the metals and phenols. as fourrd at 35 
til, Adm. Code·Seclion 304.124. as well as the 126'pnority pollutants lisled.in 40 CFR 423··Appendix A. Ail analysis ·shall becompleled 
using an appropriate metbod contained in 40 CFR ·136 on other USEPAapprovedmethods. The results of this yearly monitoring shall be 
submitted with the Pecember Discharge ·Monitoring Report, 

SPECIAL CONDITION 9: .AII samples jor Iota! residual chlorine.shall be.anaiyzedby .an·applicable method,cl)ntaineq in.40 OFR ·136, 
equivalent in accuracy jolow-Ievel amperometric titration. 'Any ana.lytlcal variabinty ··of the method used shall be .consldered .when 
determining the accuracyapd precision ,of the results obtained, . 

SPECIAL CONDiI!ON i0,ln the.eventthat·th" permltlee shall require the use ofwater1rea.tment chemicals, other than thoseprop.osed 
In the.appllcatlonforlhis permit, the,.peImillee.shall·no\lfytheAgency in writing In~ccordance with the standard Conditions, Attachment 
H. The peomltriiay then be ·modified .or revised following public .notlce· and opportunity for heering., 

SPECIAl CONplTION 11. 

The permittee shall conduct blomonIiorlng of·theeflluent·from Ouffal1001.Quarterly biomonltorlng oUhe effluent discharge shaWbe 
. performed on a normal .operating day. Annual biomonitortng shall be performed on a· normal.operetingday during JUly, [,ugust .or 

September, -

Bieimooltorlng 

1, Acute T J)xicity 

A. Acute Toxl<;ity - S\andar~ definl!lve ·acute toxicity orestsshail be run on .• t least tWo trophic levels of :aquatic species.(flsh. 
invertebrate) representative oflhe·aquatlc.community olthe recelvihg.stteam. Except" .. noted hare and in the IEPA document 
"Effluent Biomonltoring and Toxicity Assessmerit". testing must be,consistenl with Mathods for'M~asurinq ttxe-Aaute Toxicity Of 
.Effluents·to Aquallc Organisms EPS 60eI4·90-027F, Untess substitute tests ara pre-approved. the following tests ar. required: 

a. FI"h·-96 hOur slatlc LCBO Bioassay using one· to two weeK old'fathead minnows (P1mephales. promelas). 

b, tnvertebraleAS - hour static· L050 Bioassay using Cerlodaphnla. 

B. Testing Frequency - The above tests shall be ·condllcted during the first four quarters of facility "freration ·for which there is a 
discharge and on an aMual basis lor the duration of this parmlt, using 24 . hourcomposite·effluenlsemples unless otherwise 
authortzed by·the Agency, Results shall be reported.according to·EPS 60014-90·.Q27F. Section 12. Report Preparation. and shall 
be submitted to IEPA withln-45 days of receipt of results. 

2. Chronic Toxicity 

A. Chronic Toxicity - Chronic toxicity tests shail be conducted on at least two troPhic levels of aquatic species (fish. invertebrate) 
representative of the aquaUccommunity of the receiving· stream. Tasting must be consistent with USEPA's .Short-Term Methods 
for Eslimating the Chronic Toxicity of Effluents and Receiving Water to Freshwater Organisms (Third Edition) (EPA 6Q0-4_91·002), 
Chronic biomotJitoring should require the following tests: 

(a,) Fish - Fathead minnow (Pinephales promelas) larval sUNlval and growth test (melhod 1000.0) 

(b,) Invertebrate - Daphnid (Cerlodaphnia dubie),uNival and reproduction test (method 1000.0) 
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NPDES PeiTnit No. IL0074268 

Special Conditions 

B. Test Frequency - The above jests shall be conducted during the first four quailers of facility operation for which there is a 
discharge, using 24.- hour composite effluent'samples unless otherwise authorized by the Agency. Results shall be.in ""ported 
according to EPA 600·4·91·002, SectioJ110, Report Preparation, and shall be subrniitetHo IEPA within 45 days of receipt of 
results. 

3. Toxicity Assessment - Should the review of the results 01 the biomonitoring program identify toxicity, the Agency shall require that the 
permluee prepare a plan for tOXicity reduclion evaluation an.d identification .• This plan shall include an evaluation to .determlne which 
chemicals have a' potential for blling discharged In Ihe plarit wastewater, a monitortng program to detemnlnethelr presence of absence 
and to .Identlfy other compounds which are nofbeing removed Ily treatment andlor other measures as appropriate. 

The Agency m~y modify this Permit during It. term to incorporate additional requlrerne~tsor IImitatiQnsbased on the results of any 
blomonltortng. In' addition, after review of ti)e monitoring results, the Agen<;y may 1,T10dify Ihis permlt:to.lnclud. numerical limitations 
'for specific toxic pollutants. Modifications under this condition :shall.follow public notice and opportunity for nearing. 

SPECIAL CONDITIQt::L!1.. The P,mi;ittee shall prepare.a monltorlng .. plan for the·following.chemical, phYsical and biological parameters 
In the Kaskaskia River and submit the plan to IEPA forreview.and approval wlihln90 days'ofthe effective date of the permit. Th" pl,.o 
shall address phosphorus,ialgae productivity'and aquatic species. The Permittee shall'implementlhe blo)ogical monitoring plan durif)9 the 
first defined low flow condltions·betweenJuly andSeplember after approval of the plan, . 

1. Phosphorus/Algae Productivity 

The Monitoring Plan will In!Oiupe .samplingo! selected water quality parameters and iodicators 'df biologicaJ productivity r,,!lated to 
dlscharge·of phosphorus ·a\a maximum of four locations upsl,e~m and downstream af the facility discharge during defined low flow 
conditions between July and September. Locations of the monitoring locations, selection of water quality parameters.·deflfiitiof) of low 
flow conditions, ,"nd methods·.o/measurement'of biol"gicalproductlvity, will be identified 1n the Plan. 

The.phosphorus monitoring.shall.be.conducted·eaoh year.prtor:t.o the Initiation of the facll~y operetlonat dlscharge.to establish baseline 
.conditions and annually thereafter. .' 

2. Aquatic Species 

The·Monitoring Plan shaH.inc!ude surv~ys fol' niussels,and thewesJern s~rid·darter·tha1'r?peat the. surveys 'cor:lductetl for !llixing zone 
and non degradation evaluations prior to permn.issuance. The:surveys wllt be condl,lcied during dt;!fined low'flow condilions:.between 
July and September. 

Aquatic species monitoring shall be'conducted each year priorto·the initiation o.flhe facilfty qpwational.discharge, in the fir"tyear of 
operation, and biennially thereafter for the·first term on the. pemni!. 

~. Temperature 

The monitoring .plan shall include a description of the methods·to implement Special Condition 4, including documentalion and 
delineation of the mixing :zone. 

4. Reporting 

An annual rej10rt anne results of Ihe stream monltoring'program will be submilled to the Agency by December 31st of each year. ... ,~~ 
SPECIAL CONDITION 13. Prior to .commencing operation, the permittee shall apply for and receive an NPDES per';i,ltmodificalion for 
the discharge of stormwater associated wUh industrial activity. The modIfioation request should include a site, map ,indicating 'the location 
of eachstormwater outfall and the area drained by 'each outfall, an Bslimate of stormwater characteristics for each outfall. The name of 
the receiving stream, and the latitude and longitude of each outfall. Acompleted Form.2F including sampling, sh.allbs submitted for each 
slomiwater outfall within 180 days cifihe start.of operalion. 

SPECIAL CONDITION 14. The water supply necessaT)' for the operalion of this facility is to be obtained from Lake Shelbyville via the 
Kaskaskia River, through a water supply agreem,ent'between the permittee and the Illinois Department of Natural Resources. A copy of 
the final water supply agreement must'be submitted 'to the IEPA prior to commencing .operation. While an alternate water supply is not 
prohibited by this special condition, It may .requIre the modification of this, permit. The Agency must be notifled In writing p~ior to use of an 
alternate water supply. The Agency will modify the permit following public noilce 'and opportunity for hearln.9. 
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'Special Conditigns 

SPECIAL CONDITION 15, There shall benp dlscharge'or polychlorin.ted biphenyl (PCB) counpounds such as those commonly used for 
transformer 'fiulds, 

SPEOIALCONDITION16, 

STORM ,WATER POLLUTION PREVENTION PhAN (S.wPPP) 

A. A stann water pollution prevention plan shall be developed bY'lhe permittee for the storm water assDclated with Industrial activity at 
this facility, The plan shall identify pDtential sources of pDllutiDn which may be expected to affect the quality .of storm water discharges 
assDciated withlh. industrial activity at the facility, In addltlDn, the plan shall describe and ensure the Implementation .of practices 
which are.to be.used to reduce the pollutants In storm water discharges associated with Industrial activlty.aHhe facility and to .assure 
compliance with the terms and conditions of !hi.s permit, 

8, The plan shall be completed within 180 daysdfthe.effectivedaie of this permit.· Plans 'shall provide'for compliance with the terms of 
the plan wilhin S65days of the effective date 01 this pennlt, The own.ror operator of the facility shall make a copy olthe plan 'avatiable 
to the Agency at anY'reasonable time upon Iequest. [Note: If the plan has already been developed a'nd Implemented It shall be 
'mainteined in accordence with "Ii requirements of this special condition,] . 

C, The permittee may be notified by the Ag.enay at any time that the plan does not meet the requirements of Ihis condition. Altei such 
notification, the permittee shailmake changes 10. the plan and shall submit a written certification thatlhe requesleO .. changes hav.e been 
made, Unless o.thelWlse provided, the permlttee'shall have 30 days alter:such notification to make.!he Changes, 

. D, The.discharger shall.amend·:the·pian whenev.ar there is.a change In construction, oper<!tion,or maintenance which may·affect the 
dIscharge df.signlficant quantities 'of pollutants to. Ihe.waters of the State or·if a facility Inspection required by paragraph G of this 
·condltien·indlcateslhat .an amendment is needed, The plan should also be .amended iNhe discharger is 'In violation ofanycDndltlons 
oflhlsof,erml!, o.r has nol..achieVed the. general objective oreonlrolling pollutanls In storm water .dlscharge~. Amendments Ie the :plan 
shall be made within 'the ·shortest reasonable. period Df time •. and ·shall.be provided to the Agency .for raVlew upon .request. 

E, The:plan shall provide a description o.f'pO,tential.sQurces which may :be'expected to·add significant quantitles'of pollutants to' storm 
water dlscharges,or whlch .. rnayresulUn nQn-storm-w.terdlscharges from storm water outfallsatthe faoility. The plan shaIiIMlu~e, 
~t.a'mihim.umt the· following Items: ..... 

1, AtoPQg",phlcmap.extendi"gon~quarter mile·beycnd the.property bounda'ies ofthe facllity,showlng:the'facillty, .surface·waler 
bodl.es,welis (InCludlng,lnjet:tlon weils), seepage. pits, Infilirali6n ponds",and·the dlscharge.points wherethe'facility's,stormwa(er 
di,charges to a municipal storm drain system or other wat"r botly, The requiremenls pf Ihi~ Paragraph may 'be included Cn Ihe 
site map If apprDprlate, '" 

.. 2, A slt.map·showlng: 

I. The storm water conv.eyance'and dischar;ge'structures; 

Ii. An outlipe .of the-storm water drainage ,areas 'for.·each storm water discharge point; 

Ill, Paved areas and buildings.; 

Iv. Areas Llsed for outdoor manufactur.lng, 'storage) or .dlsposal of significant materials, inclUding -a,ctlvlties-that generate 
"slgnincanlquantitles of dust.or partiCUlates, 

V, Location of existing storm waterslruetura! control measures (dikes, coverlngs,delentlon facilities, elc:); 

VI. Surface water 'locations and/or municipal storm drain location~ 

Vii. Areas cf existing and potential soil "raslon; 

Viii. Vehicle service areas; 

Ix. Materialloadingt unloading, and access areas. 

:), A narrative description ofihe'following: 
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Modification Date: December 31., 200·1 

I. The nature of theindllstrial acti~ities conducted at the site, including a ciesctiptionof significant materials that·.re treated, 
stor.ectordlsposed .ofin a manner to allow exposure to storm water; 

Ii. Mater!als, equipment, and vehicle .management-practice. employed 10 minimize contact of significant maierials with storm 
water discharges; 

Iii. Existing sjruotural and non'str~.ctural control mea.ures \0 reduce poUutants in storm water dlschar.ges; 

Iv. Industrial storm water discharge trealmenU.eillties; 

V. . Method.sof onsitestorage and disposal of significant materials; 

4. A list ofihe types of polluta~ts that have a reasonable'potential·to be present in storm water discharges in significant qUantifies. 

5. An estima.!e ofthe.slze of the facility In acres.or square fee~ and the percent olthe facility .that ·has ·imperviousareas such as 
pavement or buildings. 

6. A summary of existing· sampling data describing pollutants in storm w;ater discharges. 

F. The'plan shall describe theslOfT)1 water managemeni controls which-will be implemented.by the facil1ty. The appropriate controls shall 
renect:identlfied existing and 'Potenti~1 sources of pollulants .at the facility: The description of the storm water management c.ontrots 
shall indude: 

1. Storm Water PollutJonPrevenlion Personnel· Identlficalion'~yJob !lUes· of the lndiv'lduals who arl;o responsIble for developing, 
implementing, and :revislng the' plan, 

.2. Preven!lveMeintenanCe· procedures for Inspection and maintenance of storm water conveyane ... system. devices such as 
oil/waler separators, ,catch be.sins, etc" ano inspection and testing of plant equipment and systems that cou!d-Jail and resUIl in 
dlschargas of pollutants' to slorm water . 

. 3,Good Hou.~ke.pin9 • Good housekeeping' requires tl:!e maintenance of. clean, ·orqerly1acili\Y areas·lhat discharge storm wail'lr. 
Mate~al handling areas sMell be inspecil'ld and deaned to reduce the potential for pollutants to enterlhe storin water bOnveyance 
system. • 

4. .SpiliPreventlonand Respbnse .• ldentificationofareaswh"re sillnificant materiats can spill into orotherwise",nter:the storm water 
·cOiweyanc. systemsaQd their Bccompanyingdraimifl\l points. Specific.materlal handling procedures. s\or"geTequirem",nts,.splll 
clea~ up .equlpmentand procedures. should be Identified, as appropriate. Intemal nolification procedures· for spUls ·of.signlflcant 
'materials should be a.sta!)tlsned. 

5, 'Storm Waler'Managemenl Practices· Storm waler managemenl'p",ctices are"practices ether than those which control the source 
of polltitants. They include·measuresslIch as'lnstalling all and ;grit separator.S, !'!ivettlng storm water Into retentionbasihs, etc. 
Based on·assessment.of thE? potentla~ of varlou$ sources to contr-ibute: pollutants,. meaSUre!;; to remove polh:ltant.s 'from storm water. 
discharge shaUbe.implemented. In .developing the plan, the following management practices shall he considered: 

I. C.ontainment .. Storage within berms or other secondary'conta.inment devlces'to'prevent leak:s·and spills from entering storm 
water runoff; . 

\-i, Oil & Grease:Separation ~.Qjllwater separators t booms, skimmers Of ' other methods, to minimize aU cOhia,minated storm water 
discharges; 

"ni. Debris & Sedlment'Contro! ~ Scraens t booms. sediment· ponds or other methods to reduce debris and sediment in 'storm water 
discharges; 

Iv. W~steChemlcal Disposal ~ Waste chemicals such as-BriHfr.eeze. degreasers and used oils shaH be recycled or disposed of 
In,.an approved manner and -in'a: way which prevents them from entering..storm water discharg:Els. 

V. Storm 'Water Diversion - Storm water diver-sion away from"materials manufacturing, storage and other areas 'of potential storm 
water contamination; 

Vi. Covered Storage or Manufacturing ,Areas - Covered'fu.eling operations, materlals rnanufactur:ng Cli1~ storage areas to. prevent 
contact with '5~orm water. 

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



Page 8 Modification Date: December'31, 2001 

NPDES Permit No. ILQ074268 

Specral Conditions 

6, Sediment .and Erosion Prevention -The plan shall identity areas which due to topography, acllvllles, or othenactors, have a high 
potential for significant soil erosion and describe measures to limit.eroslon. 

7. Employee Training - Employee training programs shall inform personnel at ·allieveis of responslbili!y.·ofthe components and goals 
olthe storrnwater pollution contiol plan. Training should address to'pies such assp.i11 response. 9oodhousexeeping and materIal 
management practices. The plan shall identity periodic. dates forsuchlraining, 

8. Inspection Procedures - Qualified' plant ""rsonnel shall be identified to inspect desi.gnatedequipment and plant areas, A tracking 
or follow-up procedure·shall be used to ensure appropriate response has been 1aken.in response to an inspection. Inspections 
and maintenance actlvilles shall be·dooumented and recmued. 

G. The permittee shall conduct an annmllfaciity inspection to.vorlfythat all elements olthe plan, Including 'the sile map. potential pOllutant 
sources,and structural and non-structural conlrols to reduce pollutants In' Industrial storm water discharges'are accurale. Observations 
t11ai require a response andthe.appropriate response to the observation shall be retained· as' part.onheplan. Records documenting 
significant observations made during Ihe site inspectioh :shall 'be 'sUbmitted ·to the Agency in ' .• ccoedanc.e wlththe reporting 
requlrements·of this permit. 

H, This .plan should briefly descrlbe'lhe .appropriateelements ,of other program requirements. including Spill Prevention Control aod 
Countermeasures (SPCC) plans required under Section 31'1 ofthe"CWAand the regulations promulgated thereunder. andSest 
ManagementProQrams under 40 .cFR 125,100, • . . 

I. The plan Is considered a report Ihat"shaH be·'available·to the public under Section308(~) of the CWA. The permittee may. claim 
portions of the plan as confidential business information,·includlng anyportlo!,( dascriblng facility s¢curlty measures, . 

J, The plan shaH tnclude the sign"tureand title of the person responsible Jar' preparation oflhe.plan·arid 'include the date of initial 
preparation and each ·amendment thereto. 

ConstructIon Aulborizaflon 

K. Authovizatlonis hereby'granted to construct treatment works and related equiprhenUhat maycbe required by the Storm Water Pollution 
PreVetition develo'pedpursuanl tothls.pemil!. ~ ". 

This Authorizaiionis Is.sued SUbject to .the following condltion(s). 

1, If· any Stajehlent or representation 'is·found t.o be incorrect this .aulhorization may be·revoked an~ the pefmitt~ethere upon waives all 
Tights thereunder. .... 

2. The issuance oflhis authorization ('l) does·not·releasethe permit1ee'!rom any lIablllty!or damage \0 persons or property caused by 
or resulting from Ihe' installation, maintenance'or operation of the propbsed facilities; '(b) does·.not·take Into oonsideration 1he'structural 
stability oi.any units'or part oflhiSproject;and©,does not release the permittee fromcompllanca wltll'other appllcable stetutes 6fthe 
State of lilinois,or olher applicable local law, regulallons 'or ordinances. 

3, Plans and specifications of all treatment equipment being inCluded as parto! the slormwater management prattiee $hall be Included 
IntheSWPPP. 

4. Conslruction activities which result from treatment equipment installation, including cleaning, :grading and· excavation activities which 
result in the· disturbance olfive acres or more'ofland area. are not covere.d by this authorization. The.permittee shall contaclthe 'IEPA 
regarding the required permit(s). 

REPORTING 

L. The facility shall submit an annual inspection report.to the Illinois Environmental Proteclion Agency. The report shall include .results 
of the annual facility Inspection Which is required by Part G·of the Storm Water Pollution Prev.ention Plan of this permit. The report 
shall also include documentation of any event (spill, treatment unit malfunc!'!on, eto.) Which would require an Inspection, results of the 
inspection, and any -subsequent corrective maintenance activity_. The report shall be completed and :signed by t!19 authorized-facility 
employee(s) who conducted Ihe Inspectlon(s). 

M. The first report shail contain Information gathered during the .one year (ime period be'ginning With the effettlvedate of coverage under 
this permit and shall-be submitled no later than 60:days after this one year period 'has expired. Each.subsequent report shall-contain 
the previous year'·s ,information and.shall be .submitted no later than one- year after the previous year s repon was dUe. 
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Sgecia.1 Condllion§ 

N, Annuallnspec!Ion reports shall be mailed 10 the following address; 

illinois Environmental Protection Agency 
Bureau of Water 
Compliance Assurance Secllon 
Annuallnspecllon Report 
1021 North Grand Avenue,East 
Post Omce Box 19.t16 
Springfield, illinois 62794.9276 

Modification Dale; December 31. 2001 

.0. lithe facmty performs Inspections mor.-frequently than required bylhis permit, the results sha.ll be Includedas.additional Information 
In the annual repOrt. 
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Attl,u:hment H 

St:)ndanJ Condition!> 

Ooflnl.llool 

Act means ttle-Illinois 6.nl{lt'cnmental p(ott!c!ion Ac~ 415JLCS 5: as Amend~(I. 

AgOtlcy./'I'III;30S 1htl III!noli_ envllOnmcnlat Protection Ago,ncy. 

Boartl means lha illinoIs Pollutlon Control Board, 

Clo.an WaltH Act (fOrmet)y referred la, as Ihe··Fo;Id~ral Waler PoUutic1\.Conlrol Act) meM£ 
Pub, L 92-500, tiS Wlendcd. 33 U.S.C, , 251 ~t seq. 

NPDBS (Nalior1nIPOllulant Discharge- Elllmination syMem) meMs'lh~ nllliotll'll,Ptogrartr fot 
!ssuln9, moddyil\g, revoking ilM relUlulng, 1.~nnlrl~ling, moollorin9 and an(orclng pefmlls, and 
impo~ing and enlof/;ing pr(!treslmelll requlremenls, under St.lcUons '307, 402, ~1a !'lnd 0105 
of \he Clean Water Act. 

USEP.A metlmrlho Unlllld Slale$. (:nvlrollmljnlal Pro\adlon Agency. 

.Dally Dischllrgo means the discharge of:a pollutafl\ moasul'tld -duriflo 8 i:a1(J!'ldar day or any 
24.hotlr period Ihal rotlsontlbly r~pres~nlS lhe calendar daY-for purposc$,nf samplinD. For 
_pollu~ant6,wl!h limll<'lliOllS ~):p(c!:l$ud In unIts of mass, the "dally dh.t:hat9o"!$ calcul'lIed D' 
\he lotal mass oilhc pollutanl d~schnrg-!!Id D'I.e'r lile- day. 'For pollutllnts wHh limltal1o(Js 
exprcsscd lr1 olhllf'units of meas.utemllnts,1he ~Jjtllly tllSChElrgo' I, CllJcuI~ted as'1he lI',IOfl)1)1)
measur.orn!'1(lt tlf !-he.\'JOIlI.lIi;tnt Qverthe4uy. 

M~')(\mum'tl~lIy Ol$charil~ UmlhHlo.l1 (dati)' maximum) means'lhl;:'hlghesl'allowablll- dally 
dlschar9~," 

Av:tlt1\-90 Monthly OISI;IIiUQD LlmU:!Uon (20 -daY'uvorage) means- Ihlrhlghosl ilUc;wable 
average of'd",Uy dlf'charglls ovet tl calendar month, calCIJlalod 'as the tum 01' tlU dally 
discharges. rn<'rasured during a calend<lr month divided by the flumbe-r of dallY dlsct1<1r.ges. 
me?~ured c\lring th~( m(mQ\, 

Avorag.o Weekly' DlltCh"ll.rgu Llmltltlon (7 dOW average) moam. Ihe IlfIlMS! allowable 
1l~(Iragf! oC dally di&charges ove-r.a .calendar Weell" ca\eulo\lId B!I ·Ihe $um of 1111 daily 
i:!lsct;srg~s measwed: durin9 iii calendar wettk d(vided by 1he 'number QJ dally dlscl1argus 
,me'illstlred dl,Jrlng \ho.rwlHlk. . ' 

Sesl 'Management F'raeUce-s (BMP~)1nllan, schedules Of.~CIJvlIIe$", 'p(ohlbltlon$ (If pt'llcUeQ, 
mllintel!ance pfOcet;i\lrfl"S, amI '!ther m:flnagemel'ltPractk:es,lQ prevlllnl or reduce·the, 'Pol1uUOtl 
01 MlerS Qr,~hl!'Sla\e. 8MPs also Include,lrealmen1 teqlJlternen\s,-operallng procedure~r and 
Prodil:4s lO,(X)n\!"6f plan\ site- runoff, _$pillage or leak.s, sludge "Or waste' disposal. or drainage 
from Jaw malenal ~1oraj)e. 

Aliquot-means a sarnpl.e 01 :speclfied volume uso-d \o-me1<.c up Ii 101191 composile ,semple. 

Grab.'Sampl, mestw,i\n-lodiVIdual-sampkt t>! at lellst '100 mlllllitors-colieCled at.o: rrltldomlY. 
sell'lctep t1m~.Over a ()eriod not'~x(:eedlng 1:5 m!m.I\et.!i-. 

24 Hour Comp-osllo S;miplo means.'G combinalion.cf <lllleaSre'sl)mple:allquolsofalle.as( 
,00 mlllllllers, oo,lected -al periodi[;,jr'l!crvals during Ihe opel'l'll1ng-hOl.lts Q"f.a.fadntY:Qver'l).24. 
~cur period. ' , . ., 
.5 HO-~r CompOsltll Samplo means'a combination ot at least ~-SM1rtll "liquots of at le35(1'00 
mJl!llI,er.i. collecled alpenodic \n\efVals'uurlng tl'le..operatlng hour$ or e faohit).' !)Vcr ana·hour 
pwlod, 

Flow Prop0J11onnl ComposUe Samplo means. a,comblnal1on of sample oIiquots Oi'81Iet'1$t 
1U;:> mllhMe-rs co:ieclud al'peflodlc Inlervais·sudl 'tfl-at ekhnr Ihe time:·intervul 'bctwell'l'l, /ilnclT< 

:allauo: Of the '101l1i1\e,of eaCh ~nquot IS proportlonal,lo ~ither Ihft strnllr\"\ flow.aHhe··lImc·of 
sampling or ,tile lolal'.stream flow/since Ule'coUe-cIlQn of (he prnvloulI"llliqu(ll. 

{1} Duty to comply, The petmllloe rnu$-1 comply wlth-sllcondlll¢m;.o{ Ihl$'permlt Any 
parm'~ noncornpnatlce-cons.l/lutes.a VIOlatiOn of theoAct lind hi UfOuruJs'ror-'!l'l1lor(:t::ml'!l"It 
a~ism. Pllrmh tecmlnatlon, i/.1vocatiOn .and felssuanoo. tnod/ficn\lQ/l, or for denlolli"of a 
permit renewal application. Tbu pl!lrmltl~'shall t(lffip.ly with Illiluoni llandards. or' 
prohlbl;ion~ astebllshe.d 'under Secllon 307{1l) of the. '-Clean Water Act to( toxte 
pollutllnls wilhln 1M tlm(!- prollktcd'in 1M rtlgul2.llons that e.slabl[$.h Ihu'Se·'$.lllndtlrClIO or 
prohibitions, ~'Jen -If "the permit has not. yet beell moolflad to .1ncorp~te lhe 
requirement. 

m DUly to roQPPJy. lithe jXltnirttel'l WisheS to cootlnUe an ndlvily regulated by Ihls permit 
-oher the e~p1l"tlIIOn Q"llto ollhl~ permlt.lkle permUtae mU:H apply lor Bnd (lb(aln,a n~w 
permi!. 11 the peMltlee sutlmilS a pt"oper appUcalioo as feiluired by \he- Agency no la'ter 
than 1 SO,days .poor to the eXplr:lIlOtl dale, "fuls permit sball continue In lun f(1(ce and 
-tlHecl untlllh« llno! Agenr:.y docllllon on Ihe e.ppllcallon has been modo. 

(3-} t/el)d .to halt or rectoeo acUvlty not ;a dlllims9. 1\ shall nol be a (lcionsil Jor a 
permill<tll in an en(or-cemen(-actlOr1lhal It would ha .... e been ntGl!ssary 1o-hall or rllduce 
the permlttod actIVity in (\(derto rnainlaln eompliooCl) wltn Iht condlllon$ at,thls P9l-mlt. 

(4\ Duty to mltlgala, The permktee $/)&1113k.O at! reasonable'steps, 10 mlnimlzCl1Jr provoflt 
all).' ol$C1mrge in violallOfl ollhls permit whtdll'las -8 rea50l"lable Hl<.efibOOei oi ad"tl(st!ly 
attec\IO!) hUfi\PII healt(1. or U\lIl!ln'llro/'JllIflnt, 

(51 ProplJr oplll"lltion and malntal1l1nQ.b, "Tho iPfltTnlt1ce- shall al al I\.rt»S proP(!rly opefnlo 
'MU !THllflliJln all IncihllM and sySLems of IrOl.llmenl an(:l tonlrol (ann relntca 
appl.lneflMtCIl) whIch arliloslaUtlQ or u$lJd by \h~ parmll1ec·\f,l-llChicVO compliSllco 
wnh condlllol'1S of thIs p(!nnll.. p~opor operllilol'l Bnd,roafnt~Mnr..e 1I1cludas efluctiVii 
pr:rfOl'llHII'ICtl. odequale lunt"llng,lIdl1-qualPJ-oparnto{ statr~Q: and Iralning. and .ndbqua!tI 
l:l-bor>ttnry and proc~5S controls, Lncluding ~ppropriate,qutlfit~, sss.uram':(1 p«lCO!.iwra.lO. 
1"1115 'Pqwl$tClIl tequlrf)$. 1M Oplltaljon 01 bOlCk'"Up, or au:tlhnrv laeil:lln.s, or sImilar 
jj'f.~Il!m$. "Ol'lIywlll:trl nct:<:lsl>myl0 1ld'llev0 comphance wl\h,tht! condll!Ol"4s of tho permit. 

(S) !Parmlt actions, This pelmit may be modified, rovoketl and reIssued. or \C!rmlOD.led 
for cause by the Agenlq' purs.uanllo·40 eFR t22.ti2, Tho 'fliltIg (If'n ruques(,by Ihc
'Plllmltiel!dor t\ permit rnodUll!3liOI'l, revocaliol'l: and reis/iuatlee, or termlna.tlOn Qr a 
ADtifl~tion of planned changes '.or anllClpa\ed noncompliance, does .nol Slay l:IlIy 
permH oondl\1on. 
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(B) 

(9) 

Pmptltty r1ah~. 'rhl~ permll d9!lS nOI conVey any property rights of atW sort or any 
l.n:c.lusivtl 'privilege. I 

:Ou1Y to, provldo I(\formatlon. The permittee .shoH fUfl'llsh tI;Ilhe Ageney:wllhin a 
rell,sonable timft, anyinfoonallon which \hiil/\0gency may No,ue$t IO'dtlt/i1'm!ne Wheli1e! 
cause '(txlst:; for modifying. tevoking and. relssulnll. or terminating lhls permIt or te 
dalermlno eompliance -wifrrthe. permit. The permittee shall also lurnl::lh 10- the Agency, 
upon(rlquc$I.-~PI6'OI re'C(!rtI~ requ~d'io ,bf, keprby.llll$ permit. . 

Inll-pactlan ana entry. Thtl pcrmittee. ,shall allow an aulhorited reprcscntoHvtl ol1he 
Agency. upon the presenlollClO 01 aedenUatnm'd 'other dOOJtrlCn\$ ,11$ may be tequlted --- . 
(a) Enter upon the- ;pcrmiUec's preml&es whote ,a re-gulotC"d laellily or _BctlvhY,IS 

I~ted or.c;onducloo, orwtlere r/;lcorl:ls must be Itept undet'lhe contHlions or Ihis 
pt.lrm~: 

(b) HiW~ ilccesslo ,ami copy".aLrc_asonsble limes, any record's;"thal muM bil-kepl 
IJn.der It!e conditions. o11his peimtt: . ' 

(e) In..,paeL ~1 ~.easonablfJ:'1jrn(\,li ,e~y fll!;<il!\)e~. flIqulpInfJl-"I( Ilnclut;llng-mQ{ljtQring :alld 
-conlrol equipment), pra~ic:es., :Of operallol\s regulated or reqult~d UI\"dur thiS 
permit; snd 

(d) Sample or mort~or 1"11 reasol1ablf! time$:, f(lT 1M purpO$~ of ts$$Oring permit 
I:ot1lpJianct!,;O(" asoU1erwise'authortz.ed b,y the Ad, any substances or.parnme\er~ 
'at nelY loeallol'!. 

(10} MQllUoring IIInd r-ucDrd$. 

{a} Samples, .and measurermm\s: -lakBn'1or the purpOSC"ot montiorlng shall be 
repCII'sellwUve'ol the moml~ed"~C1.Nlty. . 

.I') The permillee sh1l11 retail"! (tlCOrdHlf a,1I ,O'lonilorlno information, Includltlg all 
-cal1braUo!1 and rnalnlBnance re~r(l"$,·antl all atiglrtal-slrip etlan recordings lor 
-eOnLinuous monllOllno ins1rumentallon, eQples'Q1 all fl'lpoti$ r~gult~d' tly Ihis 
pe!:miI., and'teeorrl~ Qf.all d-a~a used 10 Ctlmplele lhe applicatIon for this perm~.lor 
a pe'rloa ol.-alleest 3 y~ar1io from the dat&'ot this ilermlt, measuremenl,·report or 
Upp~catlo<1, Th1s.P!lr\Qd·may be extended by request.of 1M A?eOCttll My-Ume 

(c} Re-cordli 01 monllor!ng:JnIormallon:shalllnclude: 

(1) 'The: (jate. t:)(Qe\. )'Jlac¢, ancfllme tJ!:s-ampllng or maasurements: 

{2) Thlr'indivldualCs) who pei10mted the- s£lmpUog,or meas.uretnents; 

(3} Tile da\ets} ani;Iys.~s' wore.per/ormed; 

(4) The-llldivldUQf($) who performed ihc.-arouIY$l1s;. 

'~5} The tlnalyttclllle'chniques.ormetflods used; and 

(&) Ttl/) tIlsults lIf·such ,00lliily.stm. 

(9) MonltoMO mU$1 be:wridudad according to 1esl -procedo/"Cs Q[lprQVed I.lMet-40 
·CFRP~J1-1::16.' lUlIe-50S other ~Sl proo:;udurell·havtLbetili.spO:Cifled :;0 lh,lt permit.. 
·¥mer-e 'no lest prQccdure under 40 CFR P;art 1JG'has been IIPP(O'o'cd, ',In~ 
peonitlCil ~st,suDmll to ~h-e Agency -a lest method·lor,appro...al~ The /lermrttec 
shal] callbralo anti perform tmuntenal'ica procedU(l:!i!i'M ,all mallitOfing .and 

. poaly!lea!,instntmonlaIJon.at-intcrvals -\0 en/,ure 3CC\.1rat:;fCf (\,Hlll~rem~hk 

{11) Slnn.tory mqulremultl. All applicaUons, reports-'~ Informalion-sul)mllled'to Ihe 
AQtmcy shall be signet! and eertifletl, 

(a) Appllcatloh. An palm.1I. ~ppljcaUon$ .shall be slgned;\ls" (OUOM: 

.(1.) ror .. eorpol'lltJbl\! by a principal eXtlcutlve offtCer of at leqi$\'1I)e lovt~,or 
... Ice .praski"nl o(lJ"' U p'~tI$QI'I or PQsHlon. hlJvin,g ovtm111 re~poi\!;iblllly for 
unvironrnenta.l rnalle~ for Iha- COrpOflllllon: 

(2) For "II. panmtrshlp or "$(ole proprlolcr;$hlp! by s genera! partner or U\D 
proprilllor, Tespe~ivelY; or 

(3) 'For 11 municipality, Stalo, Federal, or other public agi'tncy: by eilher iI 
'prlrlcipal oxecutlve officer or rSrl)(lng -elected ofliclal. 

(b) Ruporu. All rcpons requlr4'ld by pormlts, or other informat!on rllqueSleJ1 by Ihe 
Agency shall be r.lgrlCd bY-II person described.in para9rnph (a) or by tI duly 
outhorllDd represonlalrvCl of "\hlll person., A person Is a duly 'lillthorued 
teprc$tmtaLiv.-!:t only II: 

(1) lh!l eUlhorir.:nllon Is m"llde 10 wrillng: by II person tJescribed in paragraph tal: 
ami 

\2) The :Julhoo;ntllon $.peC1f1es·aUher an Indll/idual or Ol posItion reSpon$ltlle for 
lli& QVerflll O~(IlU!)O -of tht! (acUity. from Ydl\ch the dIscharge orJ,ginatf.!$. llJCh 
ItS- .t'I p~nOl menailDr, :superintenoent 'or persl)l) of· equlValelll reSPofl!llbrllty; 
ond 

(3) The'WnUen ut.Jlhvr:tfl\'Orl is submltlild 10 the Age-nc.y, 

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



Page·11." 
(e) Chil:nl1~s or Authorl:tatfon. If.(ln authoril:'.alloo"Ond,er (b) Is no-longer 8Ct;Ut<!lo 

1;Iecausa 6 ,dirle:ront iodillidl1a) or pO~i1ion has responsibilitY for the overall 
operaUon of the 1ac1lity. a new -tlllthorl1:a\lon ,saU:;;fylng the requil'f!ml:!fI1~ of ib) 
must be submitle<l10 tho Agency prior-to or~QgC(her'With nny n:porIl!i, iolt'll't1Ullion, 
or apphC:!liOns ~o b& l.igned py.an 8ulhorlzucl represontative. 

(t2} R"!:portlnnfsqUJroments. 

(.a) Pl<'nn.fld "Changes. Th/,l.permlllllft sh'llit give Mllee to the Agene,Y a~ soon.as 
posslbJa'Ofany planned ptjy.stctllll'lterallom or addlUons 10 the permUted facility. 

(bl AnUclp~lod noncompllanco. 'rho; permlliClo shall olve advance notice to 1ho 
Agency of any plan.ncd change:> in IhO permilhltl lal::lllly or activity WhICh 'may 
f(\'.$ult in noneom.pliOnct'l with permll requltemenla, 

(o:) Compliance $1;htrClulu. 'Rbpor1$ of eof'l1pllanCIJ or noncompliance wfln. or .ony 
progress f'J:!ports. lXI.lnterim -Dnd final tl'lquiremenl$ containCl'c:! Itl an.yeomPlianCCl' 
s(:hedulll.o! tn's .fJcrml1. shall IJ!: -5l.1bmlt.tlld. no later than 1-4 da.,ys 1allowlng each. 
st:hedule date', ' 

(d) Monitoring rll'ports. Monitoring' rtlsuhs ,mall bl: repo/1otl III )hn ·lnlelVsfs 
"specified elsewMte In,thls 'permlt 

(1) Monilerlnll results mus) qe reported on 11 Dlschnrge Monllotlng Repon 
(OMR). . 

<i) If the- permittee monitors any pollutant more fr~quenllYlhan' requittsd by Ih$ 
permit, uslr:;g t~sl procedures spprove.d under 40 CFR 136 or as specified 
'In the. parmi!. the resutt$ 01 thi!> monitoring shull be included In the CQlc;4Il&~lon 
and rapollln9 01 ~herdat&·submitt.!!d: In lhc DMR. 

Pl Calculations lor "ttl! limilatlons whk:h require. svcra9in9 o'f tn~asureme(lls 
sMtJ uUl!ze ,aJl·orilhmtttlc I'nl3an unltlll$ otherwilll ::lJ'tlc1/1odi by 1ha Agency In 
tho p!!m'Ht, 

ie) TWil!lllY-!our hctn' nrportlng, The permittee ~hall report Ilny noneom"lIon~fl 
whIch may emlangtlr health or the ·environment. ,Any'fillcm'lfltlon shall .be' 
provld~ Ota~y Within 24 hOllrslrom Ihe-lime the.perm"lth!lll: be(:omes awaro (If'lhe' 
Clrcums:tatrlll:lll. A wrlHen.tubmlllslofl·shall also·be provIded wllhln S diJ}'s"Of ihe 
time tho' permltt~ ~t:OrM$ aw;tlll"()fthe dt'eomSlances, The written flubrnlsslorJ 
shall conillin a dE:,::t:Iplloo'o! tho noncompllance and 'Reo·r,.aUS-O: ,Iha PflnOd of 
noncompliance, 'lndl.:dlng (l)tlld dalcSMCi tlmo.: Md W thc.tloneompllanca ha$ not 
boen COmte10d, the .anl!l;Ipated Urnc '1IIs'c1tPlldcd lo'oonlll'ltic; end slep' lakfltl 
or plan!'l~ 10 reduce, '~llmiiu"e, lind prclfent 'r!:l.ocwrrenC:l;l;,of the n~eompllance. 
The lo!lowlog shalf,be'lflCI!,ldad ;ls:inlntm41Iol't Which musl be-.r.epl;I:[1erl withln.~4 
nours: 

(1) "Any unanllClp.ated bypass whk:h exci!le~ an')" effluent ,)lmllaUon lli 'Ih, 
petml\: 

(2) \(lolill!on'ol ,a lll2:(\mt1m dailY dl.sti1nme Iimitatiol'l for any of the pOllutMts 
llsled by the Ageney'!n th~ permit lo:be reported within 24 Murs', 

The ·Aoene.y may w.a\ye lite Wfltl!1ll.iepcl1 ell'! '.:I cas/!'by·case basls'lhhe or;ll 
reportha$ b~en receIved within 2,4 hours,. ' 

{O 'Oth(lr 1l0flCompUrmco, 'fbi! permittee, .. sholl ·rep.ort llU' Jrls!anee; ot 
·Mncompllance,no\ reportl\d .. I.IQder.:p~tagraphs (t2}{c), (1). Dr (ej, '.3Hhl:! lim~ 
m<mlloring 1QP\'fis,are ·$ubmilled. The teporl~ shall contain i.he Jnl.om);olh:m IiSle.d 

.\n"paragraph (12){e). 

~-g) OU,or'lnfomlJlllon, 'A11el"l1lhtr ~an:rijltee' bec:01TII'!~.aw~t,Q that It.tnllnd tQ'$ubmlt ..... 
ariy rclevanUt.lClS III ,8 perml~·<lppllr.:<1tlon, or 'Subn'lilted lnoorrad InfofITllI110nJn-a 
permlt applicaHnll, or tn any report 10 Ille l\g:encY,d shall promptly submit such 
"<lels'Qr Information. 

(1:3) Truns1er Qf p(lrrt\lts. A 'permll m~y he ~utomutlcaJly vanstcrrod to a new permfllQ'O 
~ . 

til) Tile eurranl pemllttaa'J,'\Ollfil;!$'lhe Agency at lell!>! "30 day~ In advance .(,It the
ptop0::ied t.r~015(t!!f d.&t~~ 

(b) The nolico'lnc!udo$ D \YIiIlen egreemantbcltweel'l"lt\ll' e:o;jsling and flew perrnltlt!!e$ 
cornall'lintl II ,s.pecific ,(WIn tor trans/lllr 01 permK rt!"$pOnslbllily. coverage· nnd 
lIabllhy pelWtlOfllild e\lrr~nt and IUlW permlUee",:.antl 

(¢) The Agency docS nol MOtUy t/UI ,mdsling permltte~ and lha propo$lJd 1'I"eW 
l'4l'n'lil1ee crl1$inlonl10 modify ot' rt:lvol;c- and (eISlU$lhe permit, Ilthls nolice 1$ 
no! roceilled, the Ir(1flSll'lr I~ ellectlve On !he date SpeciflCd In tho IlfJfeement. 

~,14) A"U manu/aduring, 'Commerolal, mIning, 'Dnd $Ilvicuhural'cllschnrgers must ItOtlt)' the 
Agency tlS soan all thoy knOW or'h-alle roasollio believe: 

. (a) ThrslDtly.llc1ivlly has occurred «Win O<:CIJrwhlch woUld restJlI In 1110 dlsChOlflJll 01 
any \ox\c polluUlnlldllnlified tlndllr Section 3Q7 01 the Clcan Waler Ad whiCh js 
no! !lml:ed In tria- permit, if lhal (liS.Ch3f9!l wm exee:e<lthe highcst or the following 
f)OliHcatit:m lellels: 

(1) Ono hundred mlcrogroms per liler(100 uull}: 

(2) iwo'oundred mlt;;:r'Ogtoms per liIer (200 u"n) lor acroleIn .ond ecrylon!tnll'l; 
Cil/a hundrod mlcragfllms per,liter (500 UOIl) for 2,4 .. t1inl1ropnenOI lind for 2 .. 
melhyJ..4,6 dlnltrophcno.l; Md onc milligram pDr mof (1 mOm for anli~t:"1Y. 

(3) ·Five {(O) 1imes 1M maxImum concenlr.a\Jof'\ v.,luo reponed for tJ1l"1.t polloJtrml 
in.lhe NPOES permit npplit;.alkm; or 

(.4) rhelevcl cslt\bllshed hy the Ageo¢1 in Uti! pormn, 

(b) That they have be9iln:or expect tl;l: begin 10 \lse or m2lnu/aetute oz an u,lernrediale 
or fiC1al pr:::ldud. ar tlypfO<lI.lCl any 10X!C,IXlIIt,IIOJn\ wlllel\ was nOI reponcti· In Inc 
NPOESpemlit tl))pUcalion, 

(15, All Publicly OWnC'd Treatment WorXs (POlWs) tnulil prov!de.adequate I)ollce 10 Ihe 
Agel'll;)' of lhe foUowm!l: 

W Any new lnlrtldl.lctlo(l 01 polluli:mts ,Inlo .Ihllt P01W from an lOdirec\ dlschafge 
whlch·would be SUbject to SeC\lons 301 or 3(}6 ollhe-,Clenn W:uer ActU i\WIU& 
directly dl$char~IIfW those pollutants:.eM 

(b) Any subslanlb!l Chang~ in the volume·or charaeler of pollutants being Inlrotlueed 
Into lhal POTW by.e ~ourC13 introducing pollutants mlo-Iht! POTW althe lime ell 
luuancc of tho ptirmU. 

(c) Foc purposes of Ihls parallraph.·a(lequalo nolice $nall Include: information on (I) 
lilt! 'qvatUy and quoolity OI':cff1uenl )nl~oduced into Ihe 'pom, land '(11) any 
Bnllelpaled Impact .of the eh~ulgt':'on the quaoilly Qr 'qualily of .el/luer'li 10 b& 
tnseharged from th~ POTW. 

(16) II \he"permlt is'luuect.lo a pUbliCly lW(neQ: or pupl\cw'regulaled ~eaJmem works. the 
permttlee shalt fllqIJirc ~ny induslmtl U$ct o!':!iueh frll'atmenl work~ Ip tl;l:mj')j~'wJlb 
Icdet<11 rl!lquitemol1ts <I\looemlo\l: 

(a) Us~rdlnrge$ pursuant to Sectloo 204(b) or the ~Iean Water Act, and applicable
regulations'appearlng'ln AO CFR 35; 

lb) Toxic pollulanl effll./"ents:l.<lnasrds.l1nd pwlteatmenl.slnndatds pursuant 10- Section 
307 oHM, Cl<;af'l' Water Act: and . 

(0) !n5pection. mon~oM~ and entt)' purl>\JSnl lO'Section :lOS -of the- CleanWaler'Act. 

(17) If'lln applicable standard ol'llmllillion i~'promulgated under Section 30:t(b)(2)(Cl2nd 
(0), 304(b)(2), or 307(")(2) an(!. Illal eHluetli slamtan:1 -or IlrnitllUon hi: mo(e-~str\nQent 
Ib-ar. ,'liny effluClJi'It limitation. In the .permit, or 'ccntro!s Q PQllulant 'fIOl Itmitetl in the
permit. the perm~ she" b~ promplly mbdJned.or revoked, and rej$'sued 10 conlorm to 
Ihat -uriluent'slIIndard or llmltaUon. 

(Hl.) Any nuthorUaUon to eons\(Ucl /$$UM '10 the permittee In,r$U\1n~ to 35 JII. .. Adm, Code 
309.154 Is hereby JrlcOfiXlreled- by relerence as a .cOndillon 01 thl$ permit, 

(1:9) The plil:rmi\t"e shall "(\0\ make anY',fallle slatemlmt rcpre!enl.a\k)1'L or~rtKictlf,orl In,arw 
appltcatlQQ. retorll! ,raport, plan Qr -other document 'submiU""d to- the; Agency or the. 
USEPA, or rtlQulrod 10 De malnlaJned under Ihls. perml!, 

(20) 'The ,Cle'tlFl WaltH Act provIdes: '\:hal any ptw.on 'who, viotat~ u permit co,nt{ltJci,; 
Impt(JmenUn,g'Seclillns ",,01, 302, ~ •. 30r. ~()(\,3ta, or'4QS ottho, CleanWaler Ad 
110 ,SUbJnct 10 a Civil penally llot 10' exeeea·.$10,OOO per oay ot such.vlolation, Any 
person ,who'wlllfully Dr negDgenlly,vlolales permIt C!lndU!ons Implementing Sections 
301, 002,.300. 307, orS08 of Ihe: ~e:an Wp!er Ad 11u.ubJeet: 10 a fin~ oj not less.'lhl'lll 
S2,SOO.nnr IT\(Ire than $'25,000 per. allY (I( V.loJaliolJ. IX by Impfisollrnenllot nct'mQre 
than one >,,,ar. orb.oth. 

lil) The' CAcan Water Act provldU$ titat any pcr;aon whQ fal~ifle$, ·!il.mpen, w~n. or 
'MOWi!l.9!Y tenders IrtOiecura\-I$, any monllonfl,g Cle .. ICe ',Of melhod re.qulred 10 be 
rnalnlaloed'Ul'loerpetmil: shrul,.upon conviction; bEl: puriiShed:by a flot! otnol more .lnan 

:$IP,CCO IHlrvl9lalion, or \?y /mposonfl1-eOI for not more than 6 monlhs, par violaUon, or 
.bY.,tl.6U); 

,(22:) "fhe,CJean Wat{lrAet.pr.oyldes tllal any p·er$:on.WhQ knOWingly maKes ,any ra"tl>.c 
statement. representalion. 'or -certifleaUOQ 1n any rec;ofd'(;lr .o\her (/Qt::umetll sl,Iomitt.ea 
or r~quired·t() be malntalocd Uf'lOt'l( ,this peNnI! ,thall. loc!IJdlng ml;l,.,Uorlt\g teports Qr 
repottiof ,~lianM -ornon-eomp!II1nce-,)';hall .. upon r;oovic\ltm, be.\'ll.mi$hed by (I fine 
til not morc Ihan f10.000.per violaUon, w t;y "lmprisonmenl for not more 1han 6 mo.nUis 
perviolalion. or'by bolh, 

(2'3) C()\lee\.lld s~enlng, slunies, Sludgcs".:pnd olher solids shall bt: t11$pI)$ied or In 1I1,1t!h 
a manner as lo-.provanl rml()l 01 tho$e wasl/lS (or J1mor(./rom·lha wastes) Inlo walet.$ 
ollho Siale, The prop!)r t!ulhoriz.aUon 'for-!r.uCtI dlspoSAI shall'be' obtained from the 
Agency and Is Iocorporaled .fI:iI.part hereof by tefeNltI~, 

(24) 1n ease ot confilC\ bafV{Den the$-e 'lilandard conditions and any other condiUOrl(s) 
l~cl\JtJlld in thts permlt:lha clMr condlllon(s) Sh:aU gQvetr).. 

(25) The p~rmH.1.ac ,~htll' comply with, in addiUon 10 Ole: leQulromen1s- of Ih<t -permit, <I" 
.npplicn'\)lo prc>vj.sion=:.of '35 '111. Adm. Code, $ubUUtI C, Subtilin 0, SUbtllle e, Md alt 
IlppllcBblo -orders- 0/ the Boaltl. 

(26) Tht PIWI:\,lon$ olltlin pl!rmit att severable, and If any provisllm olmls permll. or'the 
appllcallor\ 01 any proVision 01 this pllnnit is he~d Invalid, lIle remaining pro\'lsJons. Df 
this permhhlll1.contlnuu In fulL"forctr:snd efl~ct., 
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December 29, 2004 

A Member of the 
Constellation Energy Group 

Illinoi s Enviroiitnental Protection Agency 
Bureau of Water 
Compliance Assurance Section 
1021 N. Grand Avenue East 
P.O. Box 19276 
Springfield, Illinois 62794-9276 

RE: ' NPDES Permit # IL0074268 5-year renewal 

Please fmd enclosed the renewal application forms from Holland Energy for the 
NPDES Permit # 1L0074268 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 sainple during at least an 8-hour day during times of operation, (This is 
due to the facility not continuously operating in 24-hour periods). 

Effluent Limitations and Monitoring: 
Ontfilll 001 

Specify Monitoring Point for outfall 001 at the lift pump at the facility and piped to 
the lab in the water treatment building. 

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

_____ R,R2, !~()X 270-A, Beecher City. IL 62414-Cl065 • Plione: 618..t187-5190 • Fax: 6I,8-4g7-_,-51,-9~2 ____ _ 

EXHIBIT 3 

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



A Member of the 
Con~tel[ation Energy Group 

Change Limit Concentration for Daily Maximum to 30 mg/l for Oil and Grease. 

Change frequency from "continuous" to "daily" for flow and temperature readings. 

Eliminate Chromium, Zinc, Oil and Grease, and Chlorine from list ofpararneters. 

OutfaIls 002 and 003 

Change the sampling frequency fr0111 twice per month to once per discharge. 

Tfyou have any questions, please contact Steve Dobbs or myself at 618-487 -9120. 

/ 

//, //. 

// ~a ry Hatffel1. 
;;:// General Mcmager 
Y Holland Energy, LLC. 

Enclosures 

Cc: Dale Linaweaver 
Edward F. Tracey 

File: Watel'lNPDES Permit 

RR2. Box 270A. Beecher City, lL 62414-0065· Phone: 618-487-5190' Fax: 618-487-5192 --------------- ----
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ILLINOIS ENVIRONMENTAL PROTECTION AGENCY , 
1021 North Grand Avenue East, p.o. Box 19276, Springfield, Illinois 62794-9276. (217) 782-2829 
James R. Thompson Center, 100 West Randolph,. Suite 11-300, Chicago, iL 60601. (312) 814·6026 

PAT QUINN, GOVERNOR DOUGLAS P. SCOTT, DIRECTOR 

217/782-0610 

April 18, 2011 

Holland Energy, LLC 
722 North High School Road 
Indianapolis, IN 46214 

Re: Holland Energy, LLC 
NPDES Permit No. IL0074268 
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 meet any portion of the Permit could 
result in civil and/or criminal penalties. The Illinois Environmental 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 letter 
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, IEPA 
raised concems 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 
wastestream would not adversely impact aquatic life within the receiving water. It is 
inherent that biosurveys of this nature are subjeqt 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 the 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. 

Rockford" 4302 N. Main St., Rockford, [L 51103 m (B15) 987-7760 

Elgin 0 595 S. State, Elgin, Il60123. (847) 606·3131 
Bureau of Land - Peoria .. 7620 N. University St., Peoria, II 6 T 614 .. (JOg) 693-5462 

Collinsvillto" 14009 Mall Street, Collinsville, Il62234. (616) 346·5120 

Des Plaines" 9511 W. Harrison St., Des Plaines, IL 60016" (847) 294-4000 
Peoria .. 5415 N. University SI., Peoria, IL 61614 .. (309)693·5463 

Champaign .. 2125 5. FIrst 51., Champaign, It 61620 .. (217) 276·5800 
Marion D 2309 W. Main 5t.,Sutte 116, Marlon, IL 62959 .. (618) 993·7200 

PrillltX! on Recycled Pllper 

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 G:ondition 17 was added which 
outlines the monitoring requirement for chloride. 

2. The Total Dissolved Solids (TDS) li1nit was removed from the pennit. The Illinois Pollution 
Control Board eliminated the TDS water quality standard on September 4,2008. 

3. The sulfate limit was removed from the penni!. 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, htlp://epa.state.i1.us/water/edmr/index.htmI. 
If your facility is not registered in the eDMR program, a supply of preprinted paper DMR Forms for 
your facility will be sent to you prior to the initiation ofDMR reporting under the reissued permit. 
Additional information and instructions will accompany the preprinted DMRs upon their arrival. 

The attached Pennit is effective as of the date indicated on the first page of the Permit. Until the 
. effective date of any re-issued Permit, the lilnitations and conditions 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 yo~ have questions concerning the Permit, please contact Leslie Lowry at 217 /782~061 O. 

Alan Keller, P.E. 
Manager, Permit Section 
Division of Water Pollution Control 

SAK:DEL:LRL:06100601.daa 

Attachment: Final Permit 

cc: Records 
Compliance Assurance Section 
Champaign Region 
Billk:!.ng 

,.',' 
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ILLINOIS ENVIRONMENJAl PROTECTION AqENCY 
1021 North Grand Avonue Easl, P.O. Box 19276. Springfield, IlliMls 6279~·9276. (~17) 782·;2029 
lam., ~. lhompsnll Cenler, 1(lO West R'ndolrh, Suile 11.300, ChkaBo, 11.60601 • (312) 814-6026 

217/558-2012 

September 23, 2010 

Ms. Susan Hodman 
USEPA Region S, R-I9J 
77 West Jackson 
Chicago, IL 60604 

PAT QUINN, GOVEKNOR DOllO~AS p, SCOTT, DIRECTOR 

RE: Request for Approval of Alternate Test Method Per 40 CPR 136,5 

Dear Ms. Hedman: 

OUf office has been in contact with Rob Pepin of US EPA Region 5 Permit Section regarding the 
use of a unionid mussel toxicity test. Illinois EPA desires to issue a permit to an i:n!ennittent 
electric power generation plant (peaker plant) with a condition requiring mussel whole efi1uent 
toxicity testing using an ASTM Method (E2455-06). We may also find that this tcst is necessary 
at other facllities where unionid mussels are of interest. We are hereby requesting the approval 
ofthc Regional Administrator pursuant to 40 CPR 136.5 regarding our use of this test method. 

ASTM Method E2455-06 is designed similarly to existing USBPA approved methods such as 
2002.0 and 1002,0, acute /Uld chrcnic effluent toxicity test methods for daphnids. Mussels arc 
increasingly being tested due to their sensitivity to pollutants and dec\lning populations in river 
habitats. USEPA's recent pulilication of National Water Quality Criteria for Ammonia 
(December, 2009) useS similar if not identical mussel toxicity tests as justification for the 
ammonia criteria. The approval ofthls test under 40 CFR 136.5 by the Regional Administrator 
is vital to OUt use and defense of the mussel test In pennlts. I have enclosed a page from the draft 
pem1it that represents our intended use of the mussel test as a permit condition. Future uses in 
permits would be simillU' or identical. 

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

Sincerely, 

Robert Mcsher 
Manager, Water Quality Standards Unit 
Division of Water Pollution Control 

ROM:dJplhlll1n.namUSl;'tlllet 

co: Rob Pepin, USEPA Region S, WN-16J 
JLeslie Lowry 

_~, ___________ w _____ , _____ ,~ __ ~_~, ___ _ 

Rockfonl ... 4:m1 N. I"..\,LI(( !ll" Roc.1;!!llcI, IL EI1 101. (81 S) !l07.7760 
~I!lil) , ;'<)5 S S!~tt', C11lill. IL 00 12~ • (8-017) {irHh31.ll 

IlurlJ"OIlJ (Jf L;:md _. Pu-oria' 7/i;l.O N. UnlvcrhUy 51., PeOrlill IL 6161 <j • (;)09) [)9J·54e:! 
(pllllI~ ... illc • ,7.ot)Cj Mall Slr(·(>I .. C.ulllmvlllr.'. IL 622J<I • (C,' fl) l'\to·S120 

EXillBIT 5 

D~~ I'laioe~. 9511 W li,IO!50n 51., D('~ r"lalne5, IL 601)1G K 11l~7l1!l4-4000 

P"lll'la' S~1S N. Unlvc!1.1ty St., Peorill, Il &1 6014" (JO~) 6!lJ·,501flJ 
C:halYl(l~ign. 2125 S. Flr~l St., Chllmprdf;t\ Il611120. {2i71 nIl·sSuo 

MarlQu" 2300 W. MaIn 51., Sulle-l 16, M,lriun, IL 62959" (518) 99"1.7200 
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NPDE$ Permit No, IL0074268 

Special Conditions 

N. Annuallnspectlon roports shall be mailed to the following address: 

Illinois Environmental Protection Agency 
aureau 01 Water 
Compliance Assurance Section 
Annual Inspection Report 
1021 North Grand Avenue East 
Post 01'llC9 Box 19276 
Springfield, illinois 62794"9276 

p, 08 

0. If the (aclllty performs Inspections more frequently than required by this permit, the results shall be Included as addltionallnfonnalion 
In lhe ennual report, 

SPECIAL QQ.,NPITION 13. The Pennittee shall prepare a prel1mlnaIY blomonltorlng plan and submit the plan to the IEPA for review and 
approval wIthin ninety (90) days ofthe eff.clivo date of this Permit, The Pennlttee shall begin biomonitoring of effuent frolrl Outfall 001 
the first summer after plan approval. 

1;l1QmQn1.t9L.\P9 

1. To<lcity Test" Acute (4-d) and short·term (14.d) toxicity tests .h~1I be run on juveniles 01 mussel species representative of the aquatic 
community 01 the recolving stream. Procurement and tesling of organisms must be consistent with standard Guide for Condur,tioo 
l,~.\101'f;tON Toxlcitv T£!a!s with Freshwater Mllssels IASTM 52455.06), Guidelines lor measuring effuent toxicity must be consistent 
wllh Methods for Mea§uring the Acute ToxICity 01 E1'Iiuenta And RAcelvlng Waters to Freshwater and Merloe Organisms (Fifth Ed.) 
EW821.R"02-012. Unless substitute tests ere pre-approved; tho following test is required. 

An acute (4"d) and short-tenn (14-d) st~tic·renewal toxicity test using newly"ll'llnsformed juvenne fatmucket (Lampsilis slllquoidea) 
or another IEPA pre"approved native species. 

2. Tosting Frequency" The above test $h;all be conducted using 8-hour composite effluent samples (one lnalal sample and suffclent 
ronewal samples to be detomllned in blomonlorlng plan) dlschargec! under normal operating condltion~ unless otherwise Buthoril.ed 
by thelEPA. Upstream water of the Kaskasl<ia River is to b. supplied to conduct serial dilutions. Testing must be conducted once 
par y.ar for two year beginning Ihe ftrst summer aiter permit issuance. 

3. Reporting· Results shall be reported according to EPAl821-R-02·012, Secijon 12, Report Preparation and shall be submitted to IEPA, 
Bureau of WeIer, Compliance Assurance Seollon within ana week of receipt from the laboratory. Reports are dUe to the IEPA no later 
\han 3 months following l11e test date. 

4. TOXicity Assessmsnt- Should the review olthe msults Qflhe biomonitoring program Identify toxicity, the ItoPA may require that the 
Permiltee prepare a plan for toXicity reduction evaluation and Idenllficatlon. This plan shall pe developed in accordance With Toxicity 
Reduotlon cr,)lf,Ilu@tlon Guidance for MlIr.ili.ij~Rtewater Treatment Plar.JJ;~, EPAlB33B·S9/002, and shall include an evalualion to 
determine which chemIcals have a potential for being disahargeclln the plant wastewater, a monitoring program to determine their 
presence or absence and to Identify othor compoundS whlah are not being remOved by tteatment, and other measures as appropriate. 
Tho Permittee shall submit to the IEPA Its plan for toxiCity reduction evaluation within ninety (SO) d.y. following notification by the 
lIoPA. The Permittee shall implement the plan within ninety (90) days or other such date as ·cont.ln~~ In a notification lettor recolv~d 
from the IEPA. 

'The I EPA may modify this Permit during Its term to Incorporate addillonal reqUirements or limitations based on the results of the 
blomonltorlnQ. In addition, afler review of the monitoring I'Osult$, the IEPA may modify this Pennit to inclUde numencaillmlt.tions for 
speolfic toxic pollutants. Modifications under this condition Shell follow public notice and opportunity for hearing. 
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, 

, ~! 

UNITED STArES ENVIRONMENTAL PROTEctiON AGENCY 
REGION 0 

77 WEST JACKSON BOULEVARD 
CHICAGO, IL 60604-3590 

FEB 23 2011 

Mr. Robert Mosher 
Managor. Water Quality Siandards Unit 
Division of Water Pollution COIlII'D1 
I1linoi,~ Environmental Protection Agency 
p,O, Box. 19276 
Springfield, lllinois 62794·9276 

DearMr, Mosher: 

REPL no THE A n6NT,ON OF: W C·151 

I am responding to your Alternate Test Procedure (ATP) ApplicatioIl for Limited Use of 
ASTM Me,a~od E24SS-06, Method E2455·06 is tho "Standard Guide for Conducting Laboratory 
Toxicity Tests with Fr<;oshwater M"sse!s." We have received and reviewed thc corresponding 
Illinois EnVironment Protection Agency reql\est and supplemental materials. We are pleased to 
inform you that based on our revi~w and the recommendation from o~\r technical staff. tho 
proposed procedures arc approved for Limited Use. 

111is approval is provided under the aUlhority granted to me in 40 CFR Section J 36.5. and 
may be used in relation to the Clean Water Act National Pollutant PiRcharge Elimination System 
(NPDl:lS) and Pretreatmont Program Monitoring. This approval is for tho analysis of Acute and 
Chronic Whole Effluent Toxicity using freshwater mussels as a test species and applies 
exclusively to the Holland Energy Faoility. llJinois NPPf:S IL0074268. 

Thank you for yom participation in the ATP process. If you have qucstions regarding 
this lotter, please contact KerlI1eth Gunter, ATP Coordinator, Water Piyision. at (312) 353·9076. 

Sincerely, 

r;1~ 
Tinka G. Hyde 
Director. Water Division . 

co: Barbara Conner, TEPA 

Rccyc!ed/R9cyoclttble II Prinled Vlith Vegetable on O~13M Inks on 100% Raoyalad Paper (&0% pp:stecmsurner) 

EXHIBIT 6 
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Rev. 1 

ACT.RN"TnOSTPROceOURETIn.~: ,WHOLe EFFL.UENrToX1C1TY TgST USING FflESH' 
M 

""'. I " I, 'I",' .,.. ' . WATER USSELS' i' ,,",,'1,,,,",'1, I~' " • '.I~' '~'.'''~' ';"II~~:.f:"'\" ,i'\'\.'. ,/,1 ,'J 
I l' ' , , , ''',.,'''' • I' 

I ASPECT: Codification In Federal PERSON ASSI"N~D l'!EspoNSIBILITY: 
Regulations US EPA 

Issues: The WET test methods are Incorporated by reference 

I(a) .. CO~PONI!NT: Three test methods are SOURCe: 40 CrR pari: 136 
,. 

specified 

SUMMARV The WI=T test methods and their procedures are described In EPA manuals (EPA-821-
R02~012,013, and 014). These manuals identify the selection ofthe test species as well El$ 
practices whe~e fleXibility Is allowed. 

I (b) SOURCi1: EP A 821-R-02~O 12, 
, , COMPONENT: USE!PA. October 2002. EPA 821-R-O:2-01S, , 

Testing the Toxlolty of SUl'lace Water on and EPA S21-R-02-014. '.1, 

.' 
Fish and Other AqUIl.tic Species Fourth 
t::;dltlon. . 

SUMMARY; . The use of any test speoles or test cOMltions ather than IhOse descrlped in the methods 
eumm,vy tables In this man~al shall be SUbject to application and approval of alternate test 
procedures under 40 CFR 136.4 and 40 CFR 
136.6 . 

:n 
.. . 
, Asp,gcr: P~RSDN ASSIGNeD I1g$PONSIB1Ll,..,.: 

" . 
HOLlAND ENERGY LLC illinois EPA 

I' :'1.' 

J RR 2 130X ;:!70A 

" 
BEI::CHER Cm, lL 62444 

ISSUIO: KASKASKIA RIVER 

II(~) COMPONENT: WATER QUALITY LIMITJ;;D SOURCg: IL0074268 Outfall 001 
SEGMENT 

SUMMARY: The stream segment receiVIng the dlscha.rge from outfall(s) 001 Is on the 303 (d) list of 
Impaired walers. 

lI(b)" I COMPON~NT: Special Condition 13 I SOURCE' IL0074<!68 Outfall 001 

SUMMARY: The Perm1ttee shall prepare a preliminary blomonitoring plan and submit the plan to the 
IEPA for review and approval within ninety (90) days of the etfeatlve date of this Permit, The Permittee 

ATP Checkl!! 

_. L &UeM masa kG] [f ztZj]1JiMW:t:::Ji,,,,.....----., 

[Type text] Page 1 
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Rav, 1 

shall begin blomonitoring of effluent from Outfall 001 the first summer after plan approval 

lIto} I COMPONSN1', J3lomonltorlng I SOUROE: IL0074268 Outfall 001 

SUIVi!'llAIW: Toxicity tests shall be run on Juveniles of mussel species representative of the aquatic 
comm unity of the receiving stream 

U(d)' I COMPONEiIlT: Test Methods I SOURO~: IL0074268 Outfall 001 

SUMMARY: Acute (4"d) and short-term (14-d) toxicity tests consistent whh Standard Guide for 
Conducting Laboratory Toxicity Tests with Freshwater Mussels (ASTM E2455-06) and Methods for 
Measuring the Acute ToXicity of Effluents and Receiving Waters to F'reshwater and Marine Organisms 
(Fifth Eq.) EPNs21-R-Oz-012. 

, III " ., ASPECT: Standarcl Guide for PERSON AsSlcoNIOO AESPONSI61LI'fV: 
", Conducting Laboratory Toxicity 

I Tests wlth·Freshwater Mussele 

'. 

ISSUe: Protectiveness of WQC . 
III 

, 
COM1'ONI'Nl': Wa~er Quality Criteria SOURCE: t ASTM E2456 

: (a) ~, fOr ammonia , . 
SUMMARY: Results of acute toxlolty tests (24 to 96 h) for 10 speoles In 8 genera were used to 
calculate genus mean acute values (GMAVs) ranging from 2.56 to 8.97 mg/L (total ammorjla as N at 
pH 8 at 25°C) • 

. 'lI1(b) ,: COMPONENT: Acute sensitivity of SOURCS: ASTM E2455 
'" f,eshwater mussels 

SUMMARV: Reoalculatlon oj the criteria maximum concentration (CMC) including these mussel data 
resulted In a CMC ,75 % lower than the CMC of 6.62 mg/L total ammonia as N at pH 8 at 25 9 C 

xnJJWJ ad 

P. 04 

ATP Che.;klis 

[Type text] Page 2 
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, 

Rov, 1 

III COMpoNENr CHl'IONIC Sensitivity of SOURC~: ASTM E2455 
(e) freshwater mussels 

iSUlV\lI1l\1w: The range of acute to ohronlo ratios were used to estimate a criteria oontlnuou~ 
concentration (CCO). the estimated cee for mussels was 20 to 75 % less than the ceo of 1.24 mg/L 
total ammonia as N f.lt pH a and 25' 

.111 : COMPONEiNT: COMPoNENT SOURC .. : ASTM E24S5 
. (d) , 

SUIVIMARY: Keller et al (2005) () concluded that U.S. I=nvlronmental Protection Agenoy (US EPA) 
water quality criteria, (WOC) for some metals and ammonia may not be protective of freshwater 
mussels. 

IV, AspI!'C'f! PROTOCOl. ApPROVA~ OF ATPs PaRsoN ASSIGNED RE!$FONSIaILIT\': 
" uS EPA Office of Water (EAD) 

ISSUE: Scope of guidance 

IV' ,'. COMpONEON'f, Applicability SOURCE! EPA 821-8-98-002 
. (~) , • 

SUMMARY: Subject protocol does not establish or ~Ifect legal obligations under federal regulations. 

IV(b) , I COMPONENT:: Definition I SOURO\'.\ I':PA 821-8-98-002 

SUMMARVI A proposed procedure is oonslqer(,!d a "modified" procedure If It Involves only minor 
ahElnges in established test oonditions for an approved species/method, , or If It employs a "new" 
species to be used as a substitute for a related, Agenoy-approved species and can be performed with 
essentially the same test oond~ions and methods of data analysis used for current Agenay-approved 
species/methods 
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2002,0 and 1 oO~.O 

'v (b), COMPONENT: SpeCies selection SOURC": 9/23/2010 LIEITER 

SUi\JIMAIW: Mussel~ are Inoreasingly being testeQ due to their sensitivity to pollutants and declining 
populations in river habitats, 
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Electronic Code of Federal Regulations: 

Home Page> Executive Branch> Code of Federal Regulations> Electronic 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 I 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 receipt 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 
Regional Administrator. Where the Director recommends rejection of the application for scientific and 
technical reasons which he provides, the Regional Administrator shall deny the application and shall 
forward this decision to the Director of the State Permit Program and 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 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 
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 20460. 

(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 discnarge, 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 ninety day period, a recommendation providing the scientific and other 
technical basiS for acceptance or rejection will 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 20460, for the purposes of national coordination. 

(e) Approval fornalionwide use. (1) As expeditiously as is practicable after receipt by the Alternate Test 
Procedure Program Coordinator, Washington, DC, of an application for an alternate test procedure for 
nationwide use, the Altemate Test Procedure Program Coordinator, Washington, DC, shall notify the 
applicant in writing whether the application is complete. If the application Is incomplete, the applicant 
shall be Informed of the information necessary to make the application complete. 

(2) As expeditiously as is practicable after receipt of a complete package, the Alternate Test Procedure 
Program Coordinator 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 helshe 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 review all the factual bases for its proposal, including any 
performance data submitted by the applicant and any available EPA analysis of those data. 
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(4) Following a period of public comment, EPA shall, as expeditiously as practicable, publish In 
IheFederal Reglstera final decision 10 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] 
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~ Designation: E 2455 - 06 

'UI. l 
INTERNAnONAL 

Standard Guide for 
Conducting Laboratory Toxicity Tests with Freshwater 
Mussels1 

This standard is issued under the fixed design[ltion E 2455; the number immediately following the designation indicates the year of 
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of lasl reapproval. A 
superscript epsilon (e) indicates an editorial change since the last revision or rcapproval. 

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 AI). Future revisions to this standard may 
describe methods for conducting toxicity tests with (1) adult 
freshwater mussels and (2) contaminated sediments using 
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 
alteration, introduction of exotic species, 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). Over the past decade, there have been over 75 
published studies conducted 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 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; Angspurger 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 established for the protection of aquatic 
organisms may not be adequately protective of sensitive stages 
of freshwater mussels. 

1.3 Summary of Life History of Freshwater Mussels: 
1.3.1 Freshwater mussels are bivalve moI1usks belonging to 

the family Unionidae or Margaritiferidae (section 10.1). Adults 

1 This guide is under the jurisdiction of ASTM Committee E47 on Biological 
Effects and Eovimomenta! Fate and is the direct responsibility of Subcommittee 
E47.03 on Sediment Assessment and Toxicology. 

Current edition approved April 1, 2006 Published May 2006. Originally 
approved in 2005. Last previous edition approved in 2005 as E 2455-05. 

2 The boldface numbers in parentheses 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 bottoms 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 organisms 
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 transfol'm their glochidia into juvenile mussels on several 
species of host fish. Following proper host infestation, 
glochidia tranSfOlTIl into microscopic juveniles and excyst 
(drop oft) 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. 

1.3.3 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 be
tween substrate particles of sediment fot' food and oxygen. 
Newly-transformed juvenile mussels feed using ciliary currents 
on the foot and mantle. Older juvenile and adult mussels likely 
use different food types when living in different microenviron
rnents. Given that gIochidia 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 
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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: 
1.4.1 Section 4 provides a summary of conditions for 

conducting toxicity tests with glochidia and juvenile mussels. 
Annex AI 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 A1.1 and Table 
AI.4 in Annex AI 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 
effects 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 fur conduct
ing toxicity tests with freshwater mussels as outlined in Annex 
AI. 

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 different from those described in 
this standard, additional tests are required to determine com
parability of results. General procedures desclibed in this 
standard might be useful for conducting tests with other aquatic 
organisms; however, modifications may be necessary. 

1.5 SUl1unary 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) evaluated 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 

2 

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 mglL (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 GMAV s from the database 
used to derive the acute WQC for ammonia. Recalculation of 
the criteria maximum concentration (CMC) including these 
mussel data resulted in a CMC 75 % lower than the CMC of 
5.62 mgIL 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 mgIL 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 tests with glochidia of six freshwater mussel 
species, Leptodea fragilis, Utteroackia imbecUlis, Lampsilis 
cardium, Lampsilis siliqlloidea, 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 [2,4-0]) represented different chemical classes and differ
ent toxic modes of action (Dwyer et al 2005a,b) (11, 12). No 
single chemical elicited consistently high or low toxicity; 
however, carbaryl and 2,4-0 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 U. imbecillis were not 
always protective of the range of sensitivities exhibited by the 
other mussel species tested. 

1.6 This standard is arranged as follows: 

Scope 
Referenced Documents 
Terminology 
SummaI)' of Guide 
Significance and Use 
Apparatus 
Hazards 
Dilution Water 
Test Material 
Test Organisms 
Quality Assurance and Quality Control 
Experimental Design 
Analytical Methodology 
Calculation of Results 
Report 
Precision and Bias 
Keywords 
Guidance for Conducting Water-only Toxicity Tests 

with Early Life Stages of Freshwater Mussels 
References 

Section 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 

Annex A1 

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

Glochidia 

" 
Juveniles 

FIG. 1 Life Cycle of a Freshwater Mussel (Chris Barnhart, Missouri 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 determine the applica
bility of regulatory limitations prior to use. Specific hazard 
statements are given in Section 7. 

2. Referenced Documeuts 
2.1 ASTM Standards: :l 

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 Saltwater 
Bivalve Molluscs 

E 729 Guide for Conducting Acute Toxicity Tests on Test 
Matelials with Fishes. Macl'Oinvertebrates, and 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 Collection, Storage, Characterization, and 
Manipulation of Sediments for Toxicological Testing and 

3 For referenced ASTM standards, visit the ASTM website, www,astm.org, or 
contact ASTM Customer Service at service@astm.org. Por Annual Book oj ASTM 
Standards volume information, refer to the standard's Document Summary page on 
the ASTM website. 
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for Selection of Samplers Used to Collect Benthic Inver
tebrates 

E l706 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 

IEEFJ ASTM SI 10 Standard for Use of the International 
System of Units (SI) (the Modernized Metric System) 

3. Termiuology 

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 acceptability 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 results 
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 tot 
"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 other terms used in this 
standard, refer to Guides E 729 and E 1241 and Terminology 
E 943 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 pedod or a substantial portion of their life span (for 
example, 21- to 28-d exposlJl'es). There is no test duration that 
represents a distinct boundary between acute and chronic test 
durations for any species. Although 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
tratian that is expected to cause one or more specified effects in 
50 % of a group of organisms under specified conditions. 

3.304 IC50-a point estimate of the toxicant concentration 
that would cause a 50 % reduction in a non-quanta] measure
ment such as fecundity 01' 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 chemica1s 
immediately above the highest tested concentration that did not 
result in a statistically significant change in the particular 
toxicological variable compared to that value in the control. 

3.3.7 lIo-observed-effect concentration (NOEC)-in a tox
icity test, the test concent!'ation of one or more chemicals 
immediately below the lowest tested concentration that re
sulted in a statistically significant change in a particular 
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, so that the concentrations and !'atios 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~1n experiment used 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 offreshwater bivalves 
that includes the North American families Unionidae and 
Margaritiferidae. The family Unionidae includes three sub
families (Unioninae, Anodontinae, and LampsJiniae). 

3.3.12 unionoid-any mussel species in the super family 
Unionoidea. 

3.3.13 unionid-any mussel species in the fmnily Union
idae. 

3.3.14 margaritiferid-any mussel species in the family 
Margaritiferidae. 
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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 Annex Al provides guidance for conducting water-only 
toxicity tests with glochidia and juvenile mussels. Recom
mended test conditions for conducting these toxicity tests are 
based on various published methods outlined in Table Al.1 and 
Table AlA in Annex Al 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 for a limited time 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 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 stat1ed 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 ofNaCI. 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 su[,vival 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 
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 hefore 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. Survival can be determined throughout 
the toxicity test by subsampling each 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 statted 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 d. 

5. Significance 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 field situations as a re:mlt of an 
exposure under comparable conditions. 

5.3 Results of toxicity tests might be used to compare the 
sensitivities of different mussel 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 Intelj'erences-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 characteristics of the testing environment 
(such as water quality, temperature, water fiow, light) and food 
requirements might affect the ability of the test organisms to 
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acclimate, recover from handling, or adapt to the laboratory 
environment conditions. 

5.8.4 The degree of contamination 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 associated with exposure of mussels to contaminants in 
water. Future revisions to this standard may describe methods 
for conducting toxicity tests with (I) adult freshwater mussels 
and (2) contaminated sediments using 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 into 
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 A 1.4.7; Guide 
E 729). 

6. Apparatus 

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 deHvers 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 used for aeration should be free of fumes, oil, and water; 
filters to remove oil and water are desirable. Filtration of air 
through a 0.22-~m 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, especiaUy 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 Requirements-Some organisms may require 
special conditions during holding, acclimation, and testing. For 
example, adult mussels should be provided a substrate suitable 
for burrowing. 

6.3 Construction Materials-Equipment and facilities that 
contact stock solutions, test solutions, or any water into which 
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test organisms will be placed should not contain substances 
that can be leached 01' dissolved by aqueous solutions in 
amounts that adversely affect test organisms. In addition, 
equipment and facilities that contact stock solutions or test 
solutions should be chosen 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 because 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 (1) 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 contain the item or (2) their use will not 
adversely affect survival, growth, or reproduction of a sensitive 
species (Section 8 and Guide E 729). 

6.4 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. ContinuousMftow metering systems 
are also available, as are systems that prepare the different test 
solutions independently of each 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 
chamber and by measuring either the concentration of test 
material in each test chamber Of 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 
morning and afternoon throughout the test. The metering 
system should be adjusted during the test if necessary. It 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 microbial degradation, hydrolysis, oxidation, 
photolysis, reduction, sorption, or volatilization. At any par-
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ticular time during the test, the flow rates through any two test 
chambers should not differ by more thaa 10 %. 

6.4.3 The frequency of water addition to the each 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 example, 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 statting with 2-month
old juvenile mussels, about 4 volume additions/d were deliv
ered to each test chamber in copper and ammonia toxicity tests 
(USGS 2005b (9)). 

6.4.4 Speciation of some metals (for example, lead or 
copper) and perhaps other test materials is not instantaneous 
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 In a toxicity test with aquatic organisms, test chambers 

are defined as the smallest physical units between which no 
water connections exist. However, screens, cups may be used 
to create two or more compartments within each 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 
similar 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 01' 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 streugth, the extra 
adhesive should be on the outside of chambers rather than on 
the inside. Especially in static and renewal tests l 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 AI). 

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 solvent, water, acid (such as 10 % 
concentrated hydrochloric acid (HCI», 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 
(CIO-)/L 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 I L of water. However, CIO- is quite toxic to many 
aquatic animals and is difficult to remove from some construc
tion materials. It 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 
CIO- (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 AI, (b) 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: (1) 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 staff 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 
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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 infectious agents, 
inhalation or absorption of corrosive or toxic substances 
through skin contact, and asphyxiation because of lack of 
oxygen or presence of noxious gases. 

7.2 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. 

7.2.2 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. 

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

7.3 General Laboratory and Field Operations: 
7.3.1 Special handling and precautionary 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 
manipUlating field-collected samples. 

7.3.3 Strong acids and volatile organic solvents should be 
used in a fume hood 01' 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 stock 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 electrical 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" labol'atorie.o; where 
electrical equipment is used. 

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

7.3.9 A clean 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 human wastes should 
be immunized against hepatitis B, tetanus, typhoid fever, and 
polio. Thorough washing of exposed skin with bactericidal 
soap should follow handling of samples collected from the 
field. 

7.5 Safety Manuals-For further guidance on safe practices 
when handling field-collected samples and conducting toxicity 
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 hazardous 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 
dilution 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 criterion for an acceptable dilution water is that at least 
one species of aquatic animal (preferably of the one being 
tested or one taxonomically simiJar) will survive, grow, or 
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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 fi'eshwater 
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 
species. 

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 such 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 
organic carbon (TOe) and particulate matter should be less 
than 5 mglL. 

8.1.4 If it is desired to study the effect of an environmental 
factor such as TOe, particulate matter, or dissolved oxygen on 
the results of a toxicity test, it will be necessary to use a water 
that is naturally or attificially high in Toe 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 usual 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 Mil 
water and (b) either total organic carbon (TOe) less than 2 
mg/L or chemical oxygen demand (eOD) less than 5 mglL. 
Acceptable water can usually be prepared using properly 
operated deionization or reverse osmosis units. Conductivity 
should be measured on each batch and TOe or eOD should be 
measured at least twice a year and whenever substantial 
changes might be expected. If the water is prepared from 
surface water, Toe or eOD should be measured on each batch. 
The reconstituted water 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: 
8.2.2.1 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 water from a surface water. If a surface water is 
used as a sotlrce of water, the intake should be positioned (for 
example, about one meter below the surface) to minimize 
fluctuations 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 deionized 
water if desired (Guide E 729). Chlorinated water should not 
be lIsed 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
iues. 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 quaHty 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, Of 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 intensively 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 
equilibrium 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 pretreatment before 
ultraviolet sterilization or filtration through a finer filter. 

8.3.3 Dilution water that might be contaminated with fac
ultative pathogens may be passed 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 ~m or less (Guide E 729). 

8.4 Characterization-The following items should be mea
sllred 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, TOe, organa-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, chrow 

mium, cobalt, copper, iron, lead, manganese, mercury, 
molybdenum, nickel, selenium, silver, and zinc, hardness, 
alkalinity, conductivity, sodium, and chloride. For each anaw 

Iytical method used the detection limit should be below either 
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(a) 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 General-The test material should be reagent grade or 

better, unless a test on a formulation, commercial product, or 
technical-grade or use-grade material is specifically needed 
(Guide E 729). Before a test is begun, the following should be 
known about the test material: (1) Identities and concentrations 
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 matelial 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. 

9.2.2 Except possibly for tests on hydrolyzable, oxidizable, 
and reducible materials, the preferred solvent is dilution water, 
although filtration 01' 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 necessary 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, sodium 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. 

9.2.3 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 because 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 01' better and its concentration in any test solution 
must not exceed 0.5 mUL in 96-h tests (Guide E 729) or 0.1 
mUL 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 material in the test 
solutions (these limitations do not apply to any ingredient in a 
mixture, formulation, or commercial 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 used to 
make the stock solution must 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 must meet test accept
ability requirements in order for the test to be considered 
acceptable (Annex A I). Using no solvent other than dil ution 
water is the most desirable option because using 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 
solutions that contain test material, the solvent 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) a toxicity test 
must be conducted to determine whetller 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 
dilution 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 unacceptable if any treatment contained a 
concentration of solvent in that range. If neither survival nol' 
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 used to evaluate 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) repOlted 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 conducted 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 outlined in Table A1.3 or Table Al.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 AI.3 or 
Table A1.5 and as the basis for calculation of results. 

9.2.5 If a solvent other than water is used to prepare a stock 
solution, it might be desirable to conduct simultaneous tests on 
the test material using two chemically unrelated 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 COllcelltratioll(s): 

9.3.1 If the test is intended to allow calculation of an LC50, 
EC50, or IC50, 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 acute toxicity tests, if a useful 
prediction is not available, it is usually 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 
Ii ve 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 because organisms in the real world 
are sometimes exposed to concentrations above solubility and 
because 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 solubility 
do not kill or affect a greater percentage of test organisms than 
does the concentration that is the solubility limit; such infor
mation is celtainly 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 acute-chronic ratio has been determined for the 
test material with a species of comparable sensitivity, the result 
of the acute test can be divided by the acute-chronic ratio. 
Except fm' 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 caused adverse effects in a 
comparable acute 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 species, or (b) whether the 
LC50, 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 gil1s 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 imp011ant food sources (Silverman et al1997 (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 materials in pore water of 

AN'TE:RIOR 
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sediment, including bacteria, algae, and detritus (Yeager et al 
1994 (24), Silverman et al 1997 (22» in addition to unicellular 
algae (Gatenby et al1997 (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. I). Freshwater mussels 
are typically dioecious, but some species may be hermaphro
ditic (for example, Toxolasma parvus. Lasmigona compressa, 
Utterbackia imbecillis; Watters 2005). During the breeding 
season. males release sperm into the water column and females 
draw the sperm in through the incurrent aperture. The eggs afe 
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 amblem
ines and in the summer fOf most anodontines and lampsilines 

POSTtRIOR 

FIG. 2 General External Anatomy of the Soft Tissues (A), and Internal Anatomy, Organs, and Organ Systems of Soft Tissues of a 
Unionid Mussel (B); adapted from McMahon and Bogan, Academic 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 may 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 sit" expo
sure contaminants in water (Jacobson et al 1997) (31). The 
method of host infestation greatly varies among species. While 
some species simply broadcast 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 fish 01' invertebrate 
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 (Kraemer 1970 (32), Barnhart and Roberts 
1997 (33)). Some species release conglutinates (small struc
tures containing glochidia) freely into the water. In many 
conglutinate-producing 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 J.Im 
(Hoggarth 1999 (37), McMahon and Bogan 2001 (29), Wacht
ler et al 2001 (38)). The 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 contact. The sharp valves cut into the 
epithelium of the host, enclosing and compressing the tissue 
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(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 female 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 
OCCltt'S 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 mantIe. 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 evaluate 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: (1) 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 evolution 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 bun'ow only to 
the posterior edge of the shell (Watters 2005) (30). However, 
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anecdotal observations suggest that celtain freshwater species 
are routinely found near the sediment-water interface (that is, 
Amblema plicata). 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) repOlted oxygen. 

pH and temperatlll'e requirements for juvenile Utterbackia 
imbecillis and Pyganodon catoracta and found that 7- to IO-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 Pygallodon cataractal. 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 campianata were sensitive to low concentrations of 
dissolved oxygen with survival significantly reduced at 1.3 
mg/L and behavior affected at 2 to 4 mgIL. 

10.2 Test Species and Life Stage: 
10.2.1 Table A1.1 and Table A\,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 01' 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 environment. These organisms may be used in 
an acute toxicity test or sublethal test designed to assess 
toxicity using a growth endpoint (Annex AI). 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 needed to collect mussels 
from private landowners. Specific guidance on collection of 
adult Illussels 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 Laboratmy 
Culture and Handling-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 A1.1 and Table Al.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 mussels 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 01' locomotory. if appropriate). 

(3) Reference-toxicant tests should be performed with 
subsamples of each batch of glochidia 01' juvenile mussels used 
in toxicity tests (following the recommended conditions for 
conducting toxicity tests in Table Al.I and Table AI.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 Development-Test procedures 
might exist for the species of interest or an ecologically similar 
species (Table AU 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 
2005) (7). 

10.2.3.4 Test Peiformance 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 Ai.3 and Table Ai.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. NaCI. 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 
endpoint, (section 10.3. Annex AI). 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 
periods for glochidia toxicity tests might be needed for a 
particular species depending on the survival time of the 
glochidia (TableAI.2, sectionAI.5.2). A48-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 01' 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 confidence intervals of the endpoint, the more 
reliable the test. 

(4) The method precision (degree to which independent 
tests llsing the same concentration of test material elicits a 
similar response 01' test endpoint) should be determined 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 AI, Table AU, and Table AI.4 describe the 

age of test organisms to be used and recommended to start a 
toxicity test. 

10.4 Source: 
10.4. I Adult mussels collected from the field should be 

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 been previously 
exposed to contaminants 01' pathogens (Guide E 1850). There
fore, adult mussels should be obtained from reference areas 
(Test Method E 1706), outside of the direct influence of point
or non-point sources of contamination. Adult mussels collected 
to produce either glochidia 01' 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 to source
related contaminants at the collection site. The taxonomic 
identity of test species should be determined by appropriate 
keys and verified by an appropriate expert (section 11.5). 

10.4.2 Table I provides a summary of facilities that have 
cultured juvenile mussels as of May 2005. Table 2 and section 
10.5 provide a summary of techniques that have been used to 
transform juvenile mussels. Transformation of juvenile mus
sels has been reported for many species using either fish hosts 
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(in vivo) 01' artificial media (in vitro; Bishop et al 2005 (47); 
section 10.5). Additionally, Watters (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 I 
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 wiII 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. 

10.4.2.1 Mammoth Spring National Fish HatchelY, 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 Spring 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 stiII surviving in the hatchery raceways 
nearly seven years after initial collection). Survival from year 
one (90 %) to year foul' (60 %) was measured and indicated 
that the hatchelY provided suitable conditions (high water 
quality, adequate food source, and continuous water tempera
tures throughout the year) for short- and long-term holding of 
native mussels. Since 1994, this hatchery 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 using a combina
tion of host fish and artificial media for the production of 
juvenile mussels (L. streckeri., Arkansia wheeleri, P. grandis, L. 
siUquoidea, L. ventricosa, Fusconaia jfava, 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 SUppOlt restoration goals of the U.S. 
Fish and Wildlife Service. 

10.4.2.2 Lost Valley State Fish Hatchery, MO-Since 2002, 
personnel at the Lost Valley State Fish Hatchery have propa
gated, via host fish, about 5000 Epioblasma triquetra and 
40 000 Lompsilis teres juvenile mussels. Epioblasma 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 Warm 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 trans
ported to the Warms Springs National Fish Hatchery in the late 
1990s. Two species federally listed as endangered (Lompsilis 
subangulata and Pleul'Obema pyrifonn) have been propagated 
at the hatchery. Most of the mussels recovered from the dry 
tributary were maintained at the hatchery in recirculating 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 (Unionidae) Propagation and Refuglum Efforts 

Facility 

Mammoth Spring National Fish Hatchery 

Lost Valley State Fish Hatchery 

Warm Springs National Fish Hatchery 

White Sulphur Springs National Fish Hatchery 

Genoa National Fish Hatchery 

Aquatic Wlidfife Conservation Center 
at Buller Fish Cullure Station 

Tennessee Aquarium Research Institute 

Kentucky Department of Fish and Wildlife Resources 

Missouri State University 

Cooperative Fish and Wildlife Research Unit, 
Virginia Polylech and State University 

Arkansas State University 

Department of Fisheries and Wildlife, 
University of Minnesota 

state or Province Species 

AR Lampsflls strecker! FEA 
Arkansla wheeler! FE 
Pyganodon grandfs 
L. slflquoldea 
L. venfrloosa 
Fusconala flava 
Utterback/a fmbeclflls 

MO Eplob/asma trIquetra SRs 

L. teres 

GA Vfllosa vl/)ex 
V. flenosa 
L. suban/)ulata FE 

WV L. fasclola 
V. Iris 
c. rangfana FE 
P. clava FE 
V. fabafls CDc 
Amblema pllcata 
Cyc/onalas furberculata 
A. /igamentlna 
c. dllatata 
Ep/oblasma spp. 

WI L. hlgglnsl FE 
O. Fragosa FE 
L recta SR 

VA 

O. olivarla SR 
L. cardIum 
L. slloquo/dea SA 
L. teres SR 
Actinona/as IIgamentina 
A. pectoross 
Ep/oblasma oapsaeformls FE 
E. brevldens FE 
E. f. walkeri FE 
Eploblasma triquetra SR 
Lampsl/ls fasclola 
L. ovata 
Polamflus alatus 
Viflosa Iris 
V. perpurpurea FE 

Contact 

Richard Shelton (Hatchery Manager) 
870/625-3912 
mammolhsprlng@fws.gJV 
hllp:l!mammothsprlng.fws.gov 

Ken Neubrand (Hatchery Manager) 
660/438-4465 
Ken.neubrand@mdc.mo.gov 
hllp1! 
www.conservation.state.mo.uslareaslhatchery/lostvalleyl 
Curtis Echevarria (Hatchery Manager) 
7061655-3382 
warmsprlngs@fws.gov 
http://warmsprlngshatchery.fws.gov 
Catherine Gatenby (Project Leader) 
304/536-1361 
catherine_gatenby@fws.gov 
hll:p'.llnortheast.fws.gov/wv/wssnfh.html 

Tony Brady (Mussel Biologist) 
Doug Aloisi (Hatchery Manager) 
Roger Gordon (Mussel Program Supervisor) 
6081689-2605 
Dou{LAloisi@fws.gov 
http://midwestfws.gov/Genoa 

Nathan Eckert (SW VA Mussel Recovery CoordInator) 
Joe Ferraro (Mussel Propagation Specialist) 
276/783-2138 
Nathan.Ekert@DGIEvirginia.gov 
hHp:/I 
www.dglf.virginia.gov/wildlifelfreshwater_mussels.html 

GA Lampsills alt/Jls Paul Johnson (Director) 

KY 

MO 

VA 

AR 

MN 

L. v/rescens 7061694-4419 
Lasmlgona holstonla (etowahens/s) pdj@tnari.org 
Medlon/dUs acutisslmus htI:p'Jlwww.tennis.org/geUnvolvedlresearch_lnarl.asp 
Pleurobema decfsum 
P. georgianum 
Plychobranchus greenll 
Vlllosa nebulosa 
V. umbrans 
59 species Including 
7 federally-listed species 

Various species 

Various species 

Various species 

Various species 
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Monte McGregor (Aquatic Scientist) 
6021564-7109 
monte.mcgregor@ky.gov 
www.kdfwr.state.kv.us 
Chris Barnhart 
417/836-5166 
chrisbarnhart@smsu.edu 
htlp:llblology.smsu.edulaquatic/smsuwebs.htm 
Richard Neves 
540/231-5927 
mussel@vt.edu 
http://www.fw.vt.edulfisherleslneves.htm 
Jerry Farris 
5011972-3082 
Jlfarris@aslate.adu 
Mark Hove 
612/624-3019 
mark_hove@umn.edu 
http:// 
www.fw.umn.eduIPersonnel/staffIHovelPersonai.Page 
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TABLE 1 Continued 

Facility 

Cooperative Fisheries Research Unit, 
Tennessee Tech University 

Department of Zoology, 
University of Guelph 

AFE: Federally endangered 
BSR: Slate rare 
ceo: Candidate for listing 

State or Province 

TN 

ONT 

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 em of 
substrate. The propagation of two common 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. 
fasciola juvenile mussels following three months was 50 % 
and 6 %, 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 500000 juvenile mussels were 
released into watersheds known to maintain existing 01' 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 20500 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 native mussel species. In 2004, channel 
catfish were infested and held with Q. fragosa 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 
Virginia. 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 I meter round 
diameter tanks fed with natural river water. Propagation and 
release has been successful for Actinonaias ligamentina, A. 
pectorosa, Epioblasma brevidens, E. capsaeformis, E. floren-

Species Contact 

Various spec1es Jim Layzer 

Various species 

931/372·3032 
Jlm-Iayzer@tnlech.edu 
Gerald Mackie 
5191767-6684 
hUp:llwww,uoguelph.caJcbs/ 

16 

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. jlorentina walkeri 
and V. perpurparea, 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 Aquarium 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 mcksnail, 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, TNARI researchers produced about 12 000 snails in 
captivity. More than 2700 spiny riversnails were released into 
the Tennessee River in 2002. The TNARI has propagated the 
following species since 2000: 10 jluvialis, Lampsilis altiUs, L. 
virescens, iLlsmigona 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 
unsuccessful 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 lOaC 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 2aC 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 ai, 2005) (47) 

(reprinted with permission) 

Species 

Alasmfdonta ravenel/ana 
Amblema pffcata 

Anodonta suborblculata 
Anodontoldes ferussaclanus 
Taxa/asma cylfndraflus 
Cyefona/as tuberculata 
Efflptio angustata 
E. compJanata 
E. crass/dens 
E. Icenterlna 
Fuscona/a ebena 
Fusconala lIava 
Lampsffls cardium 

L. fasclola 

L ovata 
L. rafinesqueana 

L. reeve/ana 
L. sil/quo/dea 

L. streckeri 
L. 5ubangulata 
L. teres 
Ugumla recta 

Medlon/dus conrad/cus 
Mega/ona/as glgantla 
M. n8IVosa 
Pleurobema coccineum 
P. cordallJm 
PtychobranchuB occldentalls 
Pyganodon cataracta 
P. grandls 

Strophilus undufatus 
Utterback/a ImbeclfJls 

Venustaconcha elllpsiform/s 
V. pleasll 
VII/osa Iris 

V. liensosa 

V. taenfata 
V. vibex 

TechnIque 

FIsh host 
FIsh host 
MedIa 
FIsh host 
FIsh host 
FIsh host 
FIsh host 
MadIa 
Media 
MadIa 
Fish host 
Madia 
Media 
FIsh host 
Media 
FIsh host 
FIsh host 
Media 
FIsh host 
FIsh host 

FIsh host 
Media 
Media 
FIsh host 
FIsh host 
Media 
Media 

Fish host 
Media 
Fish host 
Fish host 
Media 
Fish host 
MedIa 
Fish host 
FIsh host 
MedIa 
Fish host 
Fish host 

Media 

Fish host 
Fish host 
Madia 
Fish host 
Fish host 
Fish host 
Fish host 
Media 
Fish host 
Fish host 
Media 
Fish host 
Fish host 

purpose 

ToxicIty testing 
ReIntroduction 
Culture development 
Host sullabl11ty 
Host sullabl11ty 
Unknown 
Host sultabl11ty 
Toxicity testrng 
Culture development 
Unlmown 
Toxlc1ly testIng 
Culture development 
ReintroductIon 
ToxicIty testing 
Relntroducl1on 
ToxIcity testing 
Reintroduction 

Culture development 
Host suitability 

Host suitability 
Reintroduction 
SurvIval and growth 
Host suitability and reintroduction 
Host suitability 
Unknown 
Culture development 

Reintroduction 
Unknown 
Reintroduction 
Host suitability 
Culture development 
Host suItability 
Unknown 
Toxicity testing 
ReIntroduction 

Host suitability 
Toxicity testing 

Culture development 

Toxicity testing 

Physiological effects 
VIability 
Unknown 
Host suitability 
Host suitability 
Toxicity tesllng 
Behavior 
Unknown 
Toxicity testing 
Host suitability 
Unknown 
Reintroduction 
Host suitability 
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water. The approach used may be dependent on the species of 
mussel being shipped. For species that are relatively tolerant of 
low of oxygen, it may not matter which approach is lIsed for 
short intervals of time (Chen et al 2001b) (77). Lampsilinae 
and Anodontinae mussels will not likely abort glochidia during 
transport, but can abort glochidia after been walmed 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 (Unioninae) 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 to 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). Excised gravid marsupia have 
also been shipped for use in propagation efforts. However, the 
most appropriate way to ship glochidia is free from the 
mal'supia 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 substal,tial 
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 
female 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 
determine that the vendor accepts live organisms for shipment. 
Before shipping, empty shells or detritus should be separated 
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 A1.4.2.2). It is not 

18 

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 bottles for 
shipment. 

10.4.5.4 Shipping containers should be dnrable 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 materials 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 mussels when 
outdoor temperatures are reduced or elevated. Insulated ship
ping containers will help protect from temperature 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 waler 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). 
See section A1.4.2.2 for additional guidance on acclimation of 
test organisms before the start of a toxicity test. 

10.5 Care and Handling of Organisms 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 month without feeding can produce 
viable glochidia; however 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 deve]
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, Pyganodoll, 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 (SO), Naimo et al 1998 (82), 
Naimo and Monroe 1999 (83), Cope et al 2004 (76». 

10.5.2.3 Cope et al (2004) summarizes conditions for hold
ing adult mussels in the laboratory or in ponds and recom
mends feeding adult mussels I X 10' algal cells/mL or 4.0 
mg/L dry weight of algae twice daily or 2 to 5 X 104 algal 
cells/mL or 1.9 mg/L dry weight of algae on a continuous bases 
(Gatenby et al 2000 (81) and Gatenby 2002 (S4». The amount 
of algae required is dependent on the biomass of adult mussels 
in a particular culture location. 

10.5.2.4 Adult Lampsilis canlium have been held in the 
laboratory in aerated 100 to 150-L flow-through aquaria 
receiving about 20 to 30 Uh containing sand and aerated well 
water at 10 to 15°C. Adults were fed a commercial shellfish 
diet4 at a ration of 1.2 mUindividual/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. 
Adults were usually fed three times a week and the ration was 
adjusted accordingly (for example, to get a 7-d supply of food 
delivered 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 CaCO, at 10 to 17°C) was provided at a rate of 
about I 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 lO-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 NamlOchloropsis and from a com
mercial shellfish diet)4 were added every other day to each 
container (section A 1.4.5 for a description of the process used 
to prepare these two instant algae mixtures). 

10.5.2.6 Adult mussels have been 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: 

4 The sole source of supply of the materials known to the committee at this time 
is Instant Algae 520 McGlincy Lane #9, Campbell, CA 95008. If you are aware of 
alternative suppliers, please provide this infOlmation to ASTM International 
Headquarters. Your comments will receive careful consideration at a meeting of the 
responsible tcchnical committee, I which you may attend. 
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10.5.3.1 During eady 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 01' white gi1ls may contain immature 
glochidia (Johnson et a11993) (79). Many Sholt-term brooders 
have conglutinates that change in color from red to pink as the 
glochidia mature (Jones et a12004) (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 01' shallow 
container using a sterile hypodermic syringe filled with dilution 
water 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, 01' gill structure (Gordon 2001) (7S). Glochidia 
have also been isolated by cutting a section of gill 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 Isolated 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 to byssal thread adhesion. 
These aggregates of glochidia can be separated by carefully 
aspirating the aggregates in and out of a pipette. The matlllity 
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 anodontine species. Viability of glochidia 
isolated from a female mussel should be evaluated before the 
start of a toxicity test using a solution of NaCI (section 
A1.4.8.4). 

10.5.3.4 Gravid female mussels are usually collected from 
the field and 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 in's and Actinonaias pectorosa) 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 
glochidia should be evaluated by the response of the glochidia 
to the addition of a solution ofNaCI (section 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 AI). If an abundance of immature glochidia 
are isolated from a female mussel, pmgeny of this female 
should not be used to conduct a toxicity test. 

10.5.3.6 Exposures are usually started the same day that 
gIochidia are isolated frolll female mussels without an ex
tended acclimation period in the dilution water before the start 
of a toxicity test (Table AI.1 and Table Al.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 
A 1.4.8.4). Toxicity tests should be conducted by pooling 
glochidia from at least three female mussels, Toxicity tests can 
be conducted with glochidia obtained fmm one female mussel 
(for example, when a limited number of organisms of an 
endangered species is available for testing); however, the 
resuits 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 statt a toxicity test. 
This research might include an evaluation of the variabiHty in 
sensitivity of glochidia obtained from individual females using 
a variety of toxicants (section A1.6). 

10.5.4 Juvenile Mussels: 
10.5.4.1 Toxicity tests with juvenile mussels are typically 

started within ahout 5 d after juvenile mussels are released 
from a fish host (Table AI.4; for example, in vivo propagation; 
Lefevre and Curtis 1912) (39). Alternatively, artificial media 
has also been used to transform juvenile mussels for use in 
toxicity testing (for example, in vitro pl'Opagation; Johnson et 
al 1993 (79), Clem 1998 (69), Isom 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 vivo methods used to culture juvenile mussels. 
Juvenile mussels cultured in vitro should not be used to 
conduct toxicity tests unless it has been demonstrated that the 
sensitivity of the juvenile mussels cultured in vitm is similar to 
the sensitivity of juvenile mussels cultured in vivo. Compari
sons of physiological conditions of juvenile mussels trans
formed in vitm and in vivo indicate that individuals that 
transform on a fish host tend to be healthier than individuals 
that transfonn in artificial culture media. Juvenile mussels 
transformed with fish exhibited several features that were not 
present in juvenile mussels transformed in vitm (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 vivo on fish hosts 
were less sensitive to thermal and hypoxic stresses compared to 
juvenile mussels transformed in vitro (Fisher 2002) (88). 
Juvenile U. imbecillis transformed in vitm were less sensitive 
compared to juvenile mussels transformed in vivo 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 indicated that juvenile mussels transformed in 
an mtificial 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 identified 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 reported 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, StrophUli. lIndu· 
latus, Utterbackia imbecillis, Obliquaria spp.; Bishop et al 
2005) (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 glochidia/gill for fish IS 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 catostornids 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 J.lm). 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 
facilities 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. 

10.5.4.7 Techniques for determining fish host suitability 
include the use of aeration tanks, direct gill placement, and the 
use of anesthetics to reduce handling stress on the fish (Zale 
and Neves 1982) (91). Aeration tanks have been used when 
there are 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 multiple attempts 
using several individuals of the same host organism with 
glochidia from different females to assure that metamorphosis 
occurs in at least two different test trials (Bishop et al 2005) 
(47). 

10.5.4.8 The U.S. Fish and Wildlife Service Genoa National 
Fish Hatchery in Genoa, WI uses the following procedure to 
encyst glochidia of federally-endangered Lampsilis higginsi 
using largemouth (Micrapterus salmaides) or smallmouth (M. 
dalomieu) bass as the fish hosts (Tony Brady, Genoa, WI, 
personal communication; Gordon 2001) (78). Glochidia are 
flushed from the gills of I to 3 adult mussels. About 2 mL of 
glochidia are added to I 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 r<ifinesqueana, L. abrupta, and Leptodea 
leptodon. A large-scale recirculating system for mussel propa
gation was developed and used to produce large numbers 
(14000 to 375 000) of juvenile mussels. Barnhalt (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 glochidi. 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 often contain a wide variety of 
zooplankton that are the same size as glochidia or juvenile 
mussels. Some invertebrates such as flatworms and hydra are 

21 

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 BarnhaIt (2003) (92) was designed 
to hold several hundred host fish and recover glochidia or 
juvenile mussels continuously from the recirculating flow of 
water (Figure I 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 juvenile 
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 hand1ing 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 camiw" from large
mouth bass (Micropterus salmoides). Glochidia were com
bined from at least three female mussels and used to infest four, 
8 to 15-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 aerated 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 
evaluate infestation. Once the encystment was complete, the 
fish were transferred into 38-L flow-through aquaria (about 500 
mUmin) containing dechlorinated well water at 22'C. Tem
perature, dissolved oxygen, and flow rate 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 fed rainbow trout, Oncorhynchus mykiss, until about 
7 to 10 d before the expected release of juvenile mussels. 
About 3 d before the expected release of juvenile mussels, fish 
were consolidated into 2 aquaria using a plastic baffle to 
separate the fish. To detennine post-excystment age, water was 
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siphoned from the aquaria bottoms daily througJi a 153-l1m 
sieve and the contents was examined under a microscope. 
Juvenile mussels from a given day were transferred into 4.4-cm 
inner diameter glass cylinders fitted with a 153-l1m mesh 
bottom and suspended in 38-L flow-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 Glochidia-Glochidia isolated from female mussels 

are not fed in culture 01' 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 
avai1able 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 increase 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 organic matter that coats small sediment 
particles. While some juvenile mussels do well in fine sedi
ment, juvenile mussels of other species (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 mudS 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-

!I The sole source of supply of the apparatus known to the committee at this time 
is BAROID Industrial Drllling Products. If you are aWlIre of alternative suppliers, 
plea ... e provide this information to ASTM International Headquarters. Your com
ments will receive careful consideration fit u meeting of the responsible technical 
committee, 1 which you may 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 reportedly 
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 compact recircu
lating system for rearing newly-transformed juvenile freshwa
ter mussels. The system consisted of nested buckets 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 compmtment to the upper compartment, 
and the water then returns to the lower compartments through 
cylindrical screen-capped chambers 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 oleoabundalls). River 
water filtered to remove particles >30 11m 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 siliquoidea and L. 
reeveiana exceeded 95 % over 2 months. Changes in shell 
length in these two species were about linear I'lInging from 4.2 
to 12.5 11m/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 useful 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 culturing 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 reservoir. 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 suitable 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 m2

) 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 em square and 5 em 
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 ~m). 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 evety 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 recircu
lating system (Jones and Neves 2002) (99). 

10.6.3.8 Beaty and Neves (2004) (100) described a flow
through culture system using natural river water to maintain 
newly-transformed juvenile Villosa iris 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 compared to cultures started in August or September, 
perhaps due to warmer temperatures earlier in the summer. 

10.6.3.9 USGS (200Sa,b) (8, 9) conducted a 28-d feeding 
study with 2-month-old juvenile Lampsilis siliquoidea that 
compared the influence of various sources of algae, concentra
tions of algae, and the presence of sediment on survival or 
growth of juvenile mussels. Juvenile mussels were fed three 
species of live algae (Neochloris oleoabundans, Pseudokirch
neriella subcapitata (formerly Selenastrum capricornutum), or 
Nannochloropsis oculata) at three feeding concentrations or 
two combinations of commercial Instant Algae4 brand non
viable microalgae concentrates [Nannochloropsis 01' a combi
nation of Nannochloropsis and Shellfish Diet; Reed Maricul
ture, Campbell, CAD 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 
experiment, 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. siliquoidea might be conducted with a control 
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survival of over 80 % using a diluter system and Instant Algae4 

brand rnicroalgae concentrates. Survival of Villosa iris was 
285 % in a subsequent 28-d feeding study using this combined 
diet of Instant Algae4 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 cellsfmL of 
Neochloris oleoabundans or Nannochloropsis oeulata (small
celled species with high lipids) provided adequate nutrition for 
survival and growth of juvenile mussels for several weeks 01' 

months (Henley et al 2001 (98), Bishop et al 2005 (47». 
Holding juvenile mussels in recirculating water system pro
vides a continuous assortment of fine sediments used 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 ill 
a static system for 93 d and observed a 10-fold increase ill 
growth ill 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 AlA). 
Food (mixtures of different species of algae) and sediment have 
been added to test chambers. Some investigators have found 
that newly-transformed juvenile musse~s will survive for at 
least 14 d without the addition of food (Table AlA). 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 10.504). 

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 about 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 stlspension-, 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 al2004 (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 Villosa 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 siliquoidea or Villosa iris 
and observed control survival >88 % in 21- to 28-d exposures 
when algae was used as a food source (TableA1.4). The size of 
the algal cells used to feed the juvenile mussels should meet the 
dietary requirements of the species (for example, usually <10 
/Jm; 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 Treatment: 

10.7.1 Whenever adult mussels are brought into a facility, 
these organisms should be 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 a\ (2004) (76) recommend establishing a 
pathogen and disease monitoring plan for adult mussels similar 
to approaches used for hatchery-reared fish. For example, 
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, 
WI. 

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 a\ (2003) (110) recommend treatment of 
host fish with formalin before these fish are used to transform 
mussels. 

10.7.3 Adult mussels collected from the field should be 
inspected for the 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. polymOJpha 
should be treated with 25 to 250 mg/L hypochlorite aud 
etlluent water from the mussel cultures should treated to a 
concentration of at least 5 mglL 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) http://sgnis.orglpublicat/papers!zmc2_06.pdf 
(3) http://nas.er.usgs.gov!zebra.musseV 
(4) http://www.cl02.comireadinglSubject_Papers/ 

zebra-mussel-control.htm 
(5) http://ag.ansc.purdue.edu/EXOTICSP1732_mticles_ 

related_to_ZM.htm 
10.8 Acclimation-Section A1.4.2.2 provides information 

of accllmation of test organisms before the statt of a toxicity 
test. 

10.9 Quality-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: (I) 
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, sample chain-of-custody, laboratory sample 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: (1) sample sampling and handling, (2) 
the source and condition of the test organisms, (3) condition 
and operation of equipment, (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 more focused, routine, day-to-day activities 
carried out within the scope of the overall QA program. For 
more detailed discllssion of quality assurance, and general 
guidance on good laboratory practices related to testing, see 
Guide E 1391 and Test Method E 1706). 

11.2 Petformance·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 methods 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 meet 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 organisms 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 
each 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 AU 
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 culturing and 

testing organisms to avoid loss of cuJtures because of cross
contamination. Ventilation systems should be designed and 
operated to prevent recirculation or leakage of air from 
chemical 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 control 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 contact 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 used for organism culturing 
and testing is extremely important. Water used to conduct 
toxicity tests and water used 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, discol
oration, unusual behavior). See Section 8 for additional details. 

11.4 Test Conditions-Temperatures should be maintained 
within the limits specified for each test. Dissolved oxygen, 
alkalinity, water hardness, conductivity, ammonia, and pH in 
toxicity tests should be checked in accordance with Annex A I. 

11.5 Quality of Test Organisms: 
11.5.1 Test organisms should appear healthy, behave nor

mally, and have low mortality in cultures, during hoJding, and 
in test controls (for example, <20 % for 48 h before the start of 
a juvenile 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 CuSO., see 16.4). Data from these 
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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 01' in toxicity tests. 

11.7 Test Acceptability-Table AJ.3 and Table AJ.5 in 
Annex A I outline requirements for acceptability of tests. An 
individual test may be conditionally acceptable if temperature, 
dissolved oxygen, and other specified conditions fall outside 
specifications, depending on the degree of the departure and 
the objectives of the toxicity test (see test condition summaries 
in Table A 1.1 and Table A1.4). The acceptability of a test will 
depend on the experience 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 according to the instrument manufacturer's proce
dures as indicated 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 include 
certified standards in the analysis of water samples. 

11.10 Replication and Test Sensitivity-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 increase 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 conduct the 
toxicity test with control water alone. Results of these prelimi
nary studies should be used to determine if the use of the 
control water and other test conditions result in acceptable 
performance in the toxicity test as outlined in Annex A] . 

11.11.2 Section 16.4 provides a summary of techniques 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, NaCI or CuS04 , 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 organisms per treatment should 
be based on the purpose of the test 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 water 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, IC50s, NOECs, and 
LOBCs for several durations (Annex At) 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 
particulal'1y 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 appropdately 
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, 01' 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 percentage for 
which the LC, EC, or IC is to be calculated. This requirement 
might be met in a test to determine an LC50, EC50, 01' 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 can flow from one compartment to 
another, but not from one test chamber to another (section 6.5), 
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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 simi1arly as practical. For example, the temperature in all 
test chambers should be as similar as practical unless the 
purpose of the test is to study the effect of temperature. Test 
chambers are usually arranged in one or more rows. Treatments 
must be randomly assigned to individual 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 01' a rectangle) is preferable to 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 (e) the 
maximum acceptable width of the confidence interval on the 
LC50, EC50, 01' 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 Abbott's 
formula 01' because the results are calculated as a percent 
reduction from the controls, 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 01' 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 repeat 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 t 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 sources (Guide E 729). The concentration of un
ionized ammonia may be calculated from the pH, temperature, 
and concentration of total ammonia (Guide E 729). 

13.3 Methods used to analyze food 01' 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 01' 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 
toxicants; detailed records of the test organisms used in the 
testes), such as species, source, age, date of receipt, and other 
pertinent information relating to their history and health; 
information on the calibration of equipment and instruments; 
test conditions 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, (c) 
analysis of variance (ANOYA) and corresponding contingency 
table tests, (d) multiple comparison techniques for simulta
neous pairwise comparison of other treatment groups with 
control groups, (e) concentration-effect curve analyses, and (j) 
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 analogous 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-
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tion; Guide E 1241). One of the main conceptual problems 
with such a definition of the endpoint is that the notions of 
biological impOltance and statistical significance are logically 
distinct. Effects of considerable biological impOltance 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 effects 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 effect..:;. An 
altemative is to define the endpoint in terms of a specified 
absolute or relative amount of difference in a biological 
attribute from the control treatment(s). A regression-type 
model would be fitted to the data and the concentration 
associated with a specified amount of difference from the 
control treatment(s) would be estimated using the model. For 
example, the concentration resulting in a specified percent 
decrease in survival or shell length might be estimated along 
with confidence limits on the estimated concentration. The 
result of a toxicity test would 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. 

14.2.2.1 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 used, sufficient data should be 
presented in reports to permit calculation of endpoints other 
than those chosen by the investigator and to allow other uses, 
such as modeling. 

14.2.3 For each set of data the LC50, EC50, IC50 and its 
95 % confidence limits 01' NOEC and LOEC should be 
calculated on the basis of (a) the measured initial concentra
tions of test material, if available, or the calculated initial 
concentrations fOl' static tests, and (b) the average measured 
concentrations of test material, if available, or the calculated 
average concentrations for flow-through tests. If other LCs, 
ECs, 01' ICs are calculated, their 95 % confidence limits should 
also be calculated (Guide E 729, Guide E (241). 

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 LC50 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 number 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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LC50 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, stich as time
to-death 01' shell length, contain more information per organ
ism than do quantal data. Quantitative data can usually be 
analyzed to calculate an IC50. For each test chamber in each 
treatment other than the control treatment(s), the percent 
inhibition (%1) should usually be calculated as follows: 

%1 ~ WOrM - X)I M (I) 

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 %1 for each test chamber should be plotted 
against the corresponding concentration of test material after 
transformation of %1 or concentration, or both, if appropriate. 
The IC50 can then be obtained from a line of best fit by 
determining the concentration corresponding to %1 = 50. If 
possible, the 95 % confidence limits on the IC50 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 E 729). If the percent inhibition 
covers an appropriate range, such as at least 37 to 63 %, a 
variety of regression models wiIlusually give neurly the same 
IC50 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 correct 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 01' affected a percentage of 
test organisms, other than 0 or 100 %, near the percentage for 
which the LC, EC, or IC is to be calculated. Other ways of 
providing information concerning the extremes of toxicity are 
to report the highest concentration of test material that actually 
killed 01' 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 affected all 
test organisms exposed to it. These alternatives are usually 
more reliable than reporting a calculated result such as an LC5 
or LC95 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 
detennine which of the tested concentrations of test material 
killed or affected a statisticaIly 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 
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comparison technique, contingency table test, analysis of 
variance, 01' mUltiple comparison procedure appropriate to the 
experimental design should be used. Presentation of results of 
each hypothesis test should include 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 ingredient'; 
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; cultlll" 
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 01' life stage, 
means and ranges of shell length, observed diseases or unusual 
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, biological 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, coefficient of varia
tion, precision and bias); (b) hypothesis testing (raw data, 
transformed data, null hypothesis, alternate hypothesis, target 
Type I and IT error rates, statistics used (including 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 
II error rates (for some discrete tests, achieved eITor rates only 
approximate the target rates); (c) results of regression analyses 
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(parameters of regression-fit, uncertainty limits 011 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 Bias: 
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 J 77 and E 691). Quantitative determi
nation of precision and bias in toxicity testing 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 several 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 toxicant. 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 (NOECs) 
derived from statistical analyses of hypothesis testing. The 
CVs may be very high when testing extremely toxic or 
nontoxic samples. 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 01' growth (Test Method 
E 1706). Several factors can affect the precision of the test, 

29 

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 AI. 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 
organisms and (b) 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 NaCI or CUS04' 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 chatts. 

16.3 Replication and Test Sensitivity-Sensitivity of toxic
ity tests· will depend in part on the number of replicates pel' 
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 objectives of the test and the statistical method 
used for analysis of the data (Section 14). 

16.4 Demonstrating Acceptable Laboratory Peiformance: 
16.4.1 Subsamples of each batch of test organisms used in 

toxicity tests should be evaluated using a reference toxicant 
(for example, NaCI or CuSO.). Bringolf et al (2005) (108) 
reported 24-h EC50s ranging from 0.55 to 3.3 g NaCIIL for 
glochidia of five species of mussels and 96-h EC50s ranging 
from 4.0 to 6.3 g NaCIIL for 5 species of juvenile mussels in 
reference-toxicity tests. USGS (2005b) reported 24-h EC50s 
ranging from 10 to > 100 fig CulL for glochidia of 11 species of 
mussels and 96-h EC50s ranging from 6.8 to 60 fig Cu IL for 
7 species of juvenile mussels in reference-toxicity tests (hard
ness 170 mgIL as CaC03). Test conditions for conducting 
reference toxicity tests should follow the recommended con
ditions for conducting toxicity tests with glochidia outlined in 
Table A1.1 and with juvenile mussels outlined in Table Al.4. 

16.4.2 Intra-laboratory precision, expressed as a coefficient 
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 dlll'ation, type 
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of water, age of test organisms. feeding), and same data 
analysis methods. A reference-toxicant concentration series 
(O.S or higher) should be selected that will consistently provide 
pattial 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 chart 
should include the most current data. Endpoints from five tests 
are adequate for establishing the control charts. In this tech
nique, a running plot is maintained for the values (Xi) from 
successive tests with a given reference toxicant (Figure 16 in 
Test Method E 1706). and the endpoint (LCSO, 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 limits (:':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 using control 
charts. With an alpha of O.OS, one in 20 tests would be expected 
to fall outside of the control limits by chance alone. If 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. 

16.4.S 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 LCSO 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 A!. All the performance criteria outlined in 
Annex A 1 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 value 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 different 
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 S % 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 01' more concentrations in which the endpoint 
is an estimate of the toxicant concentration which is lethal to 
SO % of the test organisms in the time period prescribed by the 
test. The LCSO is determined by an appropriate procedure, such 
as the ttimmed Spearman-Karber Method, Probit Method, 
Graphical Method, or the Linear Interpolation Method (Section 
14 and Test Method E 1706). 

16.4.9 The point estimation analysis 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 conducted with 
glochidia of Actinonaias ligamentina and Lampsilis siliq
uoidea (USGS 2004) (112) and juvenile mussels of L. siliq
L10idea (USGS 200Sb (9)). Test conditions for conducting the 
toxicity tests with glochidia were in accordance with the 
recommended test conditions outlined in Table AI.l and all of 
the toxicity tests met the test acceptability requirements out
lined in TableAl.3 (112). The dilution water was reconstituted 
hard water (160-180 mgIL as CaC03; Guide E 729). Survival 
of glochidia (based on valve closure in response to a solution 
of NaCl) was measured at 24 and 48 h. Survival of juvenile 
mussels (based on movement of the foot) was measured at 48 
and 96 h. The variability of ECSOs for glochidia toxicity tests 
conducted with copper, ammonia, or chlorine 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 IS and 38 % for 
toxicity tests conducted with glochidia of L. siliquoidea (Table 
3). The variability of ECSOs for toxicity tests conducted with 
juvenile mussels and copper at 48 and 96 h, expressed as the 

TABLE 3 Intra-laboratory Precision of EC50s (expressed as the Coefficient of Variation; CV) from Toxicity Tests with Glochldia or 
Juvenile. of Actinonalas /igamentina or L8mpsll/s sll/quo/dea (USGS 2004, 2005b) (9)(112) 

Test Organism Life Exposure Copper (lJgfL) Ammonia (mg NIL)A 
Stage Duration N EC50 CV(%) N 

A. IIgament/na Olochidia 24 h 4 53 25 4 
A. ligament/na Glochidla 48 h 4 26 22 4 
L. sll/quoldea Olochidla 24 h 6 35 15 5 
L. sll/quoldea Glochidla 48 h 6 23 25 5 
L. sll/quoldea Juvenile 48 h 4 40 26 
L. sll/quoldea Juvenile 96 h 4 22 13 

A At about pH 8.3 
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8 25 
5 36 

13 20 
11 20 

Chlorine (lJgIL) 

N EC50 CV(%) 

3 91 17 
3 47 13 
5 77 27 
5 66 38 
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TABLE 4 Inter-laboratory Precision of EC50s in Copper Toxicity Tests (1l9 CulL and 95 % Confidence Intervals) with Glochidia and 
Juveniles of Lampsilis siliquofdea (USGS 2004) (112) 

. Glochidla Juvenile 
Lab 

24-h EC50 48-h EC5D 48-h EC50 96-h EC50 

1.CERC 29 (28-31) 13 (12-14) 29 (23-36) 18 (15-22) 
2. NCSU 33 (32-35) 24 (22-25) 48 (40-59) 18 (16-20) 
3.0SU 27 (25-29) 26 (24-28) 47 (40-54) 41 (35-47) 
4. UMESC 38 (35-41) 21 (20-23) 34 (26-45) 21 (17-25) 
5. WSLH 32 (31-34) 20 (19-21) 36 (24-54) 19 (12-30) 
Mean EC50 (JJ91L) 32 
SO 4.2 
Coefflcent of variation (%) 13 
HlL EC50 1.4 

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 (Le., Lewis and Weber 
1985, USEPA 1993,113,114). 

16.5.2 Inler-laboralOlY Precision-Table 4 summarizes the 
results of an inter-laboratory toxicity test conducted with 
glochidia and juvenile mussels of Lampsilis siliqlloidea (USGS 
2004) (112). Test conditions for conducting the toxicity tests 
with glochidia were in accordance with the recommended test 
conditions outlined in Table A 1.1 and test conditions for 
conducting the toxicity tests with juvenile mussels were in 
accordance with the recommended test conditions outHned in 
Table A 1.4. Survival of glochidia (based on valve closure in 
response to a solution of NaCl) was measured at 24 and 48 h. 
Survival of juvenile mussels (based 011 movement of the foot) 
was measured at 48 and 96 h. The dilution water was 
reconstituted hard water (160-180 mgIL as CaC03; 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 about lOoC to five 
laboratories participating in the inter-laboratory toxicity test. 
The testing laboratories included 2 federal facilities and 3 

21 
5.0 
24 
2.0 
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39 23 
8.3 9.9 
22 42 
1.7 2.3 

university facilities. All of the laboratories met the test accept
ability requirements outlined in Table AJ.3 for glochidia 
toxicity tests and met the test acceptability requirements 
outlined in TableAJ.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 >95 % 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 valiability of EC50s for juvenile mussels, 
expressed as the CV, was 22 % for the 48-h EC50s and was 
42 % 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 commonly-tested 
organisms. 

17. Keywords 

17.1 acute toxicity test; bivalve; chronic toxicity test; fresh
water; glochidia; juvenile mussels; Margaritiferidae; Marga
ritiferid mussels; mollusc; mollusk; mussels; sediment; Union
idae; Unionid mussels; Unionoidea 
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ANNEX 

(Mandatory Infol1nation) 

At. GUIDANCE FOR CONDUCTING WATER-ONLY TOXICITY TESTS WITH EARLY LIFE STAGES OF 
FRESHWATER MUSSELS 

Al.I Significance 

A1.l.l 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 species, 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 lIsed in these toxicity assessments. 
Toxicity studies are separated according to the medium of 
exposure (water, sediment, and host fish; Kernaghan et al200S 
(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; Augspurger et al 2003 
(6), Keller et al 2005 (7); USGS (200Sa,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. 

A1.1.2 Short-term 24-h exposures with glochidia may be 
useful for screening of chemicals, but response of juvenile 
mussels may be more ecologically relevant (AI.4.2,AI.S.2, 
and AI.S.3). Use of glochidia to screen the relative sensitivity 
of a particular mussel species to chemicals would be particu
larly useful when evaluating 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 species 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, 01' food. Annex A 1 only addresses 
effects associ ated with exposure of mussels to contaminants in 
water. 

Al.l.4 Sections 12 and AI.S provide guidance on experi
mental design of toxicity tests with glochidia or juvenile 
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mussels. Section Al.2 provides guidance for conducting water
only toxicity tests with glochidia isolated from adult mussels. 
Section Al.3 provides guidance for conducting water-only 
toxicity tests with juvenile mussels. Refinement of these 
methods may be described in future versions of this standard 
after additional laboratories have used these methods (section 
AI.S). Results of tests using procedures different from the 
procedures described in section A1.2 or A 1.3 may not be 
comparable. Comparisons of results obtained using modified 
versions of these procedures might provide 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). 

A1.2 Test Conditions for Conducting Water-only Toxicity 
Tests with Glochidia of Freshwater Mussels 

A1.2.1 Test conditions used by investigators to conduct 
toxicity tests with glochidia are summarized in Table AI.I. 
Selection of specific test conditions and decisions concerning 
the various aspects of experimental 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 (Sections 12 and 16). 
When variability remains constant, the statistical sensitivity of 
a test increases as the number of replicates increase. 

A1.2.2 Table A1.l 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 A 1.1 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 AI.I). Toxicity tests 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 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 NaCI (KCI has also been previously been used, but 
this standard recommends use of NaCI 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. Control 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 
>90 % 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). 

A 1.2.3 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 chemical 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 AI.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. 

A 1.2.4 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 replicate containing about at least 500 glochidia 
(preferably 1000 glochidialreplicate 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 AI.4.8A). 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 exposures in at minimum the high and medium test 
concentrations and in the control. Requirements for test accept
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 A 1.1). 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 based on the relatively short survival time of 
glochidia after isolation from the female mussel (Table A1.2). 
If the life history of a particular species is not known (for 
example, the host required 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 take a few seconds for some 
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species (l 0.104), 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 be exposed to water-borne toxicants. 
Many anodontinae species release glochidia into water column 
that remain viable for days before infesting a 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 
vegetation, 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, it is 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. 
Moreover, the host fish for some species of mussels or 
techniques for transforming juvenile mussels in the laboratory 
may be unknown. 

A1.3 Test Conditions for Conducting Water-only Toxicity 
Tests with Juvenile Freshwater Mussels 

A1.3.1 Test conditions used by investigators to conduct 
toxicity tests with juvenile mussels are summarized in Table 
A 104. Selection of specific test conditions and decisions 
concerning the various aspects of experimental 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 (Sections 
12 and 14). When variability remains constant, the statistical 
sensitivity of a test increases as the number of replicates 
increase. 

A1.3.2 Table AlA 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 AlA 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 AlA). 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 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 
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typically >80 % at the end of toxicity tests conducted for 10 to 
28 d with juvenile mussels (Table Al,4). 

A1.3.3 In acute static tests, glass test chambers should be a 
minimum 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 volume of 300 mL containing 
a minimum volume of 200 mL of dilution water. Static, 
renewal, or flow through conditions can be used depending on 
tbe chemical being tested. Juvenile mussels are not typically 
fed during acute toxicity tests. Algae have been used as a food 
source in toxicity tests conducted for 10 to 28 d. Aeration of 
dilution water is not necessary unless dissolved oxygen is 
below acceptable concentrations (section AI.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. 

A1.3,4 The number of mplicates 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 
repHeate 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 A 1.5. 

A 1,4 Conducting a Toxicity Test 

A1.4.1 Procedures for constructing and maintaining expo
sure systems are outlined in Section 6 and in section AI.4.3. 
Hazards associated with conducting the toxicity tests are 
outlined in Section 7. Procedures for preparing dilution water 
are outlined in Section 8. Procedures for preparation and 
delivery of the test material to test chambers are outlined in 
Section 9 and in section A1.4.3. Procedures for obtaining test 
organisms are outlined in Section 10. Procedures for address .. 
iog quality assurance and quality control associated with a 
toxicity test are 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. 

A1.4.2 Beginning the Test: 
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AIA.2.1 Section 10.5 provides information on obtaining 
glochidia or juvenile mussels to start a toxicity test. 

AI,4.2.2 Acclimation-Glochidia should be acclimated to a 
50 to 50 mixture of culture to dilution water for about 2 h 
before tbe st31t 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 h in a 50 to 50 mixture of culture water to dilution water, then 
for 2 h in 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°e Ih). 
Glochidia and newly-transformed juvenile mussels are not fed 
during the acclimation period; however, older juvenile mussels 
should be fed during the acclimation period ( A 1.4.5). 

AI.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 A 1.4.8,4 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). 

AI.4.2,4 A representative 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.l 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.I7-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 I-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 
organism 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 
(section A 1.4.8.3). This information can be used to determine 
consistency in the size of the juvenile mussels used to start a 
test. 

A1.4.3 Static, Renewal, and Flow-through Exposure Sys
tems: 

AI.4.3.1 Section 6 provides a description of procedures for 
constructing exposure systems. 

AI,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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NOTE-The tubing is secured to Ihe needle with a small piece of tape. 
FIG. At.t Syringe Used 10 Transfer Juvenile Mussels (Wang el ai, 2003) (85) 

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 (b) 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 IS cm; 
300-~lm 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-flm 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 mussels can be found in USEPA (2000) 
(115),Figure A.5. Survival of glochidia in 48-h toxicity tests 
and survival of juvenile mussels in IO-d toxicity tests with 
copper and ammonia were similar in static or renewal exposure 
systems compared to flow-through exposure systems (Wang et 
al 2003) (85). 

A1.4.3.4 Alternative test chambers that have been used to 
conduct toxicity tests with glochidia are multi-well (6 or 12 
well) polystyrene (or other types of plastic) tissue-culture 
plates containing about 4 to 12 mL of water and a specific 
number of glochidia/chamber (Table A1.l). Larger 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 multi-well plates is that 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 150 mL of exposure water. 
Survival was then evaluated with the addition of a solution of 
Nael 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; seeA1.4.8.4). Use oflarger 
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), Bronson 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. 

A 1.4.3.5 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 A 1.4). Investigators have also exposed 
juvenile 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)). 

A1.4.4 Loading-Table Al.l outlines the number of 
glochidia added to each replicate test chamber and Table AlA 
outlines the number of juvenile mussels added to each test 
chamber. Loading should be limited to ensure that (a) the 
concentrations of dissolved oxygen and test material do not fall 
below acceptable levels, (b) 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 Of chronic toxicity tests. 

A1.4.5 Feeding: 
AI.4.5.1 Glochidia are not fed during toxicity tests. 
A1.4.5.2 Juvenile mussels are not typically fed during an 

acute toxicity test (for example, :5 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 siliquoidea 
and L rajinesqueana 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 juvenile mussels. Results of 
these tests indicate that the sensitivity of juvenile mussels did 
not change over the lO-d exposure without feeding. 

AI.4.5.3 In 10 to 28-d toxicity tests, algae have been used as 
a source of food (Table AI.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 mussels were fed 4-rnL of an instant algae mixture 
twice daily. The instant algae mixture was prepared from 
commercial Instant Algae4 brand non-viable rnicroalgae con
centrates (Reed Mariculture, Campbell, CA) by adding 1 mL of 
a NannochlOlvpsis concentrate and 2 mL of a Shellfish Diet (a 
mix of four marine microalgae [/sochrysis, Pavlova, TetraselM 

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 

A1.4.6 Monitoring a Test-Operation 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). 

AlA.7 Duration of Test-Toxicity tests with glochidia are 
typically conducted for at least 24 h (Table AJ.1; section 
AI.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 
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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 AlA). 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 Jive 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 survi ving organisms until at least 10% mortality occurs in 
each chamber. 

AI.4.8 Biological Data: 
AI.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 AU). 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; TableAlA). 
Newton et al (2003) (61) observed small reductions in growth 
of juvenile mussels in 96-h toxicity tests. 

AI.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 (TableAI.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 observe 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 1 em 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. 

AI.4.8.3 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 until 
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)). 

AIA.8A 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 (NaCI). Specifically, survival of 
glochidia should be calculated as: Survival (%) = 100 (# of 
closed glochidia after adding salt solution - # of closed 
glochidia before adding salt solution) I (# of open and closed 
glochidia after adding salt solution). A subsample of 100 to 200 
glochidia isolated from each female mussel should 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 I min after the addition of the saturated salt solution. The 
saturated solution of NaCI can be prepared by adding about 12 
g of reagent-grade NaCI to 50 mL of deionized water. About I 
drop of this saturated salt solution should be added to about 2 
mL of a water sample containing glochidia. If viability is 
>80 % (preferably >90 %), the rest of glochidia collected from 
that female 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 I min after addition of a 
specific amount afNael 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, Utterbackia imbecillis; 
Bringolf et al 2005 (108)). 

A1.4.9 Other Measurements: 
AI.4.9.1 Water 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 samples 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. 

AI.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 
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measured concurrently neal' 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, neal' 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 A1.3 and Table A1.5 summarize acceptable 
variation in temperature during a toxicity test. 

A1.4.9.3 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 mgIL during the test. Sparks and Strayer 
(1998) (50) observed effects on behavior of juvenile Elliptio 
complanata at dissolved oxygen concentrations of2 to 4 mglL. 
Gentle aeration can be used if dissolved oxygen in the test 
water is below 4 mgIL (that is, about I 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. 

A 1.4. 10 Test Material: 
A1.4.1O.1 If the test material is uniformly dispersed 

throughout the test chamber, water samples should be taken by 
using a pipette oJ' 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 tlle 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. 

A 1.4. 10.2 If some of the test material is not dissolved, 
measurement of the concentration of dissolved 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, medium and 
low concentrations of test material. It is desirable to measure 
the concentration of test material in all of the test concentra
tions. Measurement 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 measnred. 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. 

A1.5 Additional Information on Experimental Design and 
Interpretation of Data Generated in Toxicity Tests Conducted 
with Glochidia or Juvenile Mussels 

A1.5.1 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 invertebrates, 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 g]ochidia, (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 throughout the 
standard are highlighted in section A1.6. 

A1.5.2 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 AI.2; section 10.1). Longevity 
of glochidia after release and before attachment to a host may 
exceed one week and may be dependent on temperature 
(Zimmerman and Neves 2002) (42); however, some reports are 
anecdotal (Murphy 1942 (123), Matteson 1948 (124), Tedla 
and Fernando 1969 (125». Glochidia of some species 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». 

AI.5.2.1 Table A1.2 provides a summary of laboratory 
studies that have evaluated survival times of glochidia after 
removal from the marsupium of the female OJ' 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 % for 13 d at lO'C and 5 d at 25'C (Table 
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AI.2). Similarly, glochidia of Utterbackia 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 A 1.2 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 
capsaeJormis were viable for only 4 to 6 h, glochidia of 
Megalonaias Ilervosa and Quadrula quadrula were viable for 
1 d after removal from the marsupium of the female (Table 
Al.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 is, survival of glochidia in 
the control must be >90 % at the toxicity test Table AI.3). 

A1.5.3 Short-term exposures with glochidia may be useful 
for screening of chemicals, but response of juvenile mussels 
would be more ecologically relevant (Kernaghan et al 2005) 
(5). Use of glochidia to screen the relative sensitivity of a 
particular mussel species to chemicals would be particularly 
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. 

Al.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). Zimmelman and Neves (2002) 
(42) reported that glochidia can successfully attach to a host I 
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 after 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 after isolation from a female in toxicity 
tests conducted with zinc or copper (Kernaghan et a12005) (5). 
Ultimately, it is more practical to base duration of exposure 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, Table Al.2). 

A1.5.5 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 AlA). 
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 AI.4), but exposures conducted for 
longer petiods 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 Vil/osa iris held in a small amount of 
sediment and fed algae (Neochloris). 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 siliquoidea, 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 change 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, 
no 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.S.7 How should death of juvenile mussels be determined 
at the end of a toxicity test? Lack of foot 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 (fable A 1.4). Lack of movement of 
the foot of a juvenile mussel is the primary endpoint recom
mended in this standard (section A1.4.8). 

A1.S.8 How should the quality of glochidia be determined 
at the start of a toxicity test? Is the use of a solution of NaCI 
(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 NaCI (or KCI) 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 stmt (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 glochidia in 
toxicity tests was similar when either KCI or fish plasma was 
used to make glochidia close at the end of an exposure 
(Huebner and Pynnonen 1992) (128). Decreased response to 
KCI was considered an indication of reduced glochidia viabil
ity and thus reduced capability to attach to the fish host 
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(Pynnonen 1995) (129). A significant correlation was observed 
between the response of glochidia to KCI and ability of 
glochidia of Utterbackia imbecillis to 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 NaCI 
and the ability to infest a host fish. Jacobson et al (1997) (31) 
reported glochidia of Villosa iris that responded to the addition 
of NaCI 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 NaCI 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 NaCI compared to KCI or fish 
plasma. 

Al.S.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 closed after isolation from a 
female may reopen after being held in clean water a few hours 
(Goudreau et al 1993 (130)). 

A1.S.lO Will immature, stressed, or unhealthy 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 
m'e free of an egg membrane or mature and healthy glochidia 
will close when exposed 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 glochidia (Kernaghan et al 
200S) (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 glochidia used to 
conduct the test (section 16.4). Broken glochidia have not been 
observed at the start of a test (Kernaghan et al 200S) (5). The 
presence of broken glochidia may indicate that the glochidia 
are immature and should not be used for testing. 

A1.S.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) 
eHminate 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 
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glochidia survival 01' transformation (l0.5). Rinsed glochidia 
have been observed to successfully transform on fish or in 
artificial media and high control survival in toxicity tests has 
been repOlted 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)). 

Al.5.12 Should glochidia be acclimated to test conditions 
before the stmt 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 (fable AI.!). 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 accHmating 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. 

AI.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 (fables AU and Al.2). Therefore, setting 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 conducted for 
longer than this time period. 

A1.5.!4 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 
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endpoint to establish the acceptability of toxicity tests con
ducted for up to 14 d. Investigators have reported >90 % 
survival of newly-transformed juvenile mussels after the end of 
exposures conducted for up to 14 d (fable Al.4); however, 
additional research is needed to improve survival in tests 
conducted for >14 d with newly-transformed juvenile mussels 
including research on dietmy 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 a,b (8,9)) and Bringolf et al (2005) conducted 
toxicity tests starting with 2- to 4- month old juvenile Acti
nonaias ligamentina, Lampsilis siliquoidea or Villmm iris and 
observed control survival> 88% in 21- to 28-d exposures 
when algae was used as a food source (10.6.3.14). Klaine et al 
(1997) (135) report that shell length 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 
AU and Table Al.4 provide reliable estimates of toxicity of 
chemicals to glochidia and juvenile mussels in water-only 
exposures. The following list of research topics have been 
identified throughout the standard and in Kernaghan et al 
(200S) (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. 

A1.6.1 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 toxic modes of action 
(section A1.4.9). 

A1.6.3 Further evaluate the influence of contaminant expo
sure on immature glochidia developing within the mm'supium 
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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Al.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 (section 16.5). 

Al.6.6 Further develop endpoints for establishing effects in 
toxicity tests with juvenile mussels (for example, behavior, 
biomarkers). 

Al.6.7 Develop standard methods for conducting toxicity 
tests with (1) adult freshwater mussels and (2) contaminated 
sediments using various life stages of freshwater mussels. 

Al.6.S Evaluate the relative sensitivity of glochidia, newly
transformed juvenile mussels, older juvenile mussels, and adult 
mussels to a variety of different chemicals in acute 01' 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, 
c1adocerans, Corbicula) in toxicity tests conducted using a 
variety of different chemicals. 

Al.6.10 Compare the response of different populations of a 
species collected from different geographic regions to a variety 
of chemicals ill laboratory toxicity tests. 

Al.6.1! Compare the response of mussels tested in labora
tory toxicity tests to the response of mussels exposed in the 
field (either using in-situ exposure containers or in a natural 
habitat). 
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TABLE A 1.1 Summary of Test Conditions Used to Conduct Toxicity Tests with Glochidia of Freshwater Mussels (adapted from Kernaghan et ai, 2005) (5)A 

NOJE-The last column provides a summary of recommended conditions that can be used to conduct toxicity tests with glochidia. 
,"n 
.g.g Johnson et al Huebner and Keller and 
~'< Lasee (1991) Goudreau at al Jacobson et at McCann (1993) Klaine et af USGS (2004) Recommended 8. =-. Conditions (1990, 1993) Pynnonen (1992) RusseJer (1997) 
grg. (136,79) 

(134) (128)8 (1993) (130) (1997) (31) 
(58) 

(131) (1997) (135) (112) Test Conditions --g.~ Species tested Utterbackia LampsHis Anodonta cygnea, Vil/osa iris Multiple speciesE Multiple speciesF Vlllosa iris Utterbackia Mulitple speciesG NAH 
~> imbeciflitP cardiurrP A. anatina imbecillis 
~en 2 Test1ype Static Static Static Renewal Static Static Static Static Static, renewal, Static, renewal, or 
[~ flow-through flow-through 
N_ (depending on 
o " 
Q, ""' 

chemical tested) 
"",::: 3 Test duration (h) 24 48 24,48,72,144 24 24,48 4,24,48 24 24,48 6,24,48 6, 24 (up to 48 
~a. 
C;: depending on 

0", viability of 
0,," glochidia) 
~-~ ~ 4 Temperature, °C 20 21 13 22 10 to 25 25 20 25 20 20 o ~ 
;..f.t 5 Light quality Ambient lab light NRH NR NR NR NR NR Ambient lab light Ambient lab light Ambient lab light 
",,0 6 Light intensity NR NR NR NR NR NR NR NR 200 lux 100 to 1000 lux ~ ~ 
0< 

7 Photoperiod 16L:8D 24D Natural regime 16L:8D 16L:8D 12L:12D NR 16L:8o 16L:8D 16L:8D 00 
36 8 Test chamber 100-mL beaker 25O--mL 400-mL beaker Basket of mesh 12w well plate &-weU plate 12·well plate 12·wel! plate 200-mL 1 OO-mL glass 0" 

a;,:: crystallizing dish netting in 4-L crystallizing dish chamber 
~ 0 chamber (minimum) _." 
,"en 9 Test solution 50 200 200 NR 3.5 NR 5 3.5 100 75 (minimum) 
O.g volume (mL) • ~.oo 10 GJochidia shake piece of flush gills with cut gills and flush gins with cut gills and NR flush gills with flush gillS with flush gills with flush gills with 

""- collection cut gill in water syringe press out syringe separate glochidla syringe syringe syringe syringe 
1:Cf:" glochidia using from marsupia m 
£ ~t3 forceps I\) 

Ow 11 Age of test NR NR 3to 24 NR NR NR <2 NR <2 to <24 <24 .j>. 
"w en 
~m 

organisms (h) en 
'£~ 12 No. organisms 10 10 1000-3000 Several hundreds 50-75 50-100 40 50--100 about 1000 about 500 (1000 I 

:5" 
per test chamber for repeated sarn- O 

,"0 piing during a toxw 

'" 0° icitj test) 
Z'" 13 No. replicate 2 3 2, counting 3 2, counting 3 3 3 or4 3 3 3, counting a sub- 3, counting a sub-

" chambers per samples with samples with sample with about sample with about 
treatment about 100 about 100 100 glochidia 100 glochidia 

glochidia glochidia from each from each 
replicate replicate 

14 Feeding None None None None None None None None None None 
15 Aeration None None Ves None None NR NR NR None None, jf dissolved 

oxygen is mainw 

tained above 
acceptable 
concentration 

16 Dilution water Reconstituted Hardness 150 Tap water Dechlorinated Dechlorinated tap Reconstituted Sinking Creek Hardness 99--107 Reconstituted Depends on 
water, hardness mg/L as CaCOs effluent water water or Clinch water, hardness water, VA mgl1..as Cac03 water, hardness experimental 
40-50 mgIL as River water, VA 47-76 mgIL as 170 mglLas design 

CaCa,. Cac03 Cac03 

17 Water 'quality 00, pH, hard- 00, pH, hard· pH, Ca, Cu, Zn DO, pH, hard· DO, pH, hard· 00, pH, hard- 00, pH, hard- DO, pH, hardw DO, pH, ammo· ~O, pH, ammo· 
ness, alkalinity, ness, alkalinity, ness, alkalinity, ness, alkalinity, ness, alkalinity, ness, alkalinity, ness, alkalinity, nia, hardness, nia, hardness, 
conductivity conductivity conductivity conductivity conductMty conductivity conductivity alkalinity, alkalinity, 

conductivity conductivity 
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Conditions 

18 Endpoint 

19 Control survival 
(%) 

Johnson et al 
(1990,1993) 

(136,79) 

Survival (valve 
closure with cul
ture medium) 
>95 

Lasee (1991) 
(134) 

Huebner and 
Pynnonen (1992) 

(128)8 

Survival (valve Survival (valve 
closure with NaCQ closure with KCQ 

>90 >80 

TABLE A1.1 Conffnued 

Goudreau et at 
(1993) (130) 

Jacobson et al 
(1997) (31) 

Keller and 
Ausseler (1997) 

(58) 

McCann (1993) 
(131) 

8U1viva[ (valve Survival (valve Survival (valve Survival (valve 
closure with NaCI) closure with NaCI) closure with NaCO closure with salt 

solution) 
ao >90 >80 >80 

A Reprinted with permission of Kernaghan et at (2005) (5). Copyright Society of Environmental Toxicology and Chemistry (SETAC). 
SSee also Pynnonen (1995) (129), Hansten etal (1996) (137). 
C Formerly Anodonta imbecillis. See also Weinstein (2001) (138). 
o Formerly Lampsilis ventricose.. 
C Villose iris, Actinonaias pectorosa, Pyganodon grandis, Lampsilis fasciola, Medion/dus conradius. See also Jacobson (1990) (116), Cheny et af (2002). 

K1aine et al 
(1997) (135) 

Survival (valve 
closure with sa
line solution) 
80 

USGS (2004) 
(112) 

Recommended 
Test Conditions 

Survival (valve Survival (valve 
closure with NaC!) closure with NaCI) 

>90 >90 (must) 

FVillosaosa Iienosa, Villosa v/llose, Utterbackia imbeCillis, Mega/onaias neNOSa, Lamps/lis tEres, Lampsilis sili'quoidea. See also Jacobson (1990) (116); McCann (1993) {125}, VJ710sa iris, Actinonaias pectorosa, 
Medionidus conrad/us. 

G Actinonaias Iigamentina. A/asmidonts heterodon, Ppioblasma capsaefotmis, Lampsilis siliquoidea, L fasciola, L abrupra, L rafinesqueana, Potamilus ohiensis, Pfeurobema plenum, Quadru/a quadrula, Q. pustulosa, 
Leptodes fragilis, L leptodon, Venustaconchs ellipsiformis, Villosa iris. 

H NA: not applicable. NR: not reported. 

~ 
m 
N ... 
c:n c:n 
I 
o 
0> 
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TABLE A1.2 Survival Time of Glochidla after Removal from Female Unlonid Mussels (Kernaghan et al 2005) (5)A 

Speoles 

Act/nona/as IIgamontina 
Act/nona/as pectorosa 

A/8sm/donta heterodon 
Anodonta anatlns 
Anodonta cataracts 
Anodonla cygnes 
Anodonla grandis 
Elfiptlo comp/anata 

Elliptlo dllatata 
Epfoblasma capsaewrmls 
Lamps/fls abrupta 
Lamps/lis cardium 
Lampsl/ls fascia/a 

Lampsllls raflnesqueana 
Lampsllis s///quo/dea 

Lamps/lis teres 
Leptodea frag/lfs 
Leptodea leprodon 
Leptodea feptodon 
Margaritlfera falcata 
Medlonldus conradfcus 
Mega/ona/as nervosa 
Potamllus atatus 
Potamll/1$ ohiensis 
Pyganodon grand/s 
Quadrula quadrula 
Quadrula pustulosa 
Utterback'a /mbeclliis 

Vanustaconcha al/lpslform's 
Vlllosa Iris 

Vi/losa lIenosa 
VlIlosa nebufosa 
Vil/osa vll/asa 

Temperature 
C 

20 
10 
25 
20 
20 
13 
10 
13 
10 
5 
20 
20 
20 
20 
21 
20 
20 
20 
20 
20 
10 
20 
25 
20 
25 
20 
20 
20 
11 
20 
25 
20 
20 
20 
20 
20 
21 
25 
25 
20 
20 
10 
20 
25 
22 
20 
20 
25 
20 
25 

Duration of Viability 

Day (% Survival) 

7 (>90): 8 (>75); 9 (>50) 
13(>75) 
5 (>75) 
>2 (>90)*B 
2 (>90): 2 (>75): 2 (>50) 
>3 (>90) 
>14 (>90) 
>3 (>90) 
>14 (>90) 
7 NRG 
<1 (>90); 3 (>75) 
<1 (>90); 1 (>75);<2 (>50) 
0.3 (>90) 
2 (>90): 5 (>75): 7 (>50) 
>2(>90)* 
5 (>90); 7 (>75): 8 (>50) 
>2 (>90)· 
1 (>90); 2 (>75); 3 (>50) 
2 (>90; 4 (>75): 5 (>50) 
5 (>90); 6 (>75): 6 (>50) 
9 NR 
8 (>90): 9 (>75); 10 (>50) 
>2 (>80)* 
1 (>90); 3 (>75); 4 (>50) 
0.2 (>80) 
1 (>90): 3 (>75); 4 (>50) 
1 (>90): 2 (>75) 
0.25 (>90): 1 (>75); 2 (>50) 
11 NR 
>2 (>90)* 
1 (>80)· 
6 (>90) 6 (>75); 6 (>50) 
5 (>90), 6 (>75): 7 (>50) 
>1 (>90)' 
1 (>90): 1 (>75); 2 (>50) 
<1 (>90): 1 (>75); 1 (>50) 
10 (>80): 14 (>50) 
>2 (>80)' 
>2 (>BO)· 
>1 (>90)" 
2 (>90)1 3 (>75); 3 (>50) 
8 (>75) 
5 (>90): 5 (>75): 6 (>50) 
2 (>75) 
>1 (>80)* 
>1 (>80)* 
>2 (>90)* 
>2 (>BO)* 
>2 (>90)* 
>2 (>80)* 

Reference 

USGS (2004) (112) 
Zimmerman and Neves (2002) (42) 
Zimmerman and Neves (2002) (42) 
Jacobson et al (1997) (31) 
USGS (2004) (112) 
Huebner and Pynnonen (1992) (128) 
Jacobson (1990) (116) 
Huebner and Pynnonan (1992) (128) 
Jacobson (1990) (116) 
Matterson (1946) (124) 
8rlngoll al al (2005) (106) 
8rlngoll al al (2005) (108) 
Wang at al (2003) (85) 
USGS (2004) (112) 
Lasee (1991) (134) 
Wang at al (2003) (85) 
Jacobson alai (1997) (31) 
Brlngolf et ai. (2005) (108) 
Brlngoll al al (2005) (108) 
USGS (2004) (112) 
Tedla and Fernado (1969) (125) 
Wang el al (2003) (85) 
Kaller and Ruessler (1997) (58) 
Bringolf et al (2005) (108) 
Keller and Ruessler (1997) (58) 
Wang at al (2003) (85) 
Brlngolf at al (2005) (108) 
USGS (2004) (112) 
Murphy (1942) (123) 
Jacobson at af (1997) (31) 
KeUer and Ruassler (1997) (58) 
Wang et al (2003) (85) 
Wang et al (2003) (85) 
Jacobson elal. (1997) (31) 
Wang el al (2003) (85) 
Wang et al (2003) (85) 
FIsher and Dimock (2000) (73) 
Keller and Ruessler (1997) (58) 
Klaineetal. {1997} (135) 
Johnson at al (1990,1993) (136,79) 
Wang ., al (2003) (85) 
Zimmerman and Neves (2002) (42) 
Wang et al (2003) (85) 
Zimmerman and Neves (2002) (42) 
Goudreau et al (1993) (130) 
Sch~l.r (1997) (139) 
Jacobson et al (1997) (31) 
Keller and Ruessler (1997) (58) 
Jacobson (1990) (116) 
Keller and Ruessler (1997) (58) 

A Reprinted with permission of Kernaghan et al (2005) (5). Copyright Society of Environmental Toxicology and Chemistry (SETAC). 
BAn asterlk indicates a value based on control survival in 24- or 4B-h toxicity tests. 
e NR: not reported. 
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TABLE A1.3 Test Acceptability Requirements for Toxicity Tests Conducted with Glochidia Isolated from Freshwater Mussels 

A. It Is recommended for conductfng 24-h toxicity tests with glochidla Isolated from adult mussels that the following performance criteria be met: 
1. Age of grochldia should be less than 24-h old at the start of the toxicIty test. Viablilly of glochidla isolated at the beginning of a toxicity test must be 
greater Ihan or equal to 80 % (preferably greater than or equal to 90 %). 
2. Average survival of glochldla In the control at the end of a test must be greater than or equal to 90 %. 
3. Hardness, alkalinIty, and pH in the dilution water should not vary by more than ±10 % during the exposure and dissolved oxygen should be maintained 
above 4 mglL 
4. The duration of an acute toxicity test should be no more than half of the length of time that 90% of the organisms sUlvlve 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 glochldia toxicity test). 

B. Periormance-based criteria for culturing and handllng of glochldia or adult mussels include the following: 
1. Subsamples of each batch of lest organisms used in toxicity tests should be evaluated using a reference toxicant (for example, NaCI or CuSO.\> section 
16.4). Data from these reference-toxicant tests can be used to assess genetic strain or life-stage sensitivity of test organisms to select chemicals. 
2. Laboratories should track survival of adult mussels in the cultures. Records should also be kept on procedures used to collect and hold adult mussels. 
3. Laboratories should record the following water-quallty characteristics of the cultures at least quarterly: pH, hardness, alkailnlty. and ammonia. Dissolved 
oxygen In the cultures should be measured weekly. Temperature In the cultures should be recorded daily. 
4. Laboratories should characterize and monitor background contamination and nutrient quanty of food if problems are observed in culturing or testing 
organisms. 

C. Additional requirements: 
1. AU organisms in a test must be from the same source and should be acclimated for about 2 h to the djution water before the start of a toxicity test. II is 
desirable to combine samples of glochidla obtained from al least three female mussels to start a toxicity test. 
2. All test chambers (or compartments) should be identical and should contain the same amount of dilution water. Individual test organisms should be 
Impartially assigned to test chambers (or compartments). Treatments sholJld be randomly assigned to individual test chamber locations. 
3. Negative-control and appropriate solvent controls must be included in a test. The concentration of solvent used must not adversely affect test 
organisms (section 9.2.4). The concentration of an organic solvent used In the preparation of a test solution should not exceed 0.5 mUL. A surfactant 
should not be used In the preparation of a test solution. 
4. The difference between the highest and lowest time-weighted averages for the Individual test chambers must not be greater than 1 ac. Whenever 
temperature Is measured concurrently in more than one test chamber, the highest and lowest temperatures must not differ by more than 2°C. The upper or 
lower 95 % confidence limit on individual temperatures measured in the test chambers throughout the test must not be more than 2°C above or below the 
mean of the time-weighted average measured temperature for the Individual test chambers. 
5. Calculation of an LC50 or EC50 should usually be considered unacceptable if, (1) no treatment other than a control treatment killed or affected less 
than 37 % of the organisms or, (2) no treatment killed or affected more than 63 % of the organisms. 
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TABLE A 1.4 Summary of Test Conditions Used to Conduct Toxicity Tests with Juvenile Freshwater Mussels (adapted from Kernaghan et ai, 200SA) (5) 

NOTE-The last column 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 
;on up to 96 h and chronic tests are tests conducted for at least 21 d, 
.g,g 
8.~. Jacobson 
~'" 5::;;- Johnson at (1990) Myers- Recom-~~ Lasee Keller and Klaine et al Scheller Dimock and Newton et Lase. Wade et al Jacobson Valenti et al USGS 
§'~ C dT al (1990. (116). (1991) Zam (1991) (1997) (1997) 

Kinzie 
Wright al (2003) (1991) (1993) (1990) (2005) (2004) USGS mended 

~» 
on lions 1993) (136, Jacobson 

(134) (67) (135) (138) (1998) (1993) (48) (61) (134) (119)8 (116) (107) (112) (2005b) (9) Test 

t.~ 
78) et al (1993) (132) Conditions 

(75) 
N _ 

Species Ufterbackia Villosa Lampsifis Mulitple Utterbackia Villose iris Lampsilis Utterbackia Lampsilis Lampsilis Utterbackia ViI/osa Villosa iris Mulitple Vil/osa irit!' NA' ~ ~ 
Q..::!: tested imbecilosC nebulosa, cardiurrf" speciesF imbeciflis siliquoidea imbedl/is, cardium ventricosa imbecillis nebulosa speciesG 
'C~ V. iris, Pyganodon ~ ~ 
~ - Anodonta cataracta r;;-
(S'o:q' grandiseD 
0,," 2 Test type Renewa[ Static Static Static Static Static NR Static Row Renewal Renewal Artificial Renewal Renewal, Row Static, re-~~ 
00 00 
~ ~ through stream flow through newalor »g through flow-

(JQO 
~ ~ through ~ < 
~ ~ (depending S.e 
0·' on duration 
g~ of exposure 
~ 0 and chemi--.~ ;:rrn cal tested) 

0 O.g 3 Test dura- 2 2 1-4 , .. 4 1,2,4 1-4 4,10 7 9 14 21 2,4,10 28 Acute:S4 

~- tion (dl Chronic:21 _.00 

"'- to 28 
tt:i::- 4 Tempera- 20 20 21 22,25, or 25 25 24 20 21 21 24 20 20 20 20 20 m 
~ ~~ ture, °C 32 N 
0,,", 5 Light Ambient NR' NR NR NR NR NR NR Fluorescent NR NR NR NR F[uorescent Fluorescent Ambient lab "" ~""' Cl'I 

'iii'" quality lab light light Cl'I 
ZO 6 Light NR NR NR NR NR NR NR NR NR NR NR NR NR 200 lux 200 lux 100 to I 
<'"" intensity 1000 lux 0 _N 

7 Photo 16L:8D 16L:8D 24 D 12L:12D or 16L:8D NR NR NR 16L:8D 24D 24D 16L:8D 12L:12D 16L:8D 16L:8D 16L:8D 0> ;00 
0° period 16L:8D 
Z'" 8 Test 125-mL 12-well Covered Petri dish Petri dish 12-well Petri dish 120-mm 132 by 90 Covered 50-mm Dish cov- 30-mL bea- 50- or 300-mL Static or 

chamber beaker plate 250-mL plate diam. tub by 130 mm 250-mL diam, glass ered with kers sub- 300-mL beaker renewal: 
crystallizing with mesh chamber crystalllzing tub with mesh merged in beaker SO-mLbea-
dish bottom in dish mesh bot- a 1-L glass kers (mini-

4-L cham- tom in beaker mum) FlOw-
ber 2S0-mL through: 

chamber 300 mL 
beakers 
(minimum) 

9 Test solu- 100 3.5 NR 15 15 5 10 NR 1200 NR 200 1SO 950 30 or 200 200 Static or 
tion volume renewal: 30 
(mL) (minimum) 

Flow-
through: 
200 (mini-
mum) 

10 Procedure Artificia[ Rsh host FISh host Fish host or Fish host or Fish host Artificial Artificia[ 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 Hl <3,5,9 <10 7-10 3-5 0 6-10 1-3 60 3-5, 60 60 Acute:<5 
organisms Chronic:60 
(day) to 120 
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TABLE A1.4 Continued 

Jacobson 
Johnson et (1990) Lasee Keller and Klaine et al Scheller 

Myers· 
Dimock and Newton et Lasee Wade etal Jacobson Valenti et al USGS 

Aecom-
C di· al (1990, (116), Kinzie USGS mended 

on IDons 1993) (136, Jacobson (1991) Z8m (1991) (1997) (1997) 
(1998) 

Wright al (2003) (1991) (1993) (1990) (2005) (2004) 
(2005b) (9) Test (134) (67) (135) (138) (1993) (48) (61) (134) (119)B (116) (107) (112) 79) et al (1993) (132) Conditions 

(75) 

12 No. organ- 10 10 10 10-20 5 NR 10 20 50 15 15 5 5 10 Acute:<5 
isms per (minimum) 
test cham- Chronic:10 
be' (minimum) 

13 No. repli- 2 20r3 3 2·4 10 4 NR 3 6 2 3 3 4 4 4 Acute:4 
cate cham- (minimum) 
bers per Chronic:3 
treatment (minimum) 

14 Feeding None None None None None None None None None Lab cul- Algae and Algae Algae and None Instant al· Acute:none 
tured phy- silt sediment gae mix- Chronic: 
toplankton tureJ Algae 

15 Aeration None None Ves NR None NR NR Ves Ves None None None Ves None None None, if 
dissolved 
oxygen a 
maintained 
above ao-
ceptable 
concentra~ 

tion 
16 Dilution Reconsti~ Clinch· Hardness Reconsti~ Reconsti~ Sinking Hardness NR Hardness Hardness Tennessee Clinch Reconsti~ Reconsti~ Reconsti- Depends 

wate, tuted water, River water, 150 mglL tuted water, tuted water, Creek wa~ 100 or 200 133 mgIL 150 mgIL River water River water, tuted water, tuted water, tuted water~ on experi-
hardness VA as CaCOs hardness hardness ter, VA mglL as asCaco, as CaCOs VA hardness hardness hardness mental 
40-50 mg/L 47-76 mg/L 99-107 cacos 100 mglL 170 mg/L 170 mg/L design 
as CaCOs as cacos mgILas as CaCOs as CaGOs as CaGOs 

CaCOs 
17 Water 00. pH. 00. pH. 00. pH. 00. pH. 00. pH. DO, pH, pH, hard- NR 00. pH. DO. pH, 00. pH. NR NR 00. pH. 00. pH. DO, pH, 

quality hardness, hardness, hardness, hardness, hardness, hardness, ness hardness, hardness, hardness, ammonia, ammonia, ammonia, 
aIkaIintly, alkalinity, alkalinity. alkalinity. alkalinity, alkalinity. alkalinity, alkalinity. alkalinity, hardness, hardness, hardness, 
conductivtly conductivity conductivtly conductivity conductivity conductivtly conductivity conductivity conductivity alkalinity, alkalinity, alkalinity, 

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 cm- (activity (gaped (heartbeat (foot or (foot, valve growth, (foot or cHi- (Ciliary (extruded growth (foot or (fool or (foot move-
valves, foot ary move- and heart- valves with and ciliary valve or ciliary ratio of aJY move- action) foot and shell move- shell move- ment), 
activity or ment) beat) foot and action) movement) activity, stressed to ment), 
stained with ciliary heartbeat) alive growth 
neutral red) activity) (length and 

height) 
19 Control >95 100 96 NR >90 >80 99 >90 >95 97 

survival (%) 

A Reprinted with permission of Kernaghan et al (2005) (5). Copyright Society of Environmental Toxicology and Chemistry (SETAC). 
BSee alSo Masnado et al (1995) (140), McKinney and Wade (1996) (120), KeUer et al (1999) (141). 
C Formerly Anodonta imbedllis. 

gaping ment) and ment) and 
valves) growth ( growth 

shell (shell 
length) length) 

>90 100 90 >90 >88 

D See also McCann (1993) (131) for 2- to 4-d exposures with Villosa iris, Actinonaias pectomsa, Medionidus conradius. 
E Formerly Lampsilis ventricosa. 
F Anodonta imbecillis, Vi/losa Iienosa, V. vi/losa, Utterbackia imbecillis, Lampsilis straminea daibo'mensis, L. subangulata. Elliptic icterina. See also Keller 1993 (142), Keller and Ruessler 1997 (S8). 
G Vil/osa iris, cpioblasma capsaeformis, Lampsilis fasciola. L siliquoidea, L. abrupta, L. rafinesqueana, Leptodea leptodon. 
H Brlngotf 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 Actinonaias ligamentina or Lampsilis siliquoidea. 
I NA: not appHcable. NR: not reported. 
J See section A 1.4.5.3 for a description of the procedure used to prepare this instant algae mixture. 

growth 
(shell 
length) 

Acute:>90 
(must) 
Ghronic:>80 
(should) 

~ 
m 
N 

"'" U1 
U1 
I 

0 
C» 
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TABLE A1.5 Test Acceptability Requirements for Toxicity Tests Conducted with Freshwater Juvenile Mussels 

A. It Is recommended for conducting toxicity tests with juvenile mussels thai the following performance crllerla be met: 
1. Average survival of Juvenile mussels In the control at the end of a 96·h test must be greater than or equal to 90 %. An insufficient number of tesis have 
been conducted w!th Juvenile mussels for 10 or mora days to provide specific guidance on control survival In longer-term tests. However, a limited number 
of toxlcily tests have reported control survival greater than 80 % In tests conducted with Juvenile mussels for 10 to 28 d. Therefore, average survival of 
juvenile mussels In the conlrol at the end of a test conducted for IOta 28 d should be greater than or equal to 80 %. 
2. Hardness, alkalinity, and pH In the dilution water should not vary by more than ± 10 % during the exposure and dissolved oxygen should be maintained 
above 4 mg/L 
3. 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 addJlional 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 96 h after the end of a 96-h juvenile toxicity test). 

B. Performance-based criteria for culturing and handling of Juvenile or adult mussels include the following: 
1. Subsamples of each batch of test organisms used in toxlclty tests should be evaluated using a reference toxicant (for example. NaCI or CuSO.j, section 
16.4). Data from these reference-toxicant tests can be used to assess geneUc strain or life-stage sensitivity of test organisms to select chemicals. 
2. Laboratories should track survival of Juvenile and adult mussels In the cullures. Records should also be kept on procedures used to collect and hold 
juvenile and adult mussels. 
3. Laboratories should record the following water-quality characteristics of the cultures at least quarterly: pH, hardness, alkalinity. and ammonia. Dissolved 
oxygen In the cultures should be measured weekly. Temperature in the cultures should be recorded dally. 
4. Laboratories shoUld characterize and monitor background contamination and nutrient quality of food If problems are observed in culturing or testing 
organisms. 

C. Additional requirements: 
1. All organisms 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 test. 
2. All test chambers (or comparbnents) should be Identical and should contain the same amount of dilution water. Individual test organisms should be 
Impartially assigned to test chambers (or compartments). Treatments should be randomly assigned to individual test chamber locations. 
3. Negative-control and appropriate solvent controls must be Included in a test. The concentrallon of solvent used must not adversely affect test 
organIsms (section 9.2.4). The concentration of an organic solvent used in the preparation of a test solution should not exceed 0.5 mUL In 96-h tests or 
0.1 mUL In longer-term tests. A surfactant should not be used in the preparation of a test solution. 
4. The difference between the highest and lowest time-weighted averages for the individual test 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 differ by more than 2"C. The upper or 
lower 95 % confIdence limit on Individual temperatures measured in the test chambers throughout the test must not be more than 2°C above or below the 
mean of the time-weighted average measured temperature for the individual test chambers. 
5. Calculation of an LC50 or EC50 should usually be considered unacceptable If, (1) no treatment other than a control treatment killed or affected less 
than 37 % of the organisms or, (2) no treatment killed or affected more than 63 % of the organisms. 
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