Final Report
Project Name: Colorado E. coli Assessment and Management Project (Phase 1)
Grant Contact: Colorado Stormwater Council (on Behalf of the Water Quality Forum’s E. coli

Work Group); Contact: Jill Piatt-Kemper, Chairperson; c/o City of Aurora, 15151 E. Alameda
Parkway; Aurora CO 80012; email: Jpiatt@auroragov.org; tel.: (303) 739-7390.

Grant Category: Planning Grant (2007-2008)
Project Budget: $10,000

Report Summary: Phase | of the E. coli Assessment and Management Project funded under
the Colorado Watershed Protection Fund is complete and has benefited from the investment of
over 150 hours by stakeholders, including local governments, the Colorado Water Quality
Control Division and EPA. The value of matching time is estimated at over $13,000, providing a
130% matching funds rate. Phase | of this project was completed by September 30, 2008.
Table 1 briefly describes various work products. Work products generated to date are attached
for more detail. Phase Il of the project will build upon work completed under Phase 1.

Task Description Work Product Status

Bibliography completed and distributed to
stakeholders (see attached). Due to rapidly
changing state of the science, this bibliography
may be updated during Phase Il of the project.

Annotated bibliography of existing E.
1 coli resources by topic with hyperlinks
to web resources (where available)

Technical Memorandum; Evaluation of
the EPA Report on the Experts
Scientific Workshop on Critical

> Research Needs for the Development
of New or Revised Recreational Water
Quality Criteria — What does it mean to
the Colorado stream segments listed
as impaired for E. coli?

Detailed Powerpoint presentation summarizing
key issues developed and presented at
stakeholder meeting. Discussion anticipated to
continue on this topic. Also posted to Water
Quality Forum website (see attached).

Spreadsheet developed summarizing listed
segments (attached); spreadsheet will evolve
under Phase Il of the project. Five meetings
held to discuss issues and approaches to
TMDLs (see agendas and/or meeting minutes
attached). The majority of the work product
under this task is based on meeting minutes
where various approaches to the issues were
discussed and documented. These meetings
helped to lay the foundation for Phase Il of the
project.

Annotated Summary of 303(d) Listed
Streams to ldentify Common
Characteristics, General Issues and
Possible Common Approaches

Presentation at Water Quality Forum in
February 2008 (see attached), Water Quality
Forum Retreat July 2008 and Colorado
Association of Floodplain Managers Annual
Conference September 2008
(abstract/Powerpoint attached).

Presentation of Findings at 2 Meetings

Final Summary Prepared by Jane Clary, Wright Water Engineers, October 27, 2008
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Progress Report

Support for E. coli Work Group under Colorado Watershed Protection Fund Grant

WWE Invoice WWE Invoice WWE WWE Invoice
#33359; #33545 Invoice WWE Invoice #34170
- . CWPF | Feb 29, 2008 - March 14, 2008 - #33691 - #34022 - (work -
Task Description Work Product Milestone Funds (through Description (through Description (through Description (through May Description completed Description
January 31, February 29, March 31, 31, 2008) through June
2008) 2008) 2008) 30, 2008)
Interim Draft:

Annotated bibliography of existing [March 2008
1 E. CO|I> resources by topic with $3000 $  800.00) Began dgveloplng $ 550.00| N/A $  484.00 (_:o_nnnued developing draft $  1,000.00 Qopunued Development of

hyperlinks to web resources Final: draft bibliography. bibliography. bibliography

hi ilabl .

(where available) September 2008

TECTITTCaT TVTETTTOT e T, - -

Evaluation of the EPA Report on Interim Draft: . Developed summary O.f

e February 2008 Began review of EPA EPA report in Powerpoint,

the Experts Scientific Workshop report in preparation resented findings at

2 |on Critical Research Needs for the $3,500 $ 1,162.83[ P01 Prep s 2,31450[° 9 N/A
. . for February February work group

Development of New or Revised |Final: : N

Recreational Water Quality September 2008 presentation. meeting. Work product

Critaria _ \Ahat dl it moan + P posted on WQF website.

Interim Draft: Support for June 26, 2008
Annotated Summary of 303(d) February 2008 Helped develop matrix Met _wnh Becky An_thony, Water Support for May 8 2008 ) m_eenng with EPA. Megtlng
s - . Quality Control Division to stakeholder meeting regarding minutes document key issues

Listed Streams to dentify of questions for 303(c) discuss Colorado TMDLs and otential approaches to TMDLs related to TMDL development in

3 Common Characteristics, General $3,000] $  300.00|list of segments for N/A $  242.00) $ 515.75|P pp $ 484.00 velop
" . S how the Work Group could in Colorado. Included general Colorado. Support included
Issues and Possible Common Final: distribution to the Work . h . o . " LA N
Approaches September 2008 Group |ntergct r_nost meaningfully with coordination, meeting minutes geneFaI coordlpauor_l prior to
P . the Division and follow-up. meeting, meeting minutes and
follow-up.

Presentation of Findings at 2| Mar-08] . _ Presented synopsis at Marc

4 Meetings $500f 8 NAL- 8 NIA[ 8 121.00 Water Quality Forum meeting.
Jun-08]
Total $10,000] $ 2,262.83] $ 2,864.50 $_ 847.00) $ 1515.75 $ 484.00]

*Due to interrelated nature of tasks, work completed may apply to several tasks. Budget allocated to tasks is approximate.
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Progress Report
Support for E. coli Work Group under Colorado Watershed Protection Fund Grant

. WWE Invoice WWE Invoice
WWE Invoice #34537 #34811
#34351 Budget
(work (work (work Total uagef %
Task Description Work Product Description completed Description completed Description o Remaining in
completed Invoiced* Complete
through through Task
through July
31, 2008) August 31, September 30,
! 2008) 008)
Annotated bibliography of existing
E. coli resources by topic with .
1 hyperlinks to web resources $ 166.00 | Wrap-up Phase I biblography. 3,000.00 | $
(where available) 100%
TECTITTCaT TVTETTTOT e T,
Evaluation of the EPA Report on
the Experts Scientific Workshop
2 on Critical Research Needs for the] $ 22.67 Close out task budget. 3,500.00 | $ -
Development of New or Revised 100%
Recreational Water Quality ©
Critori A\/hot d it moan
Annotated Summary of 303(d) Support for August 21, 2008
Listed Streams to Identify meeting with EPA. Research
3 Common Characteristics, General| $  1,331.00 [related to provisions for natural | $ 127.25 | August 21, 2008 meeting. 3,000.00 | $ -
Issues and Possible Common sources of bacteria for TMDL 100%
Approaches development. ©
Develop presentation for Presentation at Colorado
Colorado Association of .
. Association of Stormwater and
Presentation of Findings at 2| Stormwater and Floodplain Floodplain Managers
4 ¥ $ 295.17 [Managers Conference. (Majority [ $ 83.83 b 500.00 | $ - 100%
Meetings N - Conference. (Majority of
of time/costs donated in -
time/costs donated.)
September.)
Total $ _1,331.00) $ 588.42] $ 106.50 10,000.00 | $ - 100%

*Due to interrelated nature of tasks, work com

Z:\Project Files\07\071-141\071-141.000\Engineering\
E coli Work Group Phase | Contract Closure.xls

Wright Water Engineers, Inc.
10/27/2008

Des. by: jke



Matching Funds to Date for E. coli Work Group

Attendees: December 6, 2007 Hours Rate Value

Terry Baus 2| $ 85| $ 170
Joan Carlson 2| $ 85| % 170
Jane Clary $ -
Mary Fabisiak 2| $ 85| % 170
Phil Hegeman 2| $ 851|% 170
Ginny Johnson 2% 85| % 170
Megan Monroe 2| $ 851|% 170
Jon Novick 2| $ 85| $ 170
Dick Parachine 2l'$ 851|% 170
Jill Piatt Kemper 2| $ 85| % 170
Jennifer Richards 2l'$ 851|% 170
Andrew Ross 2| $ 85| $ 170
Donna Scott 2l'$ 851|% 170
James McCarthy 2| $ 85| % 170
Subtotal 26 $ 2,210
Attendees: February 7, 2008 Hours Rate Value

Terry Baus 2| $ 85| $ 170
John Burke 2l $ 85| % 170
Megan Monroe 2| $ 85| $ 170
Dave Meyer 2| $ 85| % 170
Jane Clary $ -
Mary Fabisiak 2| $ 85| % 170
Becky Dunavant 2| $ 85| $ 170
Mary Gardner 2| $ 85|% 170
Becky anthony 2l$ 85| % 170
Phil Hegeman 2% 85| % 170
Alan Searcy 2l$ 85| % 170
Jill Piatt Kemper 2| $ 85| % 170
James McCarthy 2| $ 851|% 170
Joan Carlson 2l $ 85| % 170
Ken MacKenzie 2l'$ 851% 170
Jon Novick 2| $ 85| $ 170
Jennifer Richards 2l'$ 851% 170
Sharon Henderson Davis 2| $ 85| $ 170
Subtotal 34 $ 2,890

Z:\Project Files\07\071-141\071-141.000\Engineering\
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Matching Funds to Date for E. coli Work Group

Attendees: May 8, 2008

Becky Anthony 85| % 170
Terry Baus 2 859 170
Jane Clary $ -
Richard Meyerhoff 2l $ 85|9% 170
Nathan Moore 2| $ 85|$% 170
Jon Novik 2l $ 85| % 170
Joan Carlson 2| $ 85| % 170
Jill Piatt Kemper 2l $ 859 170
James McCarthy 2| $ 85|$% 170
Megan Monroe 2l $ 859 170
Donna Scott 2l $ 859 170
Subtotal 20 $ 1,700
Attendees: June 26, 2008

Becky Anthony 85| % 170
Terry Baus 2 859 170
Jane Clary $ -
Richard Meyerhoff 2[$ 859 170
Nathan Moore 2| $ 85|$% 170
Jon Novik 2l $ 85| % 170
Jill Piatt Kemper 2l $ 85| % 170
James McCarthy 2l $ 859 170
Megan Monroe 2l $ 85| % 170
Joni Nuttle 2l $ 85| % 170
Phil Hegeman 2l $ 85| % 170
Becky Dunavant 2l $ 859 170
Dan Scaife 2l $ 859 170
Mary Fabisiak 2l $ 85|9% 170
John Burke 2l $ 85|$% 170
Sandra Spence 2l $ 859 170
Dave Moon 2l $ 859 170
Todd Harris 2l $ 85| % 170
Jennifer Richards 2l $ 85|$% 170
Ginny Johnson 2l $ 859 170
Subtotal 38 $ 3,230
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Matching Funds to Date for E. coli Work Group

Attendees: August 21, 2008

Becky Anthony 2l $ 85| % 170
Bob Arastason 2 85| % 170
Terry Baus 2 85| % 170
Jane Clary 2 $ -
Mary Gardner 2| $ 85| % 170
Jill Piatt Kemper 2l $ 85| 9% 170
James McCarthy 2 $ 85| % 170
Phil Hegeman 2l $ 85| 9% 170
Becky Dunavant 2l $ 85| % 170
Mary Fabisiak 2[$ 859 170
Nancy Keller 2l $ 85| % 170
Donna Scott 2| $ 85| % 170
Ginny Johnson 2l $ 85| % 170
Amy Woodis 2l $ 85|$% 170
|Subtotal 28 $ 2,210
Other: CASFM Presentation (Value of donated portion of time, excluding travel/conference
costs)

Jane Clary | 8| $ 121 | $ 968
[Total | 154| B 13,208

*Matching funds reflected above do not include the additional costs of meeting attendance such as
gas, parking, value of conference room, etc. Additional matching time by Jim McCarthy related to
periodic reporting to the Water Quality Forum is also not included. Travel, lodging and conference
fees associated with presentations at Water Quality Forum Retreat and Colorado Association of
Stormwater and Floodplain Managers are not included in the matching funds.
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Bibliography of Bacteria References Related to Recreational Water Quality Criteria, Stormwater Management

the Colorado Stormwater Council and the E. coli Work Group of the Water Quality Forum

Acknowledgements:

Substantial portions of this bibliography are based on references compiled by others. The following sources are recognized as key

sources of information in this bibliography:

30% of the references were compiled by Robert Pitt, P.E., Ph.D., University of Alabama

and Total Maximum Daily Loads
Compiled by Wright Water Engineers for

30% of the references were compiled from Sturdevant Rees, P. L., S. C. Long, R. Baker, D. H. Bordeau, R. Pei, and P. K. Barten.

2006. Development of Event-Based Pathogen Monitoring Strategies for Watersheds. Denver, CO: AwwaRF.
20% of the references were compiled by the U.S. Environmental Protection Agency (USEPA) as part of the USEPA's

Pathogen TMDL Guidance (EPA 2001)

15% of the references were compiled by participants in the U.S. Environmental Protection Agency's Experts Scientific
Workshop on Critical Research Needs for the Development of New or Revised Recreational Water Quality Criteria

5% of the references were compiled by Others

It is noteworthy that references cited by the five groups of reference providers did not significantly overlap.

Purpose:

This bibliography was developed to provide a common base of references useful in developing approaches to E. Coli TMDLs in
Colorado. Key words have been assigned to the references to facilitate sorting and searching by topic. Key words include the

following:

Keyword Topic:
Agriculture

Criteria

Cryptosporidium
Enterococci

General

General Biology

Giardia

Illicit Discharge Detection/Elimination (IDDE)
Measurement

Methods (Analysis Methods)
Modeling

Natural sources
Pathogen Indicators
Source Identification
Source Water Protection
Standards

Stormwater

Treatment

Uncertainty

Use Attainability Analysis
Wildlife

Geographic Areas:

Australia

Canada

Coastal/Great Lakes/Beaches
Europe

New Zealand

u.s.

U.S. States {specific state names}
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Key Bacteria/TMDL Websites

Source

Description

Hyperlink

Center for TMDL and Watershed Studies, Virginia
Tech

TMDL Clearinghouse

http://www.tmdl.bse.vt.edu/site/knowledgebase/

International Stormwater BMP Database

Stormwater BMP Performance

http://www.bmpdatabase.org/BMPPerformance.htm

Robert Pitt, P.E., Ph.D., University of Alabama

Microorganisms in Urban Surface Waters (Module 7)

http://unix.eng.ua.edu/~rpitt/Class/ExperimentalDesignFieldSampling/

MainEDFES.html

USEPA Water Quality Criteria-Microbial Pathogens

EPA website with information on Microbial Risk Assessment
terms, Water Quality Standards and Implementation;
Regulatory support documents; Drinking water health
documents; and Proceedings

http://www.epa.gov/waterscience/criteria/lhumanhealth/microbial/

USEPA Expert Panel

Report of the Experts Scientific Workshop on Critical
Research Needs for the Development of New or Revised
Recreational Water Quality Criteria. EPA 823-R-07-006. June
2007.

http://www.epa.gov/waterscience/criteria/recreation/experts/index.html
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Bibliography of Bacteria References
(periodic updates anticipated; last updated August 8, 2008)

bathing beaches. Proceedings of the 17th Australian Water and Wastewater
Association Meeting, pp.104-111. Melbourne, Australia.

Chapter 2

Reference Year State Keywords Colorado Reference Reviewed/Cited By Original Document Reference Hyperlink
or Country Geographic (if reference taken from another source)
(if relevant) Location
(if applicable)
Adam, R. 1991. The biology of Giardia spp. Microbiol. Rev. 55(4): 706-732. 1991 General Microbiology EPA Pathogen TMDL Guidance
Adams, M.H. 1959. Bacteriophages. Interscience, New York. 1959 General Microbiology EPA Pathogen TMDL Guidance
Ahmed, F.E. (ed.) 1991. Seafood safety. Committee on Evaluation of the Safety of [ 1991 |Coastal/Great |TMDL EPA Pathogen TMDL Guidance
Fishery Products, Food and Nutrition Board, Institute of Medicine, National Lakes/Beaches
Academy Press, Washington, DC.
Denmark Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Akerlinch, G. “The quality of stormwater flow.” Nord. Hyg. Tidskr. (Denmark), 31,1. ntalDesignFieldSampling/MainEDFS.html
1950. 1950
1997 |[Alaska Standards EPA Pathogen TMDL Guidance
Alaska Clean Water Alliance v. Clark. 1997. No. C96- 1762R, Washington D.C.
1996 [New York Source Identification; Source EPA Pathogen TMDL Guidance
Alderisio, K.A., D. Wait, and M.D. Sobsey. 1996. Detection and characterization of Water Protection; Natural
male-specific RNA coliphages in a New York City reservoir to distinguish between Sources
human and non-human sources of contamination. In Watershed Restoration
Management: Physical, Chemical, and Biological Considerations, pp. 133-142. New
York City Water Supply Studies, American Water Resources Association, July.
Alexander, L.M., A. Heaven, A. Tennant, and R. Morris. “Symptomatology of Coastal/Great [Risk; Children Pitt http:/unix.eng.ua.edu/~rpitt/Class/Experime
children in contact with sea water contaminated with sewage.” Journal of Lakes/Beaches ntalDesignFieldSampling/MainEDFS.html
Epidemiology and Community Health. Vol. 46, pp. 340-344. 1992. 1992
General Biology Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Altman, P.L., and D.S. Dittmer, editors. Biology Data Book. 2nd ed., V.II. Fed. of ntalDesignFieldSampling/MainEDFS.html
Amer. Soc. for Exp. Biology. 1973. 1973
Ambrose, R.B., J.L. Martin, and J.F. Paul. 1992. Estuaries and Waste Load 1992 TMDL; Models EPA Pathogen TMDL Guidance
Allocation Models . Technical Guidance Manual for Performing Waste Load
Allocations, Book lI, Part 1. EPA 823-R-92-002. U.S. Environmental Protection
Agency, Office of Water, Washington, DC.
American Public Health Association (APHA), American Water Works Association 1995 Methods EPA Pathogen TMDL Guidance
(AWWA), Water Environment Federation (WEF). 1995. Standard Methods for the
Examination of Water and Wastewater , 19th Edition. Franson, A.H., A.D. Eaton,
L.S. Clesceri and A.E. Greenbrg (eds.).
American Public Health Association, Washington, DC. American Society of 1998 Agriculture; Cryptospordium EPA Pathogen TMDL Guidance
Agricultural Engineers (ASAE). 1998. ASAE Standards, 45th Edition. Standards,
Engineering Practices, Data. Anderson, B.C. 1986. Effect of drying on the infectivity
of Cryptosporidia-laden calf feces for 3 to 7 day old mice. Amer. J. Vet. Res .
47(10):2272-2273.
American Water Works Association Research Foundation and U.S. Environmental 2006 Monitoring; Stormwater; Source WWE
Protection Agency, 2006. Development of Event-based Pathogen Monitoring Water Protection; Natural
Strategies for Watersheds. Sources;
Risk; Fate and Transport; Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Andelman, J., H. Bauwer, R. Charbeneau, R. Christman, J. Crook, A. Fan, D. Fort, General Biology; ntalDesignFieldSampling/MainEDFS.html
W. Gardner, W. Jury, D. Miller, R. Pitt, G. Robeck, H. Vaux, Jr., J. Vecchioli, and
M. Yates. Ground Water Recharge Using Waters of Impaired Quality . Committee
on Ground Water Recharge. Water Science and Technology Board. National
Research Council. National Academy Press. Washington, D.C. 1994. 1994
Anderson, SA; Turner, SJ; Lewis, GD. 1997. Enterococci in the New Zealand 1997 |New Zealand Pathogen Indicators; Monitoring; EPA 2007 Experts Workshop http://www.epa.qgov/waterscience/criteria/rec
environment — Implications for water quality monitoring. Water Science and Enterococci Chapter 2 reation/experts/chapter02.pdf
Technology 35(11-12): 325-331.
1998 Drinking Water; Monitoring Awwarf
APHA, AWWA, WEF. 1998. Standard Methods for the Examination of Water and
Wastewater , 20th edition. Washington, DC: American Public Health Association.
Arango P.C., and S.C. Long. 1998. Alternative Bacterial Indicators of Sources of 1998 Drinking Water; Monitoring Awwarf
Microbial Inputs to Watersheds of Drinking Water Sources. In Proceedings of the
American Water Works Association Annual Conference and Exposition, Volume C,
June 21-15 (1998), Dallas, TX, pp. 679-687.
2000 Drinking Water; Monitoring Awwarf
Arango, C. 2000. Evaluation and Optimization of Detection Methods for R.
coprophilus and Sorbitol-Fermenting Bifidobacteria as Source-Specific Indicator
Organism for Drinking Water Sources. Doctoral dissertation, Department of Civil
and Environmental Engineering, University of Massachusetts, Amherst, MA.
Ashbolt, N.J., G.S. Grohmann, and C.S.W. Kueh. 1993. Significance of Specific 1993 [Australia Drinking Water; Monitoring Awwarf
Bacterial Pathogens in the Assessment of Polluted Receiving Waters of Sydney.
Water Science and Technology, 27 (3-4): 449-452.
Ashbolt, NJ; Bruno, M. 2003. Application and refinement of the WHO risk 2003 |Australia Modeling; Criteria; EPA 2007 Experts Workshop http://www.epa.qgov/waterscience/criteria/rec
framework for recreational waters in Sydney, Australia. Journal of Water and Chapter 6 reation/experts/chapter06.pdf
Health 1(3): 125-131.
Ashbolt, NJ; Reidy, C; Haas, CN. 1997. Microbial health risk at Sydney'’s coastal 1997 |Australia Pathogen Indicators; EPA 2007 Experts Workshop http://www.epa.qgov/waterscience/criteria/rec

reation/experts/chapter02.pdf
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Bibliography of Bacteria References
(periodic updates anticipated; last updated August 8, 2008)

Reference Year State Keywords Colorado Reference Reviewed/Cited By Original Document Reference Hyperlink
or Country Geographic (if reference taken from another source)
(if relevant) Location
(if applicable)
Ashbolt, NJ; Roser, D. 2003. Interpretation and management implications of event | 2003 Pathogen Indicators; EPA 2007 Experts Workshop | http://www.epa.gov/waterscience/criteria/rec
and baseflow pathogen data. In: Pfeffer, MJ; Abs, DJV; Brooks, KN (eds.). Chapter 2 reation/experts/chapter02.pdf
Proceedings of the American Water Resources Association, New York, NY.
Ashendorff, A, Principe, M.A., Seeley, A., LaDuca, J., Beckhardt, L., Faber Jr., 1997 |New York Drinking Water; Monitoring Awwarf
Walter, Mantus, J. 1997. Watershed protection for New York City’s supply. Journal
of AWWA, 89 (3):75-88.
Atherholt, T.B., M.W. Lechevallier, and J.S. Rosen. 1998. Effect of Rainfall on 1998 Drinking Water; Monitoring Awwarf
Giardia and Crypto . Journal of AWWA, 90 (9): 66-80.
Atherton F., C.P. Newman, and D.P. Casemore DP. 1995. An Outbreak of 1995 |U.K. Drinking Water; Monitoring Awwarf
Waterborne Cryptosporidiosis Associated with a Public Water Supply in the UK.
Epidemiology and Infection, 115 (1):123-31.
Auer, M.T. and S.L. Niehaus. 1992. Modeling fecal coliform bacteria—I. Field and 1992 TMDL EPA Pathogen TMDL Guidance
laboratory determination of loss kinetics. Water Resources 27(4): 693-701.
1993 Drinking Water; Monitoring Awwarf
Auer, M.T., and S.L. Niehaus. 1993. Modeling Fecal Coliform Bacteria I. Field and
Laboratory Determination of Loss Kinetics. Water Research, 27 (4): 693-701.
Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
AVCO Economic Systems Corp. Storm Water Pollution From Urban Land Activity. ntalDesignFieldSampling/MainEDFS.html
USEPA Report No. 11034FKL07/70. NTIS No. PB 195 281. July 1970. 1970
AWWA. 1999a. Waterborne Pathogens, AWWA Manual M48 . Denver, CO: 1999 Drinking Water; Monitoring Awwarf
American Water Works Association.
AWWA. 1999b. Water Quality and Treatment, 5th Edition. Denver, CO: American 1999 Drinking Water; Monitoring Awwarf
Water Works Association, Denver.
Badenoch, J. C., L.R. Bartlett, C. Benton, D.P. Casemore, R. Cawthorne, F. 1990 TMDL EPA Pathogen TMDL Guidance
Earnshaw, K.J. Ives, J. Jeffery, H.V. Smith, M.S.B. Vaile, D.A. Warrell, and A.E.
'Wright. 1990. Cryptosporidium in water supplies. Report of the Group Experts.
Copyright Controller of the HMSO, London, UK.
Badenoch, J.. 1990. Cryptosporidium — A Water-borne hazard. Letters in Applied 1990 Drinking Water; Monitoring Awwarf
Microbiology, 11(6):269-270.
Bales, R.C, S.M. Li, K.M. Maguire, M.T. Yahya, C.P. Gerba, and R.W. Harvey. 1995 [Massachusetts [Drinking Water; Monitoring Awwarf
1995. Virus and Bacteria Transport in a Sandy Aquifer, Cape Cod, MA.
Groundwater, 33: 653-661.
Bannerman, R., K. Baun, M. Bohn, P.E. Hughes, and D.A. Graczyk. Evaluation of \Wisconsin Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Urban Nonpoint Source Pollution Management in Milwaukee County, Wisconsin, ntalDesignFieldSampling/MainEDFS.html
Vol. I. Grant No. P005432-01-5, PB 84-114164. US Environmental Protection
Agency, Water Planning Division, November 1983. 1983
Bannerman, R.T., D.W. Owens, R.B. Dodds, and N.J. Hornewer. 1993. Sources of 1993 |Wisconsin Drinking Water; Monitoring Awwarf
Pollutants in Wisconsin Stormwater. Water Science and Technology, 28 (3-5): 241-
Barbe, D.E., J.C. Francis, and M. Gunta. 1998. Seasonal Microbial Levels in 1998 Drinking Water; Monitoring Awwarf
Adjacent Watersheds. In Proceedings of Water Resources Engineering August 3-7:
1625-1630.
Barnes, B; Gordon, DM. 2004. Coliform dynamics and the implications for source 2004 |U.S. Pathogen Indicators EPA 2007 Experts Workshop  [http://www.epa.qgov/waterscience/criteria/rec
tracking. Environmental Microbiology 6(5): 501-519. Chapter 2 reation/experts/chapter02.pdf
Barten, P.K., T. Kyker-Snowman, P.J. Lyons, T. Mahlstedt, R. O'Connor, and B.A. 1998 Drinking Water; Monitoring Awwarf
Spencer. 1998. Managing a Watershed Protection Forest. Journal of Forestry,
96(8):10-15.
Bartley, C. H., and L. W. Slanetz. “Types and sanitary significance of fecal Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
streptococci isolated from feces, sewage, and water.” Am. J. Pub. Health 50:1545- ntalDesignFieldSampling/MainEDFS.html
1552. Oct. 1960. 1960
2000 Drinking Water; Monitoring Awwarf
Baudart, B., J. Grabulos, J.P. Barusseau, and P. Lebaron. 2000. Salmonella spp .
and Fecal Coliform Loads in Coastal Waters from a Point vs. Nonpoint Source of
Pollution. Journal of Environmental Quality, 29 (January-February): 241-250.
Baudisova, D. 1997. Evaluation of Escherichia coli as the Main Indicator of Fecal 1997 Drinking Water; Monitoring EPA Pathogen TMDL Guidance
Pollution. Water Science and Technology, 35 (11-12): 333-336.
Baxter-Potter, W.R., and M.W. Gilliland. 1988. Bacterial pollution in runoff from 1988 TMDL EPA Pathogen TMDL Guidance
|agricultural lands. Journal of Environmental Quality 17(1):27-34.
Beerens, H. 1991. Detection of Bifidobacteria by Using Propionic Acid as a 1991 Drinking Water; Monitoring Awwarf
Selective Agent. Applied and Environmental Mictobiology, 57: 2418-2419.
Bellow, Barbara, 2003. Managed Grazing in Riparian Areas. National Center for 2003 |U.S. Agriculture WWE
Appropriate Technology, Appropriate Technology Transfer to Rural Areas (ATTRA)
Livestock Systems Guide.
Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Berg, G., editor. Transmission of Viruses by the Water Route. Interscience ntalDesignFieldSampling/MainEDFS.html
Publishers, NY. 1965. 1965
Berg, R. W., and A. W. Anderson. “Salmonellae and Edwardsiella tarda in gull Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
feces: a source of contamination in fish procession plants.” Applied Microbiology. ntalDesignFieldSampling/MainEDFS.html
24, 3:501-503. Sept. 1972. 1972
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Bergstrom, J. Rockaway River Water Quality Study: Evaluating and Implementing 2008 TMDL; Urban Watershed AEES
TMDLs in an Urban Watershed.Presented at 8th Annual American Ecological
Engineering Society Meeting: Biological Systems Engineering. Blacksburg, Virginia.
Berka, C., H. Schreier, and K. Hall. 2001. Linking Water Quality With Agricultural 2001 Drinking Water; Monitoring Awwarf
Intensification in a Rural Watershed. Water, Air, and Soil Pollution, 127 (May): 389-
401.
Bermudez, M. and T. C. Hazen, 1988. Phenotypic and Genotypic Comparison of Stormwater Pitt http:/unix.eng.ua.edu/~rpitt/Class/Experime
Escherichia coli from Pristine Tropical Waters. Applied and Environmental ntalDesignFieldSampling/MainEDFS.html
Microbiology 54:979-983. 1988
Best Management Practices for Grazing, Brochure taken from “Grazing Best 1997 [Wyoming Grazing WWE
Management Practices, Wyoming Nonpoint Source Management Plan, Final,
March 1997
Betancourt, WQ; Fujioka, RS. 2006. Bacteroides spp. as reliable marker of 2006 |Hawaii Pathogen Indicators EPA 2007 Experts Workshop  |http://www.epa.gov/waterscience/criteria/rec
sewage contamination in Hawaii's environmental waters using molecular Chapter 2 reation/experts/chapter02.pdf
techniques. Water Science and Technology 54(3): 101-117.
Tennessee Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Betson, R. Urban Hydrology: A Systems Study in Knoxville, Tennessee. TVA. June ntalDesignFieldSampling/MainEDFS.html
1976. 1976
Bingham, A.K., E.L. Jarroll, Jr., and E.A. Meyer. 1979. Giardia sp.: Physical factor 1979 TMDL EPA Pathogen TMDL Guidance
of excystation in vitro, and excystaton vs eosin exclusion as determinants of
viability. Exp. Parasitol . 47:284-291.
Bingham, D.R., F.X. Dougherty and S.L. MacFarlane. 1996. Successful restoration 1996 TMDL EPA Pathogen TMDL Guidance
of shellfish habitat by control of watershed pollution sources. Watershed.
Conference Proceedings.
1979 Drinking Water; Monitoring Awwarf
Bisson, J.W., and V. J. Cabelli. 1979. Membrane Filter Enumeration Method For
Clostridium Perfringens . Applied and Envrionmental Mcrobiology, 37(1), p. 55-66.
1980 Drinking Water; Monitoring Awwarf
Bisson, J.W., and V.J. Cabelli. 1980. Clostridium perfrigens as a Water Pollution
Indicator. Journal of the Water Pollution Control Federation, 52 (2): 241-248.
Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
ntalDesignFieldSampling/MainEDFS.html
Bitton, G., 1994. Microbiology. John Wiley and Sons, Inc., New York. 1994
Bitton, G., B. Koopman, and K. Jung. 1995. An assay for the enumeration of total 1995 TMDL EPA Pathogen TMDL Guidance
coliforms and Escherichia coli in water and wastewater. Water Environ. Res.
67(6):906-909).
Black, Crow & Edisness, Inc., and Jordan, Jones & Goulding, Inc. Non-Point Georgia Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Pollution Evaluation Atlanta Urban Area. USEPA Contract No. DACW 21-74-C- ntalDesignFieldSampling/MainEDFS.html
0107. May 1975. 76 1975
Blanch, AR; Belanche-Munoz, L; Bonjoch, X; Ebdon, J; Gantzer, C; Lucena, F; 2006 Pathogen Indicators; Methods EPA 2007 Experts Workshop http://www.epa.qgov/waterscience/criteria/rec
Ottoson, J; Kourtis, C; Iversen, A; Kuhn, I; Moce, L; Muniesa, M; Schwartzbrod, J; Chapters 2 and 3 reation/experts/chapter02.pdf
Skraber, S; Papageorgiou, GT; Taylor, H; Wallis, J; Jofre, J. 2006. Integrated
analysis of established and novel microbial and chemical methods for microbial
source tracking. Applied and Environmental Microbiology 72(9): 5915-5926.
Blankenship, K. 1996. Masked bandit uncovered in water quality theft. Bay Journal 1996 TMDL EPA Pathogen TMDL Guidance
6(6):1.
Blatchley, ER, Ill; Gong, WL; Alleman, JE; Rose, JB; Huffman, DE; Otaki, M; Lisle, 2007 Pathogen Indicators; EPA 2007 Experts Workshop http://www.epa.qgov/waterscience/criteria/rec
JT. 2007. Effects of wastewater disinfection on waterborne bacteria and viruses. Chapter 2 reation/experts/chapter02.pdf
Water Environment Research 79(1): 81-92.
Boehm, AB; Grant, SB; Kim, JH; Mowbray, SL; McGee, CD; Clark, CD; Foley, DM; 2002 |California Modeling; Criteria; EPA 2007 Experts Workshop http://www.epa.qgov/waterscience/criteria/rec
‘Wellman, DE. 2002. Decadal and shorter period variability of surf zone water Chapter 6 reation/experts/chapter06.pdf
quality at Huntington Beach, California. Environmental Science and Technology
36: 3885-3892.
Boehm, AB; Whitman, RL; Nevers, MB; Hou, D; Weisberg, SB. 2007. Now- 2007 Modeling; Criteria; Recreation; EPA 2007 Experts Workshop http://www.epa.qgov/waterscience/criteria/rec
Casting Recreational Water Quality. In: Wymer, L; Dufour, A. (eds.) Statistical Chapter 6 reation/experts/chapter06.pdf
Framework for Water Quality Criteria and Monitoring. In press.
Bolstad, P.V., and W.T. Swank. 1997. Cumulative Impacts of Land Use on Water 1997 [Southeast U.S. |Drinking Water; Monitoring Awwarf
Quality in a Southern Appalachian Watershed. Journal of the American Water
Resources Association, 33 (3): 519-533.
Borchardt, D. and F. Sperling. “Urban stormwater discharges: Ecological effects on Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
receiving waters and consequences for technical measures.” 7th International ntalDesignFieldSampling/MainEDFS.html
Conference on Urban Storm Drainage . Hannover, Germany. Sept. 9-13, 1996.
Edited by F. Sieker and H-R. Verworn. IAHR/IAWQ. SuG-Verlagsgesellschaft.
Hannover, Germany. pp. 359-364. 1996. 1996

C:\Documents and Settings\cas\My Documents\Colorado Healthy Rivers Fund\2008\Colorado Storm Water Council\

c Task 1 Bacteria Bibliography 2008.xls

Wright Water Engineers, Inc.

2/24/2009 Page 5

Prepared by Jane Clary
For the Colorado E. coli Work Group


http://www.epa.gov/waterscience/criteria/recreation/experts/chapter02.pdf�
http://www.epa.gov/waterscience/criteria/recreation/experts/chapter02.pdf�
http://www.epa.gov/waterscience/criteria/recreation/experts/chapter02.pdf�
http://www.epa.gov/waterscience/criteria/recreation/experts/chapter06.pdf�
http://www.epa.gov/waterscience/criteria/recreation/experts/chapter06.pdf�

Bibliography of Bacteria References
(periodic updates anticipated; last updated August 8, 2008)

Reference Year State Keywords Colorado Reference Reviewed/Cited By Original Document Reference Hyperlink
or Country Geographic (if reference taken from another source)
(if relevant) Location
(if applicable)
Bossong, C., Stevens, M., Doerfer, J. and B. Glass. 2005 Summary and Evaluation| 2005 |Colorado Stormwater; South Platte South Platte WWE http://pubs.usgs.gov/sir/2005/5150/
of the Quality of Stormwater in Denver, Colorado, Water Years 1998-2001 (U.S.
Geological Survey Scientific Investigations Report 2005-5150.
Bourdeau, D.H. 2004. Effect of Beaver (Castor canadensis ) on Stream Water 2004 Drinking Water; Monitoring Awwarf
Quality: a Paired Watershed Study. Masters Thesis, Department of Civil and
Environmental Engineering, University of Massachusetts, Amherst, MA.
1985 TMDL EPA Pathogen TMDL Guidance
Bowie, G.L., W.B. Mills, D.B. Porcella, C.L. Campbell, J.R. Pagenkopf, G.L. Rupp,
K.M. Johnson, P.W.H. Chan, and S.A. Gherini. 1985. Rates, Constants, and
Kinetics Formulations in Surface Water Quality Modeling . 2nd Edition. EPA/600/3-
85/040. Environmental Research Laboratory, Athens, GA. References
Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
ntalDesignFieldSampling/MainEDFS.html
Brazil Ministerio del Interior. Aguas de Balneabilidade, Portoria No. 536. 1976. 1976
Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Brierley, J.A., D.K. Brandvold, and C.J. Popp. “Waterfowl refuge effect on water ntalDesignFieldSampling/MainEDFS.html
quality: |. Bacterial populations.” Journal WPCF, 47,7:1892:1900. July 1975. 1975
Brock, T.D., M.T. Madigan, J.M. Martinko and J. Parker. 1994. Biology of 1994 Drinking Water; Monitoring Awwarf
Microorganisms . 7th Edition. Englewood Cliffs, NJ: Prentice Hall.
Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Bryan, E.H. “Quality of stormwater drainage from urban land.” Water Resources ntalDesignFieldSampling/MainEDFS.html
Bulletin. 8, 6:578 .June 1972. 1972
Bryan, J.J., 1999. “Sources of faecal bacteria and viruses in surface water and their Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
impact on recreational water quality”. In Morris,R. et al., (Eds): Health Related ntalDesignFieldSampling/MainEDFS.html
Water Microbiology, Proc. 1st IAWPRC Symposium, University of Strathclyde. 97-
3 1999
Bryant, E.A., G.P. Fulton, G.C. Budd. 1992. Disinfection Alternatives for Safe 1992 TMDL EPA Pathogen TMDL Guidance
Drinking Water. Van Nostrand Reinhold, New York.
1983 Drinking Water; Monitoring Awwarf
Burby, R.J., E.J. Kaiser, T.L. Miller, D.H. Moreau. 1983. Drinking Water Supplies,
Protection through Watershed Management. Ann Arbor, MI: Ann Arbor Science.
Burchell, M. and Hunt, W.. 2008. Reducing Stormwater Bacteria Loads to North 2008 Stormwater Bacteria World Environment & Water
Carolina Ocena Recreational Areas Using a Dune Infiltration System. Presented at Resources Congress
2008 World Environmental & Water Resources Congress. Honolulu, HI.
Burm, R.J. and R.D. Vaughan. “Bacteriological comparison between combined and Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
separate sewer discharges in southeastern Michigan.” Journal WPCF, 38, 3:400- ntalDesignFieldSampling/MainEDFS.html
409. March 1966. 1966
Burton, G.A., D. Gunnison, and G.R. Lanza. 1987. Survival of pathogenic bacteria 1987 TMDL EPA Pathogen TMDL Guidance
in various freshwater sediments. Applied and Environmental Microbiology .
53(4):633-638.
Byappanahalli, MN; Fujioka,RS. 1998. Evidence that tropical soil environment can| 1998 |Coastal/Great [Pathogen Indicators; EPA 2007 Experts Workshop  [http://www.epa.qgov/waterscience/criteria/rec
support the growth of Escherichia coli. Water Science and Technology 38(12): 171-| Lakes/Beaches Chapter 2 reation/experts/chapter02.pdf
174.
Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Cabelli, V.J., A.P. Dufour, M.A. Levin, L.J. McCabe, and P.W. Haberman. ntalDesignFieldSampling/MainEDFS.html
“Relationship of microbial indicators to health effects at marine bathing beaches.”
American Journal of Public Health. Vol. 69, no. 7, pp. 690-696. July 1979. 1979
Cabelli, V.J., H. Kennedy, and M.A. Levin. “Pseudomonas aeruginosa -fecal Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
coliform relationships in estuarine and fresh recreational waters.” Journal WPCF ntalDesignFieldSampling/MainEDFS.html
48, 2:367-376. Feb. 1976. 1976
Cabelli, VJ; Dufour, AP; McCabe, LJ; Levin, MA. 1982. Swimming-associated 1982 Pathogen Indicators; EPA 2007 Experts Workshop http://www.epa.qgov/waterscience/criteria/rec
gastroenteritis and water quality. American Journal of Epidemiology 115: 606-616. Chapter 2 reation/experts/chapter02.pdf
Calamita, F. 2000. “Stormwater Controls and the TMDL Program,” in Stormwater 2000 Stormwater; WWE
Magazine . Forester Communications.
undated |California Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
California State Water Resources Control Board. Water Quality Control Plan for ntalDesignFieldSampling/MainEDFS.html
Ocean Waters of California. Undated.
Camp Dresser McKee. 2002. Merrimack River Watershed Assessment Study . 2002 |New England Drinking Water; Monitoring Awwarf
Prepared for the New England District U.S. Army Corps of Engineers.
Cardozo, R.J., W.R. Adams, and E.L. Thackston. “CSO'’s real impact on water Tennessee Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
quality: the Nashville experience.” A Global Perspective for Reducing CSOs: ntalDesignFieldSampling/MainEDFS.html
Balancing Technologies, Costs, and Water Quality. July 10-13, 1994. Louisville,
KY. Water Environment Federation. Alexandria, VA. 1994. 1994
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Sediment Fecal Coliform Reservoirs on Seasonal Water Quality in Oak Creek,
Arizona. Water Resources, 33 (9):2163-2171.

Awwarf
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Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Caribbean Environmental Programme (CEPPOL) and United Nations Environment ntalDesignFieldSampling/MainEDFS.html
Programme (UNEP). Report on the CEPPOL Seminar on Monitoring and Control of
Sanitary Quality of Bathing and Shellfish-Growing Marine Waters in the Wider
Caribbean . Kingston, Jamaica, 8-12 April 1991. Technical Report No. 9. 1991. 1991
Carter, R.W. and J. Davidian. 1968. General Procedures for Gaging Streams: U.S. 1968 Drinking Water; Monitoring Awwarf
Geological Survey Techniques Water Resources Inv., Book 3. Washington, D.C.:
United States Geological Survey.
Pathogenic Bacteria; Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Casserly, D.M. and E.M. Davis. “Indicator and pathogenic bacteria relationship in ntalDesignFieldSampling/MainEDFS.html
stormwater runoff.” Texas J. Sci. 31, 3:285-292. Sept. 1979. 1979
Center for Watershed Protection and R. Pitt. lllicit Discharge Detection and Discharge Detection Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Elimination; A Guidance Manual for Program Development and Technical ntalDesignFieldSampling/MainEDFS.html
Assessments . U.S. Environmental Protection Agency, Office of Water and
Wastewater. EPA Cooperative Agreement X-82907801-0. Washington, D.C., 357
pgs. Oct. 2004. 2004
Chadderton, R.A., A.C. Miller, and A.J. McDonnell. 1981. Analysis of waste load 1981 TMDL EPA Pathogen TMDL Guidance
allocation procedures. Water Resources Bulletin 17(5):760-766.
Chapra, S.C. 1997. Surface Water Quality Monitoring, 1st ed. New York, New York: | 1997 Drinking Water; Monitoring
McGraw Hill. EPA Pathogen TMDL Guidance, Awwarf
Characklis, GW; Dilts, MJ, IlI; Likirdopulos, CA; Krometis, L-AH; Sobsey, MD. 2005 Pathogen Indicators EPA 2007 Experts Workshop  |http://www.epa.gov/waterscience/criteria/rec
2005. Microbial partitioning to settleable particles in stormwater. Water Research Chapter 2 reation/experts/chapter02.pdf
139(9): 1773-1782.
Cheung, W.H.S., K.C.K. Chang, R.P.S. Hung, and J.W.L. Kleevens. “Health effects Hong Kong Stormwater Pitt http:/unix.eng.ua.edu/~rpitt/Class/Experime
of beach water pollution in Hong Kong.” Epidemiol. Infect. Vol. 105, pp. 139-162. ntalDesignFieldSampling/MainEDFS.html
1990. 1990
Chorus, I; Bartram, J (eds). 1999. Toxic Cyanobacteria in Water: A Guide to their 1999 Acceptable Risk EPA 2007 Experts Workshop | http://www.epa.gov/waterscience/criteria/rec |www.who.int/water_sanitation_health/resourcesq
Public Health Consequences, Monitoring and Management. London: E & FN Spon Chapter 5 reation/experts/chapter05.pdf uality/toxcyanobacteria.pdf
and Geneva, Switzerland: World Health Organization (WHO).
Chung, H; Sobsey, MD. 1993. Comparative survival of indicator viruses and 1993 Pathogen Indicators EPA 2007 Experts Workshop  |http://www.epa.gov/waterscience/criteria/rec
enteric viruses in seawater and sediments. Water Science and Technology 27(3-4): Chapter 2 reation/experts/chapter02.pdf
425-428.
Clark, M. and J. Norris, 2000. Occurrence of Fecal Coliform Bacteria in Selected 2000 |Wyoming Stream; Natural Sources; WWE http://pubs.usgs.gov/wri/wri004198/
Streams In Wyoming, 1990-99. Water Resources Investigation Report 00-4198.
Prepared for USGS and Wyoming Dept of Env. Quality
2008 |U.S. BMP; stormwater WWE http://www.gradingandexcavating.com/sw_0
Clary, J., J.Jones, B. Urbonas, M. Quigley, E. Strecker and T. Wagner. 2008. “Can 805_can.html
Stormwater BMPs Remove Bacteria? New Findings from the International
Stormwater BMP Database.” Stormwater. May, 2008. Vol. 9, No. 3.
Colford, JM, Jr.; Wade, TJ; Schiff, KC; Wright, CC; Griffith, JF; Sandhu, SK; Burns,[ 2007 [Coastal/Great |Pathogen Indicators EPA 2007 Experts Workshop http://www.epa.qgov/waterscience/criteria/rec
S; Sobsey, M; Lovelace, G; Weisberg, SB. 2007. Water quality indicators and the Lakes/Beaches Chapter 2 reation/experts/chapter02.pdf
risk of iliness at beaches with nonpoint sources of fecal contamination.
Epidemiology 18(1): 27-35.
Collins, C.H., P.M. Lyne, and J.M. Grange. 1995. Collins and Lyne’s Microbiological | 1995 Drinking Water; Monitoring Awwarf
Methods, 7th Edition. London: Butterworth and Heinemann.
Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Colombia Ministerio de Salud. Disposiciones Sanitarias sobre Aguas. Articulo 69 ntalDesignFieldSampling/MainEDFS.html
Ley 05. 1979. 1979
Colorado Department of Public Health and Environment (CDPHE), 2000. State of 2000 |Colorado Source Water Protection WWE
Colorado Source Water Assessment and Protection Plan (SWAP).
Colorado Water Quality Control Division, 2006. September 2006 Draft E. coli 2007 |Colorado 'TMDL; South Platte South Platte WWE
TMDL for the Segment 14 of the South Platte River. **now finalized**
Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Colston,N.V., Jr. Characterization and Treatment of Urban Land Runoff. USEPA ntalDesignFieldSampling/MainEDFS.html
Report No. EPA-670/2-74-040. NTIS No. PB 240 687. Dec. 1974. 1974
Colt, J., K. Tanji, and G. Tchobanoglous. Impact of Dog, Cat, and Pigeon Wastes California Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
on the Nitrogen Budget of San Francisco Storm Runoff. Dept. of Water Science ntalDesignFieldSampling/MainEDFS.html
and Engineering, U. of Calif., Davis. Aug. 1977. 1977
Conroy, R.M., M. ElImore-Meegan, T. Joyce, K.G. McGuigan, and J. Barnes. 1996. 1996 [Africa Drinking Water; Monitoring Awwarf
Solar Disinfection of Drinking Water and Diarrhea in Maasai Children: A controlled
field trial. The Lancet, 348 (21/28): 1695-1697.
Corbett, S.J., G.L. Rubin, G.K. Curry, D.G. Kleinbaum, and the Sydney Beach Australia Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Users Study Advisory Group. “The health effects of swimming at Sydney beaches.” ntalDesignFieldSampling/MainEDFS.html
American Journal of Public Health . Vol. 83, no. 12, pp. 1701 — 1706. December
1993. 1993
Cox, D.C. and P.C. Baybutt. 1981. Methods for uncertainty analysis: A comparitive 1997 TMDL EPA Pathogen TMDL Guidance
survey. Risk Analysis 1(4): 251-258.
Crabill, C., Donald, R., Snelling, J., Faust, and Soltham, G. 1999. The Impact of 1999 |Arizona Drinking Water; Monitoring EPA Pathogen TMDL Guidance;
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loadings of Cryptosporidium spp . and Campylobacter spp. from livestock in the
Grand River Watershed, Ontario, Canada. Environmental Science and Technology ,
38(12): 3370- 3380.
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Craun, G.F., Hubbs, S.A., Frost, F., Calderon, R.L., and Via, S.H. 1998. 1998 Drinking Water; Monitoring Awwarf
Waterborne Outbreaks Of Cryptosporidiosis. Journal of the American Water Works
Association, 90 (9):81-91.
Craun, G.F., P.S. Berger, and R.L. Calderon. 1997. Coliform bacteria and 1997 TMDL EPA Pathogen TMDL Guidance;
waterborne disease outbreaks. Journal of the American Water Works Association Pitt
89(3):96-104.
Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Craun, G.F., R.L. Calderon, and F.J. Frost. “An introduction to epidemiology.” ntalDesignFieldSampling/MainEDFS.html
Journal of the AWWA . Vol. 88, no. 9. pp. 54-65. September 1996. 1996
CREM (Council for Regulatory Environmental Modeling). 2003. Draft Guidance on| 2003 |U.S. Modeling; Criteria; EPA 2007 Experts Workshop | http://www.epa.gov/waterscience/criteria/rec
the Development, Evaluation, and Application of Regulatory Environment Models. Chapter 6 reation/experts/chapter06.pdf
Washington, DC: USEPA.
Crockett, C.S. and C.N. Haas. “Understanding protozoa in your watershed.” Journal Stormwater Pitt http:/unix.eng.ua.edu/~rpitt/Class/Experime
of the American Water Works Association . Vol. 89, No. 9, pp. 62 — 73. September ntalDesignFieldSampling/MainEDFS.html
1997. 1997
Cuba Ministerio de Salud. Higiene Comunal, Lugares de Bafio en Costas y en Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Masas de Aguas Interiores, Requisitos Higiénicos Sanitarios, pp. 93-97. La Habana, ntalDesignFieldSampling/MainEDFS.html
Cuba. 1986. 1996
1992 Drinking Water; Monitoring Awwarf
Curtis, T.P., D.D. Mara, and S.A. Silva. 1992. Influence of pH, Oxygen and Humic
Substance on Ability of Sunlight to Damage Fecal coliforms in Waste Stabilization
Pond Water. Applied and Environmental Microbiology, 58 (4): 1335-1343.
Davies, CM; Long, JAH; Donald, M; Ashbolt, NJ. 1995. Survival of fecal 1995 Pathogen Indicators; Awwarf EPA 2007 Experts Workshop | http://www.epa.gov/waterscience/criteria/rec
microorganisms in marine and freshwater sediments. Applied and Environmental Chapter 2 reation/experts/chapter02.pdf
Microbiology 61(5): 1888-1896.
Davies-Colley, R.J., R.G. Bell and A.M. Donnison. 1994. Sunlight inactivation of 1994 TMDL EPA Pathogen TMDL Guidance
enterococci and fecal coliforms in sewage effluent diluted in seawater. Applied and
Environmental Microbiology 60(6):2049- 2058.
Davis, A., Zhang, L. and Seagren, A.M.. Column Studies on the Capture and 2008 Stormwater; Coliform World Environment & Water
Destruction of E.coli from Simulated Urban Stormwater Runoff Using Conventional Resources Congress
Bioretention Media and Iron Oxide-Coated Sand. Presented at 2008 World
Environmental & Water Resources Congress. Honolulu, HI.
Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Davis, E. H. Maximum Utilization of Water Resources in a Planned Community. ntalDesignFieldSampling/MainEDFS.html
Bacterial Characteristics of Stormwaters in Developing Rural Areas. USEPA Rept.
No. EPA/600/2-79-050F. NTIS No. PB 80-129091. 1979. 77 1979
Debo, T. and A. Reese. 2002. Municipal Stormwater Management. 2nd Edition. 2002 |U.S. Stormwater; WWE
Boca Raton.
Degnon, AJ. 2007. Examination of indigenous microbiota and survival of E. coli 2007 Pathogen Indicators; EPA 2007 Experts Workshop  [http://www.epa.gov/waterscience/criteria/rec
0157:H7 and Salmonella in a paper milling environment. Journal of Applied Chapter 2 reation/experts/chapter02.pdf
Microbiology: In press.
DeNileaon, G.P. 1998. Water Supply Indicated in E. coli Outbreak. Main Stream, 1998 Drinking Water; Monitoring Awwarf
42 (8): 1.
DHS (Department of Health Services). Guidance for Freshwater Recreational Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Areas: Assessing Microbiological Contamination and taking Corrective Action ntalDesignFieldSampling/MainEDFS.html
(Draft) . State of California Health and Welfare Agency. Sacramento, CA.
November 1997a. 1997
DHS (Department of Health Services). Guidance for Saltwater Recreational Areas Coastal/Great |Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
(Oceans, Bays, Estuaries, and the Salton Sea): Assessing Microbiological Lakes/Beaches ntalDesignFieldSampling/MainEDFS.html
Contamination and taking Corrective Action (Draft) . State of California Health and
Welfare Agency. Sacramento, CA. November 1997b. 1997
DiGiovanni, G.D. 2003. Update on LT2ESWTR Cryptosporidium Monitoring and 2003 Drinking Water; Monitoring Awwarf
Genetic Characterization. Presented at the Early Warning and Source Monitoring
'Workshop, 2003 Source Water Protection Symposium, Albuquerque, NM, January
19, 2003.
Donigian, A.S. Jr. and W.C. Huber. 1991. Modeling of nonpoint source water quality | 1991 TMDL EPA Pathogen TMDL Guidance
in urban and non-urban areas . EPA/600/3-91/039. U.S. Environmental Protection
Agency, Athens, GA.
Donnelly J.K., and E. I. Stentiford. 1997. The Cryptosporidium Problem in Water 1997 Drinking Water; Monitoring Awwarf
and Food Supplies. Food Science and Technology - Lebensmittel-Wissenschaft &
Technologie, 30 (2): 111-120.
Doran, J.W., and D.M. Linn. 1979. Bacteriological Quality of Runoff Water from 1979 Drinking Water; Monitoring Awwarf
Pasture Land. Applied and Environmental Microbiology, 37 (5): 985-991.
Doran, J.W., J.S. Schepers, and N.P. Swanson. 1981. Chemical and bacteriological | 1981 TMDL EPA Pathogen TMDL Guidance,
quality of pasture runoff. Journal of Soil and Water Conservation May-June:166- Awwarf
171.
Dorner, S.M., P.M. Huck, R.M. Slawson. 2004. Estimating potential environmental 2004 |Canada Drinking Water; Monitoring Awwarf
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Stormwater; Wildlife Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Drake, C.H., F.W. Woods, and R.A. Hammerstrom. “Incidence of coliform bacteria ntalDesignFieldSampling/MainEDFS.html
in the feces of common wild animals.” Sanitarian . 23:248-254. 1961. 1961
Droste and Gupgupoglu. Indicator Bacteria Dieoff in the Rideau River. Rideau River Canada Stormwater; Indicators Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Stormwater Management Study, Ottawa, and the Ontario Ministry of the ntalDesignFieldSampling/MainEDFS.html
Environment, Kingston, Ontario. Feb. 1982. 1982
Stormwater; Indicators Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Dufour, A.P. “Bacterial indicators of recreational water quality.” Canadian Journal of ntalDesignFieldSampling/MainEDFS.html
Public Health . Vol. 75, pp. 49-56. January/February 1984a. 1984
Dufour, A.P. and P. Ballentine. Ambient Water Quality Criteria for Bacteria — 1986 Cirteria Pitt http:/unix.eng.ua.edu/~rpitt/Class/Experime
(Bacteriological ambient water quality criteria for marine and fresh recreational ntalDesignFieldSampling/MainEDFS.html
waters). EPA A400/5-84-002. USEPA. Washington, D.C. 1986. 1986
Dufour, A.P. Health Effects Criteria for Fresh Recreational Waters . U.S. Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Environmental Protection Agency. Health Effects Research Laboratory. Office of ntalDesignFieldSampling/MainEDFS.html
Research and Development. EPA 600/1-84-004. August 1984b. 1984
Dunlap, B.G. and Thies, M.L. 2002. Giardia in Beaver (Castor canadensis) and 2002 |Texas Drinking Water; Monitoring Awwarf
Nutria (Myocastor Coypus) from East Texas. Journal of Parasitology, 88: 1254-
1258.
Dutka, B.J. “Microbiological indicators, problems and potential of new microbial Stormwater; Indicators Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
indicators of water quality.” In: Biological Indicators of Water Quality . John Wiley ntalDesignFieldSampling/MainEDFS.html
and Sons. New York. 1979. 1979
East Bay Municipal District (EBMUD) Natural Resources Department. 2001. Range [ 2001 |California Agriculture; WWE http://www.ebmud.com/water_& environment/en
Resource Management Plan. vironmental_protection/east_bay/range_resource
management_plan/default.htm
Easton, J. H., 2000. The Development of Pathogen Fate and Transport Parameters Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
for Use in Assessing Health Risks Associated with Sewage Contamination. Doctoral ntalDesignFieldSampling/MainEDFS.html
Dissertation, Department of Civil and Environmental Engineering, University of
Alabama at Birmingham, 271 pp. 2000
Ebdon, J; Muniesa, M; Taylor, H. 2007. The application of a recently isolated 2007 Pathogen Indicators; EPA 2007 Experts Workshop | http://www.epa.gov/waterscience/criteria/rec
strain of Bacteroides (GB-124) to identify human sources of fecal pollution in a Chapter 2 reation/experts/chapter02.pdf
temperate river catchment. Water Research: In press.
Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Ecuador Ministerio de Salud Publica. Proyecto de Normas Reglamentarias para la ntalDesignFieldSampling/MainEDFS.html
Aplicacion de la Ley . Instituto Ecuatoriano de Obras Sanitarias. 1987. 1987
Edberg, S.C., and D.B. Smith. 1989. Absence of Association between Total 1989 Drinking Water; Monitoring Awwarf
Heterotrophic and Total Coliform Bacteria from a Public Water Supply. Applied and
Environmental. Microbiology, 55 (2): 380-384.
1997 |Arkansas TMDL EPA Pathogen TMDL Guidance
Edwards, D.R., M.S. Coyne, P.F. Vendrell, T.C. Daniel, P.A. Moore Jr., and J.F.
Murdoch. 1997. Fecal coliform and streptococcus concentrations in runoff from
grazed pastures in northwest Arkansas. Journal of the American Water Resources
Association 33(2):413- 422. Environmental Microbiology: Pathogens in Water .
<http://burgundy.uwaterloo.ca/biol447/new/pathogl.htm >. Accessed May 14, 1997.
Ehrhart and Hanson, 1997. Effective Cattle Management in Riparian Zones: A 1997 (U.S. Agriculture; WWE
Field Survey and Literature Review.
Eisenberg, JNS; Hubbard, A; Wade, TJ; Sylvester, MD; LeChevalier, MW; Levy, D; | 2006 Human Health Risk; Sources; EPA 2007 Experts Workshop http://www.epa.qgov/waterscience/criteria/rec
Colford, JM, Jr. 2006. Inferences drawn from a risk assessment compared directly Chapter 4 reation/experts/chapter04.pdf
with a randomized trial of a home drinking water intervention. Environmental
Health Perspectives 114: 1199-1204.
Ellis, J. B. and Y. Wang. “Bacteriology of urban runoff: the combined sewer as a Stormwater; Sewer Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
bacterial reactor and generator.” Water Science and Technology . 31: 7, 303-310. ntalDesignFieldSampling/MainEDFS.html
1995
Sediment Microbiology; Human Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Ellis, J.B., “Water and sediment microbiology of urban rivers and their public health Health ntalDesignFieldSampling/MainEDFS.html
implication”. Journal of Public Health Engineering, 13, 95-98. 1985. 1985
Elmir, SM; Wright, ME; Abdelzaher, A; Solo-Gabriele, HM; Fleming, LE; Miller, G; 2007 |Coastal/Great [Human Health Risk; Sources; EPA 2007 Experts Workshop http://www.epa.gov/waterscience/criteria/rec
Rybolowik, M; Shih, M-TP; Pillai, S; Cooper, JA; Quaye, EA. 2007. Quantitative Lakes/Beaches Chapter 4 reation/experts/chapter04.pdf
evaluation of bacteria released by bathers in a marine water. Water Research 41:
3-10.
Stormwater. Monitoring Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Envirogenics Company. Urban Storm Runoff and Combined Sewer Overflow ntalDesignFieldSampling/MainEDFS.html
Pollution--Sacramento, California. USEPA 11024 FKM 12/71. Dec. 1971. 1971
Environment Canada. Rideau River Water Quality and Stormwater Monitor Study, Canada Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
1979. MS Rept. No. OR-29. Feb. 1980. Environmental Science & Technology . ntalDesignFieldSampling/MainEDFS.html
“News Briefs.” Vol. 30, no. 7, pg. 290a. July 1996b. 1996
Canada Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Environment Canada. Storm Water Monitoring Study, Rideau River, National ntalDesignFieldSampling/MainEDFS.html
Capital Area, 1978. MS Report No. OR-24. Dec. 1978. 1978
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EP/CEU (European Parliament/Council of the European Union). 2006. Directive 2006 |Europe Criteria Development; Human EPA 2007 Experts Workshop | http://www.epa.gov/waterscience/criteria/rec |http://europa.eu.int/eurlex/lex/LexUriServ/site/en/
2006/7/EC of the European Parliament and of the Council of 15 February 2006 Health Risk; Sources; Standards Chapters 1, 4 and 7 reation/experts/chapter01.pdf 0j/2006/I_064/1_06420060304en00370051.pdf
Concerning the Management of Bathing Water Quality and Repealing Directive Implementation
76/160/EEC. Official Journal of the European Union L64: 31-51.
Erkenbrecher, C.W. 1981. Sediment Bacterial Indicators in an Urban Shellfishing 1981 ([Maryland Drinking Water; Monitoring Awwarf
Subestuary of the Lower Chesapeake Bay. Applied and Environmental
Microbiology, 42 (3): 484-492.
ES&T (Environmental Science & Technology) . “News Briefs.” Vol. 30, no. 7, pg. Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
290a. July 1996. European Economic Community (EEC). “Council directive of 8 ntalDesignFieldSampling/MainEDFS.html
December 1975 concerning the quality of bathing water.” Official Journal of the
European Communities. Vol. 19, L31. 1976. 1976
Faecal Bacteria; Concentrations Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Evans, M.R. and J.D. Owens. “Factors affecting the concentration of faecal bacteria ntalDesignFieldSampling/MainEDFS.html
in land-drainage water.” J. Gen. Microbiol. 71:477-485. 1972. 1972
Evans, M.R. and J.D. Owens. “Soil bacteria in land-drainage water.” Water Coliform Sources; Estuaries Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Research. 7:1295-1300. 1973. Faust, M.A. “Coliform bacteria from diffuse sources ntalDesignFieldSampling/MainEDFS.html
as a factor in estuarine pollution.” Water Research. 10:619- 627. 1976. 1976
Fahrenthold, D. 2006. Wildlife Waste Is Major Water Polluter, Studies Say. 2006 |U.S. wildlife WWE
Washington Post article
Faust, M.A. 1982. Relationship between Land Use Practices and Fecal Bacterial in 1982 Drinking Water; Monitoring Awwarf
Soils. Journal of Environmental Quality, 11 (1): 141-147.
Faust, M.A. and N.M. Goff. “Basin size, water flow and land-use effects on fecal Fecal Coliform; Rural Watershed Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
coliform pollution from a rural watershed.” In: Watershed Research in Eastern ntalDesignFieldSampling/MainEDFS.html
North America, Vol I, D.L. Correll. NTIS No. PB-279 920/3SL. 1977. 1977
Faust, M.A. and N.M. Goff. “Sources of bacterial pollution in an estuary.” In: Bacterial Pollution; Estuary Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Coastal Zone '78, Proc., Symp. on Technical, Environmental, Socioeconomic and ntalDesignFieldSampling/MainEDFS.html
Regulatory Aspects of Coastal Zone Management. ASCE/ San Francisco. March
1978. 1978
Faust, M.A., A.E. Aotaky, and M.T. Hargadon. 1975. Effect of Physical Parameters | 1975 Drinking Water; Monitoring Awwarf
on the in Situ Survival of Escherichia coli MC-6 in an Estuarine Environment.
Applied Microbiology, 30 (5): 800-806.
1998 Drinking Water; Monitoring Awwarf
Fayer , R., L. Gasbarre, P. Pasuali, A. Canals, S. Almeria, and D. Zarlenga. 1998.
Cryptosporidium parvum infection in bovine neonates-dynamics clinical, parasitic,
and immunologic patterns. International Journal of Parasitology, 28 (1): 49-56.
Fayer, R. and R.G. Leek. 1984. The Effects of Reducing Conditions, Medium, pH, 1984 Drinking Water; Monitoring Awwarf
‘Temperature and time on In-vitro Excystation of Cryptosporidium . Journal of
Protozoology , 31(4): 567-569.
Feachem, R. “An improved role for faecal coliform to faecal stretococci ratios in the Fecal Coliform Sources; Natural Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
differentiation between human and non-human pollution sources.” Water Research. Conditions ntalDesignFieldSampling/MainEDFS.html
9:689-690. 1975. 78 1975
Fecal Coliform TMDL Development Chickasawhatchee Creek Watershed, Flint undated |Michigan Fecal Colifrom TMDL EPA Pathogen TMDL Guidance
River Basin. Undated.
Canada River Pollution; Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Fee, A.E. “River pollution and storm water management in the Ottawa area.” In: Management ntalDesignFieldSampling/MainEDFS.html
Proceedings, Pollution Control Assoc. of Ontario 1976 Annual Conference. 1976. 1976
Natural Conditions; Pollution Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Fennell, H., D.B. James, and J. Morris. “Pollution of a storage reservoir by roosting ntalDesignFieldSampling/MainEDFS.html
gulls.” Journal Soc. for Water Treatment and Examination. 23(1):5-24. 1974. 1974
Ferguson, C.M., B.G. Coote, N.J. Ashbolt, and I.M. Stevenson. 1996. Relationships [ 1996 Drinking Water; Monitoring Awwarf
Between Indicators, Pathogens and Water Quality in an Estuarine System. Water
Research, 30 (9): 2045-2054.
Ferguson, CM; Croke, BFW. 2005. Deterministic model to quantify pathogen and 2005 |Australia/New [Modeling; Criteria; EPA 2007 Experts Workshop  [http://www.epa.gov/waterscience/criteria/rec |http://mssanz.org.au/modsim05/papers/ferguson.
faecal indicator loads in drinking water catchments. Pp. 2679-2685 in: Zerger, A; Zealand Chapter 6 reation/experts/chapter06.pdf pdf
Argent, RM (eds). MODSIM 2005 International Congress on Modelling and
Simulation. Modelling and Simulation Society of Australia and New Zealand,
December 2005.
Ferguson,CM; Croke, BFW; Beatson, PJ; Ashbolt, NJ; Deere, DA. 2007. 2007 |Australia Modeling; Criteria; EPA 2007 Experts Workshop http://www.epa.qgov/waterscience/criteria/rec
Development of a process-based model to predict pathogen budgets for the Sydney Chapter 6 reation/experts/chapter06.pdf
drinking water catchment, Journal of Water and Health 5(2): 187-208.
Ferley, J.P., D. Zmirou, F. Balducci, B. Baleux, P. Fera, G. Larbaigt, E. Jacq, B. Human Health; Recreation; Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Moissonnier, A. Blineau, and J. Boudot. “Epidemiological significance of Microbiological Pollution ntalDesignFieldSampling/MainEDFS.html
microbiological pollution criteria for river recreational waters.” International Journal
of Epidemiology . Vol. 18, no. 1, pp. 198-205. January 1989. 1989
Field, R. and A.N. Tafuri. “Section I: Stormflow pollution control in the U.S.” In: u.s. Stormwater Pollution Control Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Combined Sewer Overflow Seminar Papers. USEPA Report No. EPA-670/2-73- ntalDesignFieldSampling/MainEDFS.html
077. Nov. 1973. 1973
Sewer Overflow Management Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Field, R. and E.J. Struzeski, Jr. “Management and control of combined sewer ntalDesignFieldSampling/MainEDFS.html
overflows.” Journal WPCF 44(7):1393-1415. July 1972. 1972
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Reference Year State Keywords Colorado Reference Reviewed/Cited By Original Document Reference Hyperlink
or Country Geographic (if reference taken from another source)
(if relevant) Location
(if applicable)
Field, R. and M.L. O'Shea. “The detection of pathogens in storm-generated flows.” Pathogens; Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
\Water Environment Federation 65th Annual Conference and Exposition . New ntalDesignFieldSampling/MainEDFS.html
Orleans. September. 1992. 1992
Urban Stormwater; Sewer Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Field, R., and C. Cibik. “Urban runoff and combined sewer overflows.” Journal of Overflows ntalDesignFieldSampling/MainEDFS.html
Water Pollution Control Federation. Vol. 52. No. 6. pp.1290-1307. June 1980. 1980
Field, R., M. O’'Shae and M. Brown. “The detection and disinfection of pathogens in Pathogens; Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
storm-generated flows.” Water Science & Technology . Vol. 28, no. 3-5, pp. 311- ntalDesignFieldSampling/MainEDFS.html
315. 1993. 1993
Field, R., V.P. Olivieri, E.M. Davis, J.E. Smith, and E.C. Tifft, Jr. Proceedings of Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
\Workshop on Microorganisms in Urban Stormwater. USEPA Rept. No. EPA-600/2- ntalDesignFieldSampling/MainEDFS.html
76-244. Nov. 1976. 1976
Figley, W.K. and L.W. Vandruff. “The ecology of nesting and brood rearing by Avian Ecology Pitt http:/unix.eng.ua.edu/~rpitt/Class/Experime
suburban mallards.” In: Symposium on Wildlife in an Urbanizing Environment. ntalDesignFieldSampling/MainEDFS.html
Planning and Research Development Series No. 28, U. of Mass. June 1974. 1974
Fischer, H.B., E.J. List, R.C.Y. Koh, J. Imberger and N.H. Brooks. 1979. Mixing in 1979 Mixing Zone; Coastal Waters EPA Pathogen TMDL Guidance
Inland and Coastal Waters . Academic Press, Orlando, FL.
Fisher, K.R., 1995. Manual of Sediment Transport in Rivers . Wallingford, UK: HR 1995 Drinking Water; Monitoring Awwarf
\Wallingford.
u.s. Bacterial Water Quality Criteria Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Fleisher, J.M. “A reanalysis of data supporting U.S. federal bacteriological water ntalDesignFieldSampling/MainEDFS.html
quality criteria governing marine recreational waters.” Research Journal of the
\Water Pollution Control Federation. Vol. 63, no. 3, pp. 259-265. May/June 1991. 1991
Fleisher, J.M., F. Jones, D. Kay, R. Stanwell-Smith, M. Wyer, and R. Morano. Recreational Contact; Sewage Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
“Water and non-water related risk factors for gastroenteritis among bathers exposed Contamination ntalDesignFieldSampling/MainEDFS.html
to sewage contaminated marine waters.” International Journal of Epidemiology . Vol.
22, No. 4, pp. 698-708. 1993. 1993
Fleisher, JM; Kay, D; Salmon, RL; Jones, F; Wyer, MD; Godfree, AF. 1996. Marine | 1996 |United Kingdom [Acceptable Risk; Sewage; EPA 2007 Experts Workshop | http://www.epa.gov/waterscience/criteria/rec
waters contaminated with domestic sewage: Nonenteric illnesses associated with Marine; Criteria Development Chapters 1 and 5 reation/experts/chapter01.pdf
bather exposure in the United Kingdom. American Journal of Public Health 86:
1228-1234.
Fleming, LE; Rivero, C; Burns, J; Williams, C; Bean, J; Shea, K; Stinn, J. 2002. 2002 |Florida Acceptable Risk; EPA 2007 Experts Workshop http://www.epa.qgov/waterscience/criteria/rec
Blue green algal (cyanobacterial) toxins, surface drinking water, and liver cancer in Chapter 5 reation/experts/chapter05.pdf
Florida. Harmful Algae 1(2): 157-168.
2006 |California stream; land use WWE
Flow Science, 2006. Review of Bacteria Data from Southern California Watersheds|
Fong, TT; Griffin, DW; Lipp, EK. 2005. Molecular assays for targeting human and 2005 |Coastal/Great |Modeling; Criteria; EPA 2007 Experts Workshop  [http://www.epa.gov/waterscience/criteria/rec
bovine enteric viruses in coastal waters and their application for library-independent Lakes/Beaches Chapter 6 reation/experts/chapter06.pdf
source tracking. Applied and Environmental Microbiology 71(4): 2070-2078.
Fox, G.. E. coli Fate and Transport in Macroporous Soils: Short-Circulating to the 2008 Coliform Bacteria; Soils World Environment & Water
Substrate.Presented at 2008 World Environmental & Water Resources Congress. Resources Congress
Honolulu, HI.
Francy, D.S., D.N. Myers, and K.D. Metzker. 1993. Escherichia coli and fecal- 1993 Coliform Bacteria; Recreational EPA Pathogen TMDL Guidance
coliform bacteria as indicators of recreational water quality. Water Resources Water Quality
Investig. Rep. 93-4083, U.S. Geological Survey, Earth Science Information Center,
Denver, CO.
Francy, DS; Darner, RA. (2006) Procedures for Developing Models To Predict 2006 |Coastal/Great |Modeling; Criteria; EPA 2007 Experts Workshop  [http://www.epa.gov/waterscience/criteria/rec
Exceedances of Recreational Water-Quality Standards at Coastal Beaches. USGS Lakes/Beaches Chapter 6 reation/experts/chapter06.pdf
Technigues and Methods Report 6-B5.
Francy, DS; Darner, RA. 2002. Forecasting Bacteria Levels at Bathing Beaches in | 2002 |Ohio Modeling; Criteria; EPA 2007 Experts Workshop  [http://www.epa.gov/waterscience/criteria/rec
Ohio. USGS FS-132-02. Chapter 6 reation/experts/chapter06.pdf
Francy, DS; Gifford, AM; Darner, RA. 2003. Escherichia coli at Ohio Bathing 2003 |Ohio Modeling; Criteria; EPA 2007 Experts Workshop http://www.epa.qgov/waterscience/criteria/rec
Beaches-Distribution, Sources, Wastewater Indicators, and Predictive Modeling . Chapter 6 reation/experts/chapter06.pdf
USGS WPIR 02-4285.
Francy, DS; Lis, J. 2007. Ohio Nowcasting Beach Advisories. Website. 2007 |Ohio Modeling; Criteria; EPA 2007 Experts Workshop http://www.epa.qgov/waterscience/criteria/rec |http://www.ohionowcast.info/index.asp
Chapter 6 reation/experts/chapter06.pdf
Fraser, R.H., P.K. Barten and D.A.K. Pinney. 1998. Predicting Stream Pathogen 1998 Drinking Water; Monitoring; GIS Awwarf
Loading from Livestock using a Geographical Information System-Based Delivery
Model. Journal of Environmental Quality, 27: 935-945.
Freedman, P.K. and J.K. Marr. 1990. Receiving-water impacts. In Control and 1990 Sewer Overflow; Receiving EPA Pathogen TMDL Guidance
Treatment of Combined Sewer Overflows . Van Nostrand Reinhold, New York. Pp \Water
79-117.
French, R.H. 1985. Open Channel Hydraulics. New York, New York: McGraw-Hill 1985 Drinking Water; Monitoring Awwarf
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suburban watersheds. Water Resour. Bull., 20:211-217.

Watersheds
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Frick, W; Ge, Z. Nowcasting and forecasting concentrations of biological undated Modeling; Criteria; EPA 2007 Experts Workshop | http://www.epa.gov/waterscience/criteria/rec
contaminants at beaches: Case study with E. coli. Submitted. Chapter 6 reation/experts/chapter06.pdf
Frick, WE; Francy, DS; Damer, RA; Ge, Z. 2005. Developing site-specific models | 2005 Modeling; Criteria; EPA 2007 Experts Workshop | http://www.epa.gov/waterscience/criteria/rec
for forecasting bacteria levels at coastal beaches. Proceedings of the 18th Biennial Chapter 6 reation/experts/chapter06.pdf
Conference of the Estuarine Research Federation. Norfolk, Virginia.
Fujioka, R.S. and L.K. Shizumura. 1985. Clostridium perfringens , a Reliable 1985 Drinking Water; Monitoring Awwarf
Indicator of Stream Water Quality. Journal of Water Pollution Control Federation,
57 (10): 986-992.
Fujioka, R.S., H.H. Hashimoto, E.B. Siwak, and R.H. Young. 1981. Effect of 1981 Drinking Water; Monitoring; Awwarf
Sunlight on Survival of Indicator Bacteria in Seawater. Applied and Environmental Seawater
Technology, 41 (3): 690-696.
Fujioka, R; Byappanahalli, MN. 2001. Final Report Tropical Indicator Workshop . 2001 |Hawaii Pathogen Indicators; EPA 2007 Experts Workshop | http://www.epa.gov/waterscience/criteria/rec
Prepared for EPA, Office of Water by the Water Resources Research Institute, Chapter 2 reation/experts/chapter02.pdf
University of Hawaii, Manoa.
Fuijita, S. “Restoration of polluted urban watercourses in Tokyo for community use.” Japan Restoration; Urban Water Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Sustaining Urban Water Resources in the 21st Century . Proceedings of an ntalDesignFieldSampling/MainEDFS.html
Engineering Foundation Conference. September 7 — 12, 1997. Malmo, Sweden.
ASCE/Engineering Foundation. New York. 1998. 1997
Furuse, K., T. Sakurai, Y. Inokuchi, H. Inoko, A. Ando, and |. Watanabe. 1978. 1978 |(Asia Drinking Water; Monitoring Awwarf
Distribution of Ribonucleic Coliphages in South and East Asia. Applied and
Environmental Microbiology, 35 (6): 995-1002.
Furuse, K; Ando, A; Watanabe, I. 1975. Isolation and grouping of RNA phages. 1975 Pathogen Indicators; Virus EPA 2007 Experts Workshop | http://www.epa.gov/waterscience/criteria/rec
VII. A survey in Peru, Bolivia, Mexico, Kuwait, France, Australia, and the United Chapter 2 reation/experts/chapter02.pdf
States of America. Journal of the Keio Medical Society 52: 355-361.
Microbiology; Anaerobic Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Gambrell, R.P. and W.H. Patrick Jr. “Chemical and microbiological properties of Sediment ntalDesignFieldSampling/MainEDFS.html
anaerobic sorts and sediments.” In: Plant Life in Anaerobic Environments. R.M.M.
Crawford (ed.). Ann Arbor Science Publishers, Ann Arbor, Michigan, 1977. 1977
Gannon, J.J., M.K. Busse, and J.E. Schillinger. 1983. Fecal coliform disappearance | 1983 Fecal Coliform; River EPA Pathogen TMDL Guidance
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Gauthier, F; Archibald, F. 2001. The ecology of “fecal indicator” bacteria 2001 Pathogen Indicators; EPA 2007 Experts Workshop  [http://www.epa.gov/waterscience/criteria/rec
commonly found in pulp and paper mill water systems. Water Research 35(9): Chapter 2 reation/experts/chapter02.pdf
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Gawler, AH; Beecher, JE; Brandao, J; Carroll, NM; Falcao, L; Gourmelon, M; 2007 |Europe/Coastal |Pathogen Indicators; EPA 2007 Experts Workshop http://www.epa.qgov/waterscience/criteria/rec
Masterson, B; Nunes, B; Porter, J; Rince, A; Rodrigues, R; Thorp, M; Walters, JM; Chapter 2 reation/experts/chapter02.pdf
Meijer, WG. 2007. Validation of host-specific Bacteroidales 16S rRNA genes as
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European Union. Water Research: In press.
Geldreich, E.E. “Fecal coliform and fecal streptococcus density relationships in Fecal Coliform; Waste Discharge Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
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6(4):349. Oct. 1976. 1976
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Geldreich, E.E. “Microbiology of water.” Journal WPCF. 52(6):1774. June 1980. 1980
Microbial Populations; Streams Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
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Viruses by the Water Route, edited by G. Berg, Interscience Publishers, NY. 1965. 1965
Fecal Streptococci; Stream Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
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Think_Like a Bacteria_in_Developing_BM
Ps.pdf
1990 Drinking Water; Monitoring Awwarf
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Haile, RW; Witte, JS; Gold, M; Cressey, R; McGee, C; Millikan, RC; Glasser, A; 1999 [Coastal/Great [Human Health Risk; Sources; EPA 2007 Experts Workshop | http://www.epa.gov/waterscience/criteria/rec
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Harker, Brook. 1997. A Prairie-wide Perspective of Nonpoint Agricultural Effects on [ 1997 |Canada Agriculture; WWE
Water Quality A Review of Documented Evidence and Expert Opinion. Prepared
for the Prairie Farm Rehabilitation Administration, Department of Agriculture and
Agri-Food, Canada.
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Horner, R.R., J.J. Skupien, E.H. Livingston, and H.E. Shaver. 1994. Fundamentals | 1994 |U.S. Stormwater; WWE

C:\Documents and Settings\cas\My Documents\Colorado Healthy Rivers Fund\2008\Colorado Storm Water Council\

c Task 1 Bacteria Bibliography 2008.xls

Wright Water Engineers, Inc.

2/24/2009 Page 14

Prepared by Jane Clary
For the Colorado E. coli Work Group


http://www.epa.gov/waterscience/criteria/recreation/experts/chapter02.pdf�
http://www.epa.gov/waterscience/criteria/recreation/experts/chapter04.pdf�
http://www.epa.gov/waterscience/criteria/recreation/experts/chapter06.pdf�
http://www.epa.gov/waterscience/criteria/recreation/experts/chapter02.pdf�
http://www.epa.gov/waterscience/criteria/recreation/experts/chapter02.pdf�
http://www.epa.gov/waterscience/criteria/recreation/experts/chapter06.pdf�

Bibliography of Bacteria References
(periodic updates anticipated; last updated August 8, 2008)

Conventional, Manufactured, and LID Stormwater Treatment Systems. Presented at|
2008 World Environmental & Water Resources Congress. Honolulu, HI.
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waters of the Bluegrass region of Kentucky. Journal of Environmental Quality Awwarf
24:411-419.
1996 Microbiology EPA Pathogen TMDL Guidance,
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Kansas Department of Health and Environment (KDHE). 1999. TMDL Data for the 1999 |Kansas, TMDL; Fecal Coliform EPA Pathogen TMDL Guidance
Middle Republican Subbbasin: Republican River/Fecal Coliform Bacteria. Kansas Nebraska
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Kay, D; Fleisher, JM; Salmon, RL; Jones, F; Wyer, MD; Godfree, AF; Zelenauch- 1994 Criteria Development; EPA 2007 Experts Workshop | http://www.epa.gov/waterscience/criteria/rec
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1978 Drinking Water; Monitoring Awwarf
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C:\Documents and Settings\cas\My Documents\Colorado Healthy Rivers Fund\2008\Colorado Storm Water Council\

c Task 1 Bacteria Bibliography 2008.xls

Wright Water Engineers, Inc.

2/24/2009 Page 17

Prepared by Jane Clary
For the Colorado E. coli Work Group


http://www.epa.gov/waterscience/criteria/recreation/experts/chapter06.pdf�
http://www.epa.gov/waterscience/criteria/recreation/experts/chapter02.pdf�
http://www.epa.gov/waterscience/criteria/recreation/experts/chapter02.pdf�
http://www.epa.gov/waterscience/criteria/recreation/experts/chapter02.pdf�

Bibliography of Bacteria References
(periodic updates anticipated; last updated August 8, 2008)

closures: A Case Study from North Carolina. Coastal Zone Management Journal, 9:
1-18.

Reference Year State Keywords Colorado Reference Reviewed/Cited By Original Document Reference Hyperlink
or Country Geographic (if reference taken from another source)
(if relevant) Location
(if applicable)
Liu, L; Phanikumar, MS; Molloy, SL; Whitman, RL; Shively, DA; Nevers, MB; 2006 |Coastal/Great |Pathogen Indicators; EPA 2007 Experts Workshop | http://www.epa.gov/waterscience/criteria/rec
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Madigan, M. T., J. M. Martinko and J. Parker. Brock Biology of Microorganisms . ntalDesignFieldSampling/MainEDFS.html
Prentice Hall, Upper Saddle River, New Jersey. 1997. 1997
Madore, M.S., J.B. Rose, C.P. Gerba, M.J. Arrowood, and C.R. Sterling. 1987. 1987 Cryptosporidium; Surface Waters EPA Pathogen TMDL Guidance
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from the Water Science and Technology Board . National Research Council.
Washington, D.C. Vol. 14, No. 4, pp. 1 — 3. October/November 1997. 1997
Mahar, E.J. 2002. Sorbitol-fermenting Bifidobacteria as An Indicator of Human 2002 Drinking Water; Monitoring Awwarf
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Massachusetts, Amherst.
1991 Pathogen Detection EPA Pathogen TMDL Guidance
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Mallin, MA; Williams, KE; Esham, EC; Lowe, RP. 2000. Effect of human 2000 |Coastal/Great [Modeling; Criteria; EPA 2007 Experts Workshop | http://www.epa.gov/waterscience/criteria/rec
development on bacteriological water quality in coastal watersheds. Ecological Lakes/Beaches Chapter 6 reation/experts/chapter06.pdf
Applications 10(4):1047-1056.
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Management Training Audioconference Seminars. Public Health Foundation. ntalDesignFieldSampling/MainEDFS.html
National Center for Infectious Diseases, CDC. Atlanta, GA. 1997. 1997
Mancini, J. L. and A. H. Plummer. 1995. Effects of Temperature on Infectivity of 1995 Drinking Water; Monitoring Awwarf
Cryptosporidium_Oocysts.
Mancini, J.L. 1978. Numerical estimates of coliform mortality rates under various 1978 Coliform Biology EPA Pathogen TMDL Guidance
conditions. J. Water Pollution Control Fed., 50(11): 2477-2484.
Mara, D.D., and J.I. Oragui. 1981. Occurrence of Rhodococcus coprophilus and 1981 Drinking Water; Monitoring Awwarf
Associated Actinomycetes in Feces, Sewage, and Freshwater. Applied and
Environmental Microbiology, 42 (6): 1037-1042.
Mara, D.D., and J.I. Oragui. 1983. Sorbitol-fermenting Bifidobacteria as Specific 1983 Drinking Water; Monitoring Awwarf
Indicator of Human Fecal Pollution. Journal of Applied Bacteriology, 55 (March):
349-357.
1985 (Africa Drinking Water; Monitoring Awwarf
Mara, D.D., and J.I. Oragui. 1985. Bacteriological Methods for Distinguishing
Between Human and Animal Faecal Pollution of Water: Results of Filed Work in
Nigeria and Zimbabwe, Bulletin of the World Health Organization, 63: 773-783.
Pet Feces Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Marron, J.A. and C.L. Senn. “Dog feces: A public health and environment problem.” ntalDesignFieldSampling/MainEDFS.html
J. of Environmental Health. 37 (3):239. Nov/Dec. 1974. 1974
MassGIS 2001. Massachusetts Geographic Information System: Download Free 2001 |Massachusetts [Drinking Water; Monitoring Awwarf
Data [online]. Available: http://www.mass.gov/mgis. [June, 2005]
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McCarthya, D. T., Deletic, A., Fletcher, T.D. and C. Diaper. 2007. Uncertaintiesin | 2007 |Australia Measurement; Uncertainty; WWE (provided by Joan Carlson) http://www.sciencedirect.com/science? ob=Articl
Stormwater E. coli levels, Water Research 42 (2008): 1812-1824. IWA Publishing. stormwater eURL& udi=B6V73-4R53W6C-
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McCuen, R.H.. 1998. Hydrologic Analysis and Design . Upper Saddle River, NJ: 1998 Drinking Water; Monitoring Awwarf
Prentice Hall.
McDonald, A., and D. Kay. 1981. Enteric Bacterial Concentration in Reservoir 1981 Drinking Water; Monitoring Awwarf
Feeder Streams: Baseflow Characteristics and Response to Hydrograph Events.
Water Research, 15 (8): 961-968.
1982 Drinking Water; Monitoring Awwarf
McDonald, A., D. Kay, and A. Jenkins. 1982. Generation of Fecal and Total
Coliform Surges by Stream Flow Manipulation in the Absence of Normal
Hydrometeorological Stimuli. Applied & Environmental Microbiology , 44: 292-300.
McElroy, A.D., S.Y. Chiu, J.W. Nebgen, A. Aleti, and F.W. Bennett. 1976. Loading 1976 Nonpoint Sources; Water EPA Pathogen TMDL Guidance
functions for assessment of water pollution from nonpoint sources . EPA-600/2- 76- Pollution
151. Office of Research and Development, U.S. Environmental Protection Agency,
'Washington, DC.
McElroy, F.T.R. and J.M. Bell. Stormwater Runoff Quality for Urban and Semi- Stormwater; Water Quality Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Urban/ Rural Watersheds. Purdue University Water Resources Research Center. ntalDesignFieldSampling/MainEDFS.html
Feb. 1974. 1974
McFeters, G.A., G.K. Bissonnette, J.J. Jezeski, C.A. Thomson, and D.G. Stuart. 1974 Drinking Water; Monitoring Awwarf
1974. Comparative Survival of Indicator Bacteria and Enteric Pathogens in Well
Water. Applied Microbiology, 27 (5): 823-829.
1995 [U.S. Northeast |Drinking Water; Monitoring Awwarf
McKay, M and D.S. Wilks. 1995. Atlas of Short-Duration Precipitation Extremes for
the Northeastern United States and Southeastern Canada. Ithaca, NY: Northeast
Regional Climate Center Research Series Publication No. RR 95-1.
McMurray, S.W., M.S. Coyne and E. Perfect. 1998. Fecal coliform transport 1998 Fecal Coliform; Agriculture EPA Pathogen TMDL Guidance
through intact soil blocks amended with poultry manure. Journal of Environmental
Quality 27:86-92.
McNeill, A.R. 1992. Recreational water quality. In Pollution in Tropical Aquatic 1992 Recreational Water EPA Pathogen TMDL Guidance
Systems, ed. D.W. Connell and D.W. Hawker, pp. 193-216. CRC Press, Inc., Boca
Raton, FL.
McSwain, M.R. “Baseline levels and seasonal variations of enteric bacteria in Enteric Bacteria; Stream Water Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
oligotrophic streams.” In: Watershed Research in Eastern North America, Vol.Il, ntalDesignFieldSampling/MainEDFS.html
D.L. Correll. NTIS No. PB-279 920/3SL. 1977. 1977
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Medema G.J., Schets FM , Teunis PFM, Havelaar AH. 1998. Sedimentation of free
and attached Cryptosporidium oocysts and Giardia cysts in Water. Applied and
Environmental Microbiology, 64(11):4460-4466.

1998

Drinking Water; Monitoring

Awwarf

Medema, G.J., M. Bahar and F.M. Schets. 1997. Survival of Cryptosporidium
parvum, Escherichia coli, faecal enterococci and Clostridium perfringens in river
water: influence of temperature and authochthonous microorganisms. Water
Science Technology 35(11- 12):249-252.

1997

Pathogens; River Water

EPA Pathogen TMDL Guidance

Metcalf & Eddy. Draft 1993 Flow and Quality Monitoring Program and Results .
Prepared for the Massachusetts Water Resources Authority. Boston,
Massachusetts. March 1994.

1994

Massachusetts

Monitoring

Pitt

http://unix.eng.ua.edu/~rpitt/Class/Experime
ntalDesignFieldSampling/MainEDFS.html

Metcalf and Eddy. 1991. Wastewater Engineering: Treatment, Disposal, Reuse . 3rd
ed. McGraw-Hill, Inc., New York.

1991

Waste Treatment

EPA Pathogen TMDL Guidance

Metropolitan Water Reclamation District of Greater Chicago and the University of
lllinois—Chicago. 2008 (in progress) Epidemiologic Study of Recreational Use of
the Chicago Area Waterways. Funded by WERF

2008

lllinois

Epidemiology; Recreational
Water

WWE

http://www.werf.org/AM/Template.cfm?Section=
Microbes_and_Human_Health PATH_&Templat

e=/TaggedPage/TaggedPageDisplay.cfm&TPLID

=19&ContentiD=4474

Metropolitan Water Reclamation District of Greater Chicago, 2008. Report No. 08-
15. Description of the Chicago Waterway System for the Use Attainability Analysis.
March

2008

lllinois

Use Attainability Analysis;
Recreation;

WWE

http://www.mwrd.org/RD/IEPA_Reports/2008/08-
15%20Description%200f%20CW S%20Report%2

0for%20UAA. pdf

Mexico Secretaria de Desarrollo Urbano y Ecologia (SEDUE). Subsecretaria de
Ecologia. Breviario Juridico Ecoldgico . 1983.

1983

Stormwater

Pitt

http://unix.eng.ua.edu/~rpitt/Class/Experime
ntalDesignFieldSampling/MainEDFS.html

Miller, D.A. and R.A. White. 1998. A Conterminous United States Multi-Layer Soil
Characteristics Data Set for Regional Climate and Hydrology Modeling. Earth
Interactions, 2. [Available on-line at http://Earthinteractions.org]

1998

u.s.

Drinking Water; Monitoring

Awwarf

Mills, W.B., B.B. Borcella, M.J. Ungs, S.A. Gherini, K.V. Summers, M. lingsung,
G.L. Rupp, G.L. Bowie, and D.A. Haith. 1985. Water quality assessment: A
screening procedure for toxic and conventional pollutants in surface and ground
water (Revised 1985). EPA/600/6-85/002a-b. Environmental Research Laboratory,
Athens, GA.

1985

Water Pollutants

EPA Pathogen TMDL Guidance

Mills, W.B., G.L. Bowie, T.M. Grieb, K.M. Johnson, and R.C. Whittemore. 1986.
Handbook - stream sampling for waste load allocation applications . EPA 625/6-
86/013. U.S. Environmental Protection Agency, Office of Research and
Development, Washington, DC.

1986

Waste Load; Sampling

EPA Pathogen TMDL Guidance

Mitchell, L.G., J.A. Mutchmor, and W.D. Dolphin. 1988. Zoology . The
Benjamin/Cummings Publishing Company, Inc., Menlo Park, CA.

1988

TMDL

EPA Pathogen TMDL Guidance

MNHW (Minister of National Health and Welfare). 1992. Guidelines for Canadian
Recreational Water Quality . Ottawa, Canada: MNHW.

1992

Canada

Criteria Development;

EPA 2007 Experts Workshop
Chapter 1

Monson, R.R. Occupational Epidemiology . CRC Press. Boca Raton, FL. 1980. MTA
(Management Training Audioconferences). Participant Program Guide:
Cryptosporidium and Water . 1997

1997

Epidemiology

Pitt

http://www.epa.gov/waterscience/criteria/rec
reation/experts/chapter01.pdf

http://unix.eng.ua.edu/~rpitt/Class/Experime
ntalDesignFieldSampling/MainEDFS.html

Montogmery J.M.M., Consulting Engineers. 1985. Water Treatment Principles and
Design, New York, New York: John Wiley and Sons.

1985

Drinking Water; Monitoring

Awwarf

Moore, J.A., M.E. Grismer, S.R. Crane, and J.R. Miner. 1982. Evaluating dairy
waste management systems’ influence on fecal coliform concentration in runoff .
Department of Agricultural Engineering, Agricultural Experiment Station bulletin
658, Oregon State University, Corvallis, p 15.

1999

Agriculture; Fecal Coliform

EPA Pathogen TMDL Guidance

Moorhead, D.L., Davis, C.F. Wolf. 1998. Coliform Densities in Urban Waters of
West Texas. Environmental Health, 60 (7): 14-18.

1998

Texas

Drinking Water; Monitoring

Awwarf

Morinigo, M.A., D. Berr, C. Jone, M.A. Munoz, R. Cornax, J.J. Borrego. 1992.
Evaluation of Different Bacteriophage Groups as Faecal Indicators in Contaminated
Natural Waters in Southern England. Water Resources, 26 (3):267-261.

1992

Drinking Water; Monitoring

Awwarf

Moulton, L.A. 2001. Downstream Influences of Beaver Impoundments on the
Biogeochemical Characteristics of a New England Stream. Senior thesis. Mt.
Holyoke College, Holyoke, Massachusetts.

2001

New England

Drinking Water; Monitoring

Awwarf

Muddy Creek TMDL Establishment Workshop, The (MCTEW). 1999. Fecal
Coliform TMDL Development for Muddy Creek, Virginia, Final Report. Virginia
Department of Environmental Quality.

1999

‘TMDL; Fecal Coliform

EPA Pathogen TMDL Guidance

Mundt, J.0. “Occurrence of enterococci in animals in a wild environment.” Applied
Microbiology. 11:136-140. 1963.

1963

Natural Conditions; Pollution

Pitt

http://unix.eng.ua.edu/~rpitt/Class/Experime
ntalDesignFieldSampling/MainEDFS.html

Murphy, S. 2002. General Information on Dissolved Oxygen. Boulder, CO: US|
Geological Survey.

2002

Drinking Water; Monitoring

Awwarf

MWRA. 2005. Massachusetts Water Resources Authority Water System [online].
Available: http://www.mwra.com. [August, 2005]

2005

Massachusetts

Drinking Water; Monitoring

Awwarf
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Neelakantan, TR; Lingireddy, S; Brion, GM. 2002. Effectiveness of different 2002 Modeling; Criteria; EPA 2007 Experts Workshop | http://www.epa.gov/waterscience/criteria/rec
artificial neural network training algorithms in predicting protozoa risks in surface Chapter 6 reation/experts/chapter06.pdf
waters. Journal of Environmental Engineering 128(6): 533-542.
Nelson, M.A., T.S. Soerens, K.F. Steele, and P.F. Vendrell. 1998. Investigation of 1998 Drinking Water; Monitoring Awwarf
optimum sample number and timing for determining pollution loads [Online].
Available: <http://water.usgs.gov/wrri/98grants/Arkansas.htm>. [cited June 16,
2005
Nevers, MB; Whitman, RL. 2005. Nowcast modeling of Escherichia coli 2005 |Coastal/Great [Modeling; Criteria; EPA 2007 Experts Workshop | http://www.epa.gov/waterscience/criteria/rec
concentrations at multiple urban beaches of southern Lake Michigan. Water Lakes/Beaches Chapter 6 reation/experts/chapter06.pdf
Research 39(20): 5250-5260.
Newman, A. 1995. Analyzing for Cryptosporidium . Analyt. Chem. December 1:731 [ 1995 Monitoring; Detecting; EPA Pathogen TMDL Guidance
A-T34 A. Cryptosporidium
Nix, P.G., M.M. Daykin and K.L. Vilkas. 1994. Fecal pollution events reconstructed 1994 Fecal Pollution EPA Pathogen TMDL Guidance
and sources identified using a sediment bag grid. Water Environment Research
66(6):814-818.
Nix, S.J. 1990. Mathematical modeling of the combined sewer system. In Control 1990 Modeling; Sewer System EPA Pathogen TMDL Guidance
and Treatment of Combined Sewer Overflows, pp. 23-78. Van Nostrand Reinhold,
New York.
NOAA (National Oceanic and Atmospheric Administration. 2007. National Virtual 2005 |U.S. Modeling; Criteria; EPA 2007 Experts Workshop | http://www.epa.gov/waterscience/criteria/rec
Data System—National Climatic Data Center . Asheville, NC: NOAA. Chapter 6 reation/experts/chapter06.pdf
Noble, RT; Weisberg, SB; Leecaster, MK; McGee, CD; Ritter, K; Walker, KO; 2003 |Coastal/Great |Methods; EPA 2007 Experts Workshop | http://www.epa.gov/waterscience/criteria/rec
Vainik, PM. 2003. Comparison of beach bacterial water quality indicator Lakes/Beaches Chapter 3 reation/experts/chapter03.pdf
measurement methods. Environmental Monitoring and Assessment: 81: 301-312.
Nonpoint Source News Notes (News-Notes). 1997. DNA fingerprinting aids 1997 Fecal Colifrom; Sources EPA Pathogen TMDL Guidance
investigation-fecal coliform sources traced to unlikely suspects. Nonpoint Source
News Notes April/May 48:19-20.
North Carolina State University (NCSU) Water Quality Group. Water Resource 1997 TMDL EPA Pathogen TMDL Guidance
Characterization DSS—Bacteria, Protozoans, and Viruses .
<http://h2osparc.wg.ncsu.edu/info/>. Accessed April 17, 1997.
Novotny, V. and H. Olem. 1994. Water Quality: Prevention, Identification, and 1994 Pollution; Water Quality EPA Pathogen TMDL Guidance
Management of Diffuse Pollution. Van Nostrand Reinhold, New York.
Novotny, V., K.R. Imhoff, M. Olthof, and P.A. Krenkel. 1989. Karl Imhoff's 1989 Wastewater Disposal EPA Pathogen TMDL Guidance
Handbook of Urban Drainage and Wastewater Disposal . Wiley, New York.
Groundwater Recharge Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
NRC (National Research Council), Groundwater Recharge Committee, National ntalDesignFieldSampling/MainEDFS.html
Academy of Science. Ground Water Recharge using Waters of Impaired Quality .
ISBN 0-309-05142-8. National Academy Press, Washington, D.C. 284 pages. 1994.| 1994
NRDC. 1996. Testing the waters VI: Who knows what you're getting into? Natural 1996 TMDL EPA Pathogen TMDL Guidance
Resources Defense Council, NRDC Publications, New York, NY.
1993 TMDL EPA Pathogen TMDL Guidance
NSFC. 1993. National Onsite Wastewater Treatment: Summary of Onsite Systems
in the United States, 1993. National Small Flows Clearinghouse, Morgantown, WV.
O’Shea, M. and R. Field. “An evaluation of bacterial standards and disinfection Stormwater Treatment; Bacteria Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
practices used for the assessment and treatment of stormwater.” Advances in ntalDesignFieldSampling/MainEDFS.html
Applied Microbiology . Vol. 37, Academic Press, Inc. pp. 21 — 36. 1992a. 1992
O’Shea, M. and R. Field. “Detection and disinfection of pathogens in storm- Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
generated flows.” Canadian Journal of Microbiology . Vol. 38, no. 4, pp. 267 — 276. ntalDesignFieldSampling/MainEDFS.html
April 1992b 1992
Okun, D.A., G.F. Craun, J.K. Edzwald, J.B. Gilbert, and J.B. Rose. 1997. New York [ 1997 [New York Drinking Water; Monitoring Awwarf
City: To Filter or Not to Filter? Journal of the American Water Works Association,
89 (3):62.
Olivieri, AW; Boehm,A; Sommers, CA; Soller, JA; Eisenberg, JNS; Danielson, R. 2007 |U.S. Modeling; Criteria; Stormwater; [Risk EPA 2007 Experts Workshop http://www.epa.qgov/waterscience/criteria/rec
2007. Development of a Protocol for Risk Assessment of Microorganisms in Risk Chapter 6 reation/experts/chapter06.pdf
Separate Stormwater Systems. Water Environment Research Foundation, Project
03-SW-2, Final Project Report. In press.
Microbial Pathogens; Urban Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Olivieri, V.P., C.W. Kruse and K. Kawata. “Selected pathogenic microorganisms Watersheds ntalDesignFieldSampling/MainEDFS.html
contributed from urban watersheds.” In: Watershed Research in Eastern North
America, Vol.Il, D.L. Correll. NTIS No. PB-279 920/3SL. 1977a. 1977
Olivieri, V.P., C.W. Kruse, K. Kawata, and J.E. Smith. Microorganisms in Urban Microbes; Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Stormwater . U.S. Environmental Protection Agency. EPA-600/2-77-087. PB- ntalDesignFieldSampling/MainEDFS.html
272245. Cincinnati, Ohio. 1977b. 1977
Storm Sewer; Microbes Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Olivieri, V.P., Kawata, K., Lim, S.H. "Microbiological impacts of storm sewer ntalDesignFieldSampling/MainEDFS.html
overflows”. In: Ellis, J.B. (Ed); Urban Discharges and Receiving Water Quality
Impacts (Adv. Wat. Pollut. Control No.7), Pergamon Press, Oxford. 47-54. 1989. 1989
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2000 Drinking Water; Monitoring Awwarf
Olson, B.H., E.C. Chern, L.A. Khatib, and R.K. Oshiro. 2000. Factors Affecting
Validity and Representation of Biomarkers to Differentiate Fecal Source in
Environmental Waters. In Proceedings of the AWWA Water Quality Technology
Conference, Paper No. TU9-2 CD Rom, Salt Lake City, UT, Nov. 5-9, 2000.
Olyphant, GA. 2004. Statistical basis for predicting the need for bacterially induced| 2004 Modeling; Criteria; EPA 2007 Experts Workshop | http://www.epa.gov/waterscience/criteria/rec
beach closures: Emergence of a paradigm? Water Research 39(20): 4953-4960. Chapter 6 reation/experts/chapter06.pdf
Ong, C, W. Moorehead, A. Ross, and J. Isaac-Renton. 1996. Studies of Giardia 1996 Drinking Water; Monitoring Awwarf
spp. and Cryptosporidium spp. in Two Adjacent Watersheds. Applied and
Environmental Microbiology, 62(8): 2798-2805.
Canada Stormwater Management Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Ontario Ministry of the Environment (OME). Rideau River Stormwater Management ntalDesignFieldSampling/MainEDFS.html
Study . Toronto, Ontario. 1983. 1983
Canada Stormwater Treatment Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Ontario Ministry of the Environment. Physical-Chemical Treatment and Disinfection ntalDesignFieldSampling/MainEDFS.html
of Stormwater. Project No. 72- 1-22. 1982. 1982
Pennsylvania |Avian Effects on Water Quality Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Oplinger, C.S. Waterfowl Populations and Water Quality Relationships in the ntalDesignFieldSampling/MainEDFS.html
Allentown Park System. City of Allentown, Pa. Oct. 1977. 1977
Oppenheimer, J.A., E.M. Aieta, R.R. Trussell, J.G. Jacangelo, and I.N. Najm. undated TMDL EPA Pathogen TMDL Guidance
Evaluation of Cryptosporidium Inactivation in Natural Waters . 1P- 5C-90797-7/00-
CM. American Water Works Association, Denver, CO.
Ormsbee, L. and Viswanathan, C. 2008. Pathogen TMDL Development in Karst 2008 TMDL; Pathogen World Environment & Water
Watersheds Challenges and Solutions. Presented at 2008 World Environmental & Resources Congress
Water Resources Congress. Honolulu, HI.
Osawa, S; Furuse, K; Watanabe, I. 1981. Distribution of ribonucleic acid 1981 Pathogen Indicators; EPA 2007 Experts Workshop | http://www.epa.gov/waterscience/criteria/rec
coliphages in animals. Applied and Environmental Microbiology 41: 164-168. Chapter 2 reation/experts/chapter02.pdf
Oshiro, R. and R. Fujioka. 1995. Sand, soil, and pigeon droppings: sources of 1995 [Hawaii Avian Sources; Bacteria EPA Pathogen TMDL Guidance
indicator bacteria in the waters of Hanauma Bay, Oahu, Hawaii. Water Science
Technology 31(5-6):251-254.
Overcash, M.R. and J.M. Davidson. 1980. Environmental Impact of Nonpoint 1980 Nonpoint Sources; Water EPA Pathogen TMDL Guidance
Source Pollution. Ann Arbor Science Publishers, Inc., Ann Arbor, MI. Pollution
Parker, G., 2000. Stormwater and Mainstem Loads of Bacteria, Nutrients, and 2000 |Massachusetts [Drinking Water; Monitoring Awwarf
Selected Metals, Lower Charles River Watershed, Massachusetts. Massachusetts
and Rhode Island U.S. Geological Survey Publication MA154.
Payment, PR; Hunter, PR. 2001. Endemic and epidemic infectious intestinal 2001 Acceptable Risk; EPA 2007 Experts Workshop  [http://www.epa.gov/waterscience/criteria/rec
disease and its relation to drinking water. Pp. 61-88 in: Fewtrell, L; Bartram, J (eds) Chapter 5 reation/experts/chapter05.pdf
Water Quality Guidelines, Standards and Health. Risk Assessment and
Management for Water-related Infectious Disease. London: IWA Publishing.
Payne, J.F., A.E.J. Morris, P.Beers. 1999. Note: Evaluation of Selective Media for 1999 Drinking Water; Monitoring Awwarf
the Enumeration of Bifidobacterium sp. in Milk. Journal of Applied Microbiology, 86
(2): 353-358.
Peeler, KA; Opsahl, SP; Chanton, JP. 2006. Tracking anthropogenic inputs using 2006 Pathogen Indicators; EPA 2007 Experts Workshop  [http://www.epa.gov/waterscience/criteria/rec
caffeine, indicator bacteria, and nutrients in rural freshwater and urban marine Chapter 2 reation/experts/chapter02.pdf
systems. Environmental Science and Technology 40(24): 7616-7622.
Pelley, J. 1998. DNA fingerprinting holds promise for identifying nonpoint sources of[ 1998 Identification; Pollution EPA Pathogen TMDL Guidance
pollution. Environmental Science and Technology . 32(21):486A.
Pepper, I.L., C.P. Gerba, and J.W. Brendecke. 1995. Environmental microbiology: 1995 TMDL EPA Pathogen TMDL Guidance
A laboratory manual. Academic Press, San Diego, CA.
Perez, P.F., Y.I. Minnaard, E.A. Disalvo, and G. L. de Antoni. 1998. Surface 1998 Drinking Water; Monitoring Awwarf
Properties of Bifidobacteria Strains of Human Origin. Applied and Environmental
Microbiology , 64: 21-26.
Pert Ministerio de Salud. Modificaciones a los Articulos 81 y 82 Reglamento de los Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Titulos I, Iy Il de la Ley General de Aguas. Decreto Supremo No 007-83-SA, ntalDesignFieldSampling/MainEDFS.html
Per(. 1983. 81 1983
Peterson, T. 2008. Comparison of Methods to Caculate TMDLs for E. coli: Load 2008 Coliform Bacteria; TMDL World Environment & Water
Duration Curves, Mass Balance, and HSPF. Presented at 2008 World Resources Congress
Environmental & Water Resources Congress. Honolulu, HI.
Pfister, M. 2007. Earth 911 and SwimCast for Lake County, IL Beaches. Website. | 2007 |lllinois Modeling; Criteria; EPA 2007 Experts Workshop http://www.epa.qgov/waterscience/criteria/rec |http://www.earth911.org/waterquality/default.asp?
Chapter 6 reation/experts/chapter06.pdf beach_id=8488&cluster=17
Canada Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Pitt, R. and J. McLean. Humber River Pilot Watershed Project, Ontario Ministry of ntalDesignFieldSampling/MainEDFS.html
the Environment, Toronto, Canada. 483 pgs. June 1986. 1986
Pitt, R. and M. Bozeman. Lake Merritt Management Plan. City of Oakland, Ca. May California Urban Runoff Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
1979. Pitt, R. and M. Bozeman. Sources of Urban Runoff Pollution and Its Effects ntalDesignFieldSampling/MainEDFS.html
on an Urban Creek, EPA-600/S2-82- 090, PB 83-111-021. U.S. Environmental
Protection Agency, Cincinnati, Ohio. 142 pgs. 1982. 1982
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Pitt, R. Characterizing and Controlling Urban Runoff through Street and Sewerage Urban Runoff Pitt http:/unix.eng.ua.edu/~rpitt/Class/Experime
Cleaning . U.S. Environmental Protection Agency, Storm and Combined Sewer ntalDesignFieldSampling/MainEDFS.html
Program, Risk Reduction Engineering Laboratory. EPA/600/S2-85/038. PB 85-
186500. Cincinnati, Ohio. 467 pgs. June 1985. 1985
Pitt, R. Urban Bacteria Sources and Control in the Lower Rideau River Watershed, Canada Bacteria Sources Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Ottawa, Ontario, Ontario Ministry of the Environment, ISBN 0-7743-8487-5. 165 ntalDesignFieldSampling/MainEDFS.html
pgs. 1983. 1983
Pitt, R., M. Lalor, J. Harper, and C. Nix. “Potential new tools for indicating Urban Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
inappropriate dry weather discharges to storm drainage systems.” Tools for Urban ntalDesignFieldSampling/MainEDFS.html
‘Water Resource Management & Protection . Chicago Botanic Garden, U.S. EPA,
and Northeastern lllinois Planning Commission. Feb. 7-10, 2000. 2000
Pitt, R., M. Lalor, R. Field, D.D. Adrian, and D. Barbe’. A User's Guide for the Stormwater; Assessment Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Assessment of Non-Stormwater Discharges into Separate Storm Drainage ntalDesignFieldSampling/MainEDFS.html
Systems. U.S. Environmental Protection Agency, Storm and Combined Sewer
Program, Risk Reduction Engineering Laboratory. EPA/600/R-92/238. PB93-
131472. Cincinnati, Ohio. 87 pgs. January 1993. 1993
Pitt, R., Maestre, A. and R. Morquecho. 2008. National Stormwater Quality 2008 |U.S. Stormwater; Pitt http://rpitt.eng.ua.edu/Research/ms4/Paper/ |http:/rpitt.eng.ua.edu/Research/ms4/Paper/Main
Database, (latest version) Mainms4paper.html msdpaper.html
Groundwater Contamination; Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Pitt, R., S. Clark, K. Parmer, and R. Field. Groundwater Contamination from Stormwater ntalDesignFieldSampling/MainEDFS.html
Stormwater Infiltration. Ann Arbor Press. Chelsea, Michigan. 218 pages. 1996. 1996
Pitt, R.E., and P. Bissonnette. Bellevue Urban Runoff Program, Summary Report . Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
PB84 237213. Water Planning Division, U.S. Environmental Protection Agency, ntalDesignFieldSampling/MainEDFS.html
Washington, D.C., December 1983. 1983
Pitt, R; Chaturvedula, S; Karri, V; Nara, Yukio. Source Verification of Inappropriate | undated |U.S. Source Identification; Pitt http://www.cwp.org/IDDE/Source_Verification_of
Discharges to Storm Drainage Systems. Inappropriate_Discharges.pdf
Pitt, Robert; Center for Watershed Protection. Oct. 2004. lllicit Discharge 2004 |U.S. Sorce Identification; Illict Pitt http://www.cwp.org/IDDE/IDDE%20Manual_10-
Detection and Elimination: A Guidance Manual for Program Development and Discharge Detection/Elimination; 05_release.pdf
Technical Assessments.
Stormwater Treatment Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Pontius, F.W. Characterization and Treatment of Stormwater Runoff. NTIS No. PB- ntalDesignFieldSampling/MainEDFS.html
287 576/3SL. 1977. 1977
Potter, W.R., and M.W. Gilliland. 1988. Bacterial Pollution in Runoff from 1988 Drinking Water; Monitoring Awwarf
Agricultural Lands. Journal of Environmental Quality, 17 (1): 27-34.
Pruess, A. 1998. Review of epidemiological studies on health effects from exposure| 1998 Recreational Water EPA Pathogen TMDL Guidance
to recreational water. International Journal of Epidemiology . 27:1-9.
Priss, A. 1998. Review of epidemiological studies on health effects from exposure 1983 |U.S. Criteria Development; EPA 2007 Experts Workshop  [http://www.epa.gov/waterscience/criteria/rec
to recreational water. International Journal of Epidemiology 27(1): 1-9. USEPA Chapter 1 reation/experts/chapter01.pdf
(U.S. Environmental Protection Agency). 1983. Health Effects Criteria for Marine
Recreational Waters. EPA-600/1-80-031. Cincinnati, OH: USEPA.
Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Puerto Rico Junta de Calidad Ambiental (JCA). Reglamento de Estandares de ntalDesignFieldSampling/MainEDFS.html
Calidad de Agua, 28 de febrero de 1983. 1983. 1983
Qureshi, A.A. and B.J. Dutka. “Microbiological studies on the quality of urban Urban Stormwater; Micobial Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
stormwater runoff in southern Ontario, Canada.” Water Research 13:977-985. ntalDesignFieldSampling/MainEDFS.html
1979. 1979
Reckhow, H.H. and S.C. Chapra. 1983. Engineering approaches for lake 1983 Lake Management EPA Pathogen TMDL Guidance
management. Vol. 1: Data analysis and empirical modeling . Butterworths
Publishing, Boston, MA. 340pp.
Reddy, K.R., R. Khaleel, and M.R. Overcash. 1981. Behavior and transport of 1981 Microbial Pathogens; Soil EPA Pathogen TMDL Guidance
microbial pathogens and indicator organisms in soils teated with organic wastes.
Journal of Environmental Quality 10(3):255-265.
Rees, P.L.S., R. Baker, S.C. Long, P.K. Barten. 2005. Transport of Cryptosporidium| 2005 [Massachusetts |Drinking Water; Monitoring Awwarf
and Giardia in Massachusetts Watersheds During Storm Events. In Managing
‘Watersheds for Human and Natural Impacts: Engineering, Ecological, and
Economic Challenges . Williamsburg, Virginia: ASCE.
Canada Pollution Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Regional Municipality of Ottawa-Carleton. Report on Pollution Investigation and ntalDesignFieldSampling/MainEDFS.html
Abatement. Ottawa, Ontario. Sept. 1972. 1972
1981 Drinking Water; Monitoring Awwarf
Resnick, I.G. and M.A. Levin. 1981. Assessment of Bifidobacteria as Indicators of
Human Fecal Pollution. Applied and Environmental Microbiology, 42 (3): 433-438.
'Water Management; Urban Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Resnick, S. and K.J. Decook. Hydrological and Environmental Controls on Water ntalDesignFieldSampling/MainEDFS.html
Management in Semiarid Urban Areas. NTIS No. PB 81-109704. 1980. 1980
Rideau River Stormwater Management Study. Bacteriological Data at Beaches, Canada Recreational Water Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
1976-1980. Rideau River Stormwater Management Study, Ottawa, and the Ontario ntalDesignFieldSampling/MainEDFS.html
Ministry of the Environment, Kingston, Ontario. 1981. 1981
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LeChevallier. 1999. Giardia Cyst and Cryptosporidium oocysts Survival in
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Rifai, H. 2006. Study on the Effectiveness of BMPs to Control Bacteria Loads, 2006 |Texas BMP; Stormwater WWE http://www.tceq.state.tx.us/assets/public/imp
Final Quarterly Report No. 1 lementation/water/tmdl/22buffalobayou/22-
bmp-gimar06.pdf
Rijal, G.K., and R.S. Fujioka. 2001. Synergistic Effect of Solar Radiation and Solar 2001 Drinking Water; Monitoring; Awwarf
Heating to Disinfect Drinking Water Sources. Water Science and Technology, 43 Treatment
(12): 155-162.
1972 Drinking Water; Monitoring; Awwarf
Robbins, J.W.D., D.H. Howells, and G.U. Kriz. 1972. Stream Pollution from Animal Agriculture
Production units. Journal of Water Pollution Control Federation, 44 (8): 1536-1544.
Roberson, J.A., J.J. Cassidy, and M.H. Chaudhry. 1998. Hydraulic Engineering . 1998 Drinking Water; Monitoring Awwarf
Second Edition. New York: John Wiley & Sons, Inc.
Roberston, L.J., A.T. Campbell, and H.V. Smith. 1992. Survival of Cryptosporidium 1992 Drinking Water; Monitoring; Awwarf
parvum Oocysts under Various Environmental Pressures. Applied and Cryptosporidium
Environmental Microbiology, 58(11): 3494-3500.
Robertson J.B. and S.C. Edberg. 1997. Natural Protection of Spring and Well 1997 Drinking Water; Monitoring Awwarf
Drinking Water Against Microbial Contamination. Critical Reviews in Microbiology,
23(2): 143-178.
Roll, BM; Fujioka, RS. 1997. Sources of faecal indicator bacteria in brackish, 1997 [Coastal/Great [Pathogen Indicators; EPA 2007 Experts Workshop | http://www.epa.gov/waterscience/criteria/rec
tropical stream and their impact on recreational water quality. Water Science and Lakes/Beaches Chapter 2; EPA Pathogen TMDL [reation/experts/chapter02.pdf
Technology 35(11): 179-186. Guidance, Awwarf
Rollins, D.M., and R.R. Colwell. 1986. Viable but nonculturable stage of 1986 Micrbiology EPA Pathogen TMDL Guidance
Campylobacter jejuni and its role in survival in the natural aquatic environment.
Applied Environmental Microbiology 52:531- .
Roper, M.M. and K.C. Marshall. 1979. Effects of salinity on sedimentation and of 1979 Estuary Microbiology EPA Pathogen TMDL Guidance
particulates on survival of bacteria in estuarine habitats. Geomicrobiology Journal .
1(2):103-116.
Rose, J.B. 1988. Occurrence and Significance of Cryptosporidium in Water. 1988 Drinking Water; Monitoring Awwarf
Journal of the American Water Works Association, 80 (2): 53.
Rose, J.B. 1993. Tampa Water Resource Recovery Pilot Project Microbiological 1993 (Florida Drinking Water; Monitoring Awwarf
Evaluation in Tampa Water Resource Recovery Project Pilot Studies. Final Report
to the City of Tampa. Tampa: CH2M Hill.
1997 |Florida Drinking Water; Monitoring Awwarf
Rose, J.B. and E.K. Lipp. 1997. A study on the Presence of Human Viruses in
Surface Waters of Sarasota County. St. Petersburg, FL: University of South Florida.
Rose, J.B., C.P. Gerba, and W. Jakubowski. “Survey of potable water supplies for Drinking Water; Monitoring Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Cryptosporidium and Giardia.” Environmental Science & Technology . Vol. 25, No. ntalDesignFieldSampling/MainEDFS.html
8. Pp. 1393 - . 1991. 1991
Rose, J.B., C.P. Gerba, S.N. Singh, G.A. Toranzos, and B. Keswick. 1986. Isolation | 1986 Drinking Water; Monitoring Awwarf
of Entero and Rotaviruses from a Drinking Water Facility. Journal of the American
Water Works Association, 78: 56-61.
Rose, J.B., S. Kayes, M.S. Madore, C.P. Gerba, M.J. Arrowood, C.R. Sterling, and 1988 Drinking Water; Monitoring EPA Pathogen TMDL Guidance,
J.L. Riggs. 1988. Methods for the recovery of Giardia and Cryptosporidium from Awwarf
environmental waters and their comparative occurrence. In Advances in Giardia
research, P.M. Wallis and B.R. Hammond (eds.), pp. 205-209. University of
Calgary Press.
Rosen, J.S., et al. “Development and analysis of a national protozoa database.” Protozoa Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Proceedings of the 1996 American Water Works Association Water Quality ntalDesignFieldSampling/MainEDFS.html
Technical Conference . Boston, MA. 1996. 1996
Roser, DJ; Ashbolt, NJ. 2007. Source Water Quality Assessment and the 2007 Pathogen Indicators; EPA 2007 Experts Workshop  [http://www.epa.gov/waterscience/criteria/rec
Management of Pathogens in Surface Catchments and Aquifers. Research Report Chapter 2 reation/experts/chapter02.pdf
29. CRC for Water Quality and Treatment, Bolivar.
Rowbotham, T.J., T. Cross. 1977a. Rhodococcus coprophilus sp. nov.: An 1977 Drinking Water; Monitoring Awwarf
Anaerobic Nocardioform Actinomycete Belonging to the ‘rhodochrous’ Complex.
Journal of General Microbiology, 100 (May): 123-138.
Rowbotham, T.J., T. Cross. 1977b. Ecology of Rhodococcus coprophilus and 1977 Drinking Water; Monitoring Awwarf
Associated Actinomycetes in Fresh Water and Agricultural Habitats. Journal of
General Microbiology, 100 (Jun): 231-240.
Russell, Phil. 2008. E. coli Stream Standards; An Unrealistic Goal? Submitted for 2008 |Colorado Stream; Natural Sources; South Platte WWE (provided by Phil Russell)
Conference (need more information) Criteria;
Water Quality Standards Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Salas, H.J. History and Application of Microbiological Water Quality Standards in ntalDesignFieldSampling/MainEDFS.html
the Marine Environment. CEPIS/PAHO, Lima, Peru. 1998. 1998
Pollution; Street Surface Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Sartor J. and G. Boyd. Water Pollution Aspects of Street Surface Contaminants . ntalDesignFieldSampling/MainEDFS.html
EPA-R2-72-081, U.S. Environmental Protection Agency, November 1972. 1972
Sattar SA, C. Chauret, VS Springthorpe, D Battigelli, Morteza Abbaszadegan and M| 1999 Drinking Water; Monitoring Awwarf
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1994 Drinking Water; Monitoring Awwarf

Sawyer, C.N., P.L., McCarty, and G.F. Parkin. 1994. Chemistry for Environmental
Engineering, 4th Edition. New York, New York: McGraw-Hill, Inc.

Sayler, G.S., J.D. Nelson. Jr., A. Justice, and R.R. Colwell. 1975. Distribution and 1975 [Maryland Drinking Water; Monitoring Awwarf
Significance of Fecal Indicator Organisms in the Upper Chesapeake Bay. Applied
Microbiology, 30 (4): 625-638.

Scardovi, V. 1981. The Genus Bifidobacterium, In The Prokaryotes: a Handbook 1981 Drinking Water; Monitoring Awwarf
on Habitats, Isolation, and Identification of Bacteria, Vol II, Edited by M.P. Starr,
M.P., Berlin, West Germany: Springer-Verlag.

SCCWRP (Southern California Coastal Water Research Project). 2007. Beta 2007 |Coastal/Great [Methods; EPA 2007 Experts Workshop | http://www.epa.gov/waterscience/criteria/rec |ftp:/ftp.sccwrp.org/pub/download/PDFs/506_beta
Testing of Rapid Methods for Measuring Beach Water Quality. Technical Report Lakes/Beaches Chapter 3 reation/experts/chapter03.pdf testing.pdf
506.

Scherer, B.M., J.R. Miner, J.A. Moore, and J.C. Buckhouse. 1992. Indicator 1992 Drinking Water; Monitoring Awwarf

Bacterial Survival in Stream Sediments. Journal of Environmental Quality, 21 (4):

591-595.

Schillinger, J.E. and D.G. Stuart. Quantification of Non-Point Water Pollutants from Nonpoint Sources; Water Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime

Logging, Cattle Grazing, Mining, and Subdivision Activities. NTIS No. PB 80- Pollution ntalDesignFieldSampling/MainEDFS.html

174063. 1978. 1978

Schillinger, J.E. and J.J. Gannon. 1982. Coliform attachment to suspended 1982 Coliform; Stormwater EPA Pathogen TMDL Guidance

particles in stormwater . The University of Michigan, Ann Arbor, MI.

Schueler, T and H. Holland. 2000. “Microbes and Urban Watersheds: Ways to Kill | 2000 |U.S. Urban Sources; Treatment; WWE

m,” in The Practice of Watershed Protection. The Center for Watershed
Protection: Ellicott City, MD.
Schueler, T and H. Holland. 2000. “Microbes and Urban Watersheds: 2000 |U.S. Urban Sources; WWE
Concentrations, Sources and Pathways,” in The Practice of Watershed Protection .
The Center for Watershed Protection: Ellicott City, MD.
Schueler, T and H. Holland. 2000. “Microbes in Urban Watersheds: Implications 2000 |U.S. Urban Sources; Management; WWE
for Watershed Managers” in The Practice of Watershed Protection. The Center for
Watershed Protection: Ellicott City, MD.

Schueler, T. and H. Holland. 2000. The Practice of Watershed Protection. Ellicott [ 2000 [U.S. General; WWE

City, MD.

Seidler, R.J. Point and Non-Point Pollution Influencing Water Quality in a Rural Point; Nonpoint; Pollution Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Housing Community. US Dept of Interior, Office of Water Res. and Tech. Projects. ntalDesignFieldSampling/MainEDFS.html
A-045. Nov. 1979. 1979

Senus, D.A. 2002. Master’s project, Data Analysis in Support of Event Based 2002 Drinking Water; Monitoring Awwarf

Contamination Transport, Department of Civil and Environmental Engineering,
University of Massachusetts, Amherst, Massachusetts.

California Urban Stormwater Quality Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Setmire, J.G. and W.L. Bradford. Quality of Urban Runoff, Tecolote Creek Drainage ntalDesignFieldSampling/MainEDFS.html
Area, San Diego County, Ca. NTIS No. PB 81-159451. 1980. 1980
Seurinck, S; Verdievel, M; Verstraete, W; Siciliano, SD. 2006. ldentification of 2006 |Coastal/Great |Pathogen Indicators; EPA 2007 Experts Workshop http://www.epa.qgov/waterscience/criteria/rec
human fecal pollution sources in a coastal area: A case study at Oostende Lakes/Beaches Chapter 2 reation/experts/chapter02.pdf
(Belgium). Journal of Water and Health 4(2): 167-175.
Sexton, L., T. Pass and R. Wright. 1995. The Prevelance of Giardia and 1995 [Kentucky Drinking Water; Monitoring Awwarf
Cryptosporidium in Eastern Kentucky Water Supplies. University of Kentucky —
Kentucky Water Resources Research Intitute.

Recreational Water Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime

Seyfried, P.L., R.S. Tobin, N.E. Brown, and P.F. Ness. “A prospective study of ntalDesignFieldSampling/MainEDFS.html

swimming-related illness, Il Morbidity and the microbiological quality of water.”
American Journal of Public Health. Vol. 75, no. 9, pp. 1071-1075. September 1985. | 1985
Shelton, L.R., 1994. Field Guide for collecting and processing stream-water 1994 Drinking Water; Monitoring Awwarf
samples for the national water-quality assessment program . U.S. Geological

Survey Open-File Report 94- 455, Washington, D.C.: U.S. Geological Survey.

1988 Drinking Water; Monitoring Awwarf
Sherer, B.M. 1988. Resuspending Organisms from a Rangeland Stream Bottom.
Transactions of the American Society of Agricultural Engineers, 31: 1217.

1992 Indicator Bacteria EPA Pathogen TMDL Guidance
Sherer, B.M., R. Miner, J.A. Moore, and J.C. Buckhouse. 1992. Indicator bacteria
survival in stream sediments. Journal of Environmental Quality 21:591- 595.
Shergill, S; Pitt, R. Quantification of Escherichia Coli and Enterococci Levels In undated |U.S. Stormwater; Measurement; WWE http://www.cwp.org/IDDE/Wet_weather E_coli_a
Wet Weather and Dry Weather Flows. nd_entero.pdf

Sherwood, D., K.W. Angus, D.R. Snodgrass, and S. Tzipori. 1982. Experimental 1982 Pathogen EPA Pathogen TMDL Guidance
cryptosporidiosis in laboratory mice. Infect. Immun . 38:471-475.
Siewicki, TC; Pullaro, T; Pan, W; McDaniel, S; Glenn, R; Stewart, J. 2007. Models| 2007 [Coastal/Great |Modeling; Criteria; Wildlife; EPA 2007 Experts Workshop http://www.epa.qgov/waterscience/criteria/rec
of total and presumed wildlife sources of fecal coliform bacteria in coastal ponds. Lakes/Beaches Chapter 6 reation/experts/chapter06.pdf

Journal of Environmental Management 82:120-132.
Sinton, L.W., R.K. Finlay, and D.J. Hannah. 1998. Distinguishing Human from 1998 [New Zealand Drinking Water; Monitoring Awwarf
Animal Fecal Contamination in Water: A Review. New Zealand Journal of Marine
and Freshwater Research, 32: 323-348.
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simulation models. Water Science Technology 24(2):309-314.
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Skinner, Q.D., J.C. Adams, P.A. Rechard, and A.A. Beetle. 1974. Effect of Summer| 1974 Drinking Water; Monitoring Awwarf
Use of a Mountain Watershed on Bacterial Water Quality. Journal of Environmental
Quality, 3 (4): 329-335.
SMBRP (Santa Monica Bay Restoration Project). An Epidemiological Study of California Recreational Water Pitt http:/unix.eng.ua.edu/~rpitt/Class/Experime
Possible Adverse Health Effects of Swimming in Santa Monica Bay . Santa Monica ntalDesignFieldSampling/MainEDFS.html
Bay Restoration Project. Monterey Park, CA. October 1996. 1996
Smith, E.M. and C.P. Gerba. 1982. Laboratory Methods for the Growth and 1982 Pathogens EPA Pathogen TMDL Guidance
Detection of Animal Viruses. In: Methods in Environmental Virology. (C.P. Gerba
and S.M. Goyal eds.). Marcel-Dekker, Inc. New York. Pp.15-47.
Smith, H.V. and Rose, J.B. 1998. Waterborne Cryptosporidiosis: Current Status, 1998 Drinking Water; Monitoring Awwarf
Parasitology Today, 14 (1): 14-22.
Smith, H.V., Robertson, L.J., Ongerth, J.E. 1995. Cryptosporidiosis and Giardiasis: | 1995 Drinking Water; Monitoring Awwarf
the Impact of Waterborne Transmission, AQUA, 44 (6): 258-274.
Avian Disease; Salmonella Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Snoeynbos, G.H., E.W. Morin, and D.K. Wetherbee. “Naturally occurring salmonella| ntalDesignFieldSampling/MainEDFS.html
in ‘blackbirds’ and gulls.” Avian Diseases . 11:642-646. 1967. 82 1967
Sobsey, M.D., D.A. Battigelli, T.R. Handzel and K.J. Schwab. 1995. Male-specific 1995 Drinking Water; Monitoring Awwarf
Coliphages as Indicators of Viral Contamination of Drinking Water. Denver, Colo.:
AwwaRF.
Sobsey, M.D., K.J. Schwab, and T.R. Handzel. 1990. A Simple Membrane Filter 1990 Drinking Water; Monitoring Awwarf
Method to Concentrate and Enumerate Male-Specific RNA Coliphages. Journal of
AWWA, Sept.: 52-59.
Sparrow, E.B., C.V. Davenport, and R.C. Gordon. “Identification of fecal indicator Fecal Bacteria; River Pitt http:/unix.eng.ua.edu/~rpitt/Class/Experime
bacteria persisting in an icecovered river.” In: Abstracts of the Annual Meeting of ntalDesignFieldSampling/MainEDFS.html
the Amer. Soc. for Microbiology . 1978. 1978
States, S., K. Stadterman, L. Ammon, P. Vogel, J. Baldizar, D. Wright, L. Conley, Protozoa Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
and J. Sykora. “Protozoa in river water: Sources, occurrence, and treatment.” ntalDesignFieldSampling/MainEDFS.html
Journal of the American Water Works Association . Vol. 89, No. 9, pp. 74 — 83.
September 1997. 1997
Bathing Water Quality Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Stevenson, A.H. “Studies of bathing water quality and health.” American Journal of ntalDesignFieldSampling/MainEDFS.html
Public Health . Vol. 43, pp. 529- 538. May 1953. 1953
Stewart, JR; Ellender, RD; Gooch, JA; Jiang, S; Myoda, SP; Weisberg, SB. 2003. 2003 Methods; EPA 2007 Experts Workshop http://www.epa.qgov/waterscience/criteria/rec
Recommendations for microbial source tracking: Lessons learned from a methods Chapter 3 reation/experts/chapter03.pdf
comparison study. Journal of Water and Health 1: 225-31.
Stoeckel, DM; Harwood, VJ. 2007. Performance, design and analysis in microbial 2007 Methods; Microbial Source EPA 2007 Experts Workshop http://www.epa.qgov/waterscience/criteria/rec
source tracking studies. Applied and Environmental Microbiology 73(8): 2405-2415. Tracking; Chapter 3 reation/experts/chapter03.pdf
Stoeckel, DM; Mathes, MV; Hyer, KE; Hagedorn, C; Kator, H; Lukasik, J; O'Brien, 2004 Methods; EPA 2007 Experts Workshop http://www.epa.gov/waterscience/criteria/rec
TL; Fenger, TW; Samadpour, M; Strickler, KM; Wiggins, BA. 2004. Comparison of Chapter 3 reation/experts/chapter03.pdf
seven protocols to identify fecal contamination sources using Escherichia coli.
Environmental Science and Technology 38: 6109-6117.
Stormwater Panel, 2006. Storm Water Panel Recommendations to the California 2006 |California Stormwater; BMPs; WWE
State Water Resources Control Board on Feasibility of Numeric Effluent Limits
Applicable to Discharges of Storm Water Associated with Municipal, Industrial and
Construction Activities.
Strauch, D; Ballarini, G. 1994. Hygienic aspects of the production and agricultural 2006 Standards Implementation; EPA 2007 Experts Workshop  [http://www.epa.gov/waterscience/criteria/rec
use of animal wastes. Journal of Veterinary medicine Series B 41: 176-228. Agriculture; Chapter 7 reation/experts/chapter07.pdf
1990 Drinking Water; Monitoring Awwarf
Stukel, T.A., E.R. Greenberg, B.J. Dain, F.C. Reed, and N.J. Jacobs. 1990. A
Longitudinal Study of Rainfall and Coliform Contamination in Small Community
Drinking Water Supplies. Environmental Science and Technology. 24 (4): 571-575.
Stuntebeck, T.D., 1995. Evaluating Barnyard Best Management Practices in 1995 [Wisconsin Drinking Water; Monitoring Awwarf
Wisconsin Using Upstream-downstream Monitoring. U.S. Geological Survey Fact
Sheet FS-221-95, Washington, D.C.: U.S. Geological Survey.
Stuntebeck, T.D., and Bannerman, R.T., 1998. Effectiveness of Barnyard Best 1998 [Wisconsin Drinking Water; Monitoring Awwarf
Management Practices in Wisconsin. U. S. Geological Survey Fact Sheet FS-051-
98, Washington, D.C.: U.S. Geological Survey.
2000 Drinking Water; Monitoring Awwarf
Sun, L., D. Muller-Schwarze and B.A. Schulte. 2000. Dispersal Pattern and
Effective Population Size of the Beaver, Canadian Journal of Zoology, 78: 619-626.
Lake Management Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Sylvester, R.O. An Engineering and Ecological Study for the Rehabilitation of Green ntalDesignFieldSampling/MainEDFS.html
Lake. University of Washington. 1960. 1994
Teutsch, G.G., K. Herbold-Paschke, D. Tougianidou, T. Hahn, and K. Botzenhart. 1991 Modeling EPA Pathogen TMDL Guidance
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The Trust for Public Land and American Water Works Association (TPL/AWWA),
2001. Land Conservation and the Future of America’s Drinking Water, Protecting
the Source.

2001

us.

Source Water Protection;

WWE

Thomann, R.V., and J.A. Mueller. 1987. Principles of Surface Water Quality
Modeling and Control. Harper & Row, New York.

1987

Surface Water Quality

EPA Pathogen TMDL Guidance

Toranzos, G.A., and G.A. McFeters. 1997. Detection of Indicator Microorganisms in
Environmental Freshwaters and Drinking Waters. In Manual of Environmental
Microbiology, Edited by Hurst, Washington, D.C.: ASM Press.

1997

Drinking Water; Monitoring

Awwarf

Total Maximum Daily Load for the Rio Chamita from the Confluence of the Rio
Chama to the New Mexico- Colorado Border. Undated.

undated

New Mexico

TMDL

EPA Pathogen TMDL Guidance

Tsonis, S.P. 1992. Fecal coliform decay in hospital wastewater diluted with
. International Journal of Environmental Studies 42(4):281-286.

1992

Fecal Coliform; Wastwater

EPA Pathogen TMDL Guidance

Tunnicliff, B. and Brickler, S.K. 1984. Recreational Water Quality Analyses of the
Colorado River Corridor in the Grand Canyon. Applied Environmental Microbiology ,
48: 909-917.

1984

Drinking Water; Monitoring

Awwarf

Turner, S.J., Lewis, G.D. and Ballamy, A.R. 1997. Detection of sewage-derived
Escherichia coli in a rural stream using multiplex PCR and automated DNA
detection. Water Science Technology 35(11-12):337- 342.

1997

Colifrom Bacteria; Detection

EPA Pathogen TMDL Guidance

Tzipori, S. 1983. Cryptosporidiosis in animals and humans. Microbiol. Rev . 47(1):84
96. USEPA. Undated. TMDL Case Study Series .
<http://mww.epa.gov/OWOW/tmdl/case.html>.

1983

Pathogens

EPA Pathogen TMDL Guidance

Uruguay, Ministerio de Vivienda, Ordenamiento Territorial y Medio Ambiente,
Direcci In Nacional de Medio Ambiente (DINAMA) 1998 Reglamienta del Decreto.
Vol. 253, no. 79, Agua Clase 2b: aguas destinadas a recreacién por contacto
directo con el cuerpo. 1998.

1998

Stormwater

Pitt

http://unix.eng.ua.edu/~rpitt/Class/Experime
ntalDesignFieldSampling/MainEDFS.html

USEPA Region Ill. 1998. Total Maximum Daily Load for Fecal Coliform, Lost River,
West Virginia.

1998

West Virginia

TMDL; Coliform

EPA Pathogen TMDL Guidance

USEPA, 2007. An Approach for Using Load Duration Curves in the Development of
TMDLs.

2007

u.s.

TMDL; Flow

WWE

http://www.epa.gov/owowwtrl/TMDL/duration_cu

rve guide_aug2007.pdf

USEPA. 1968. Water Quality Criteria; Report of the National Technical Advisory
Committee to the Secretary of the Interior . Federal Water Pollution Control
Administration, Washington, DC.

1968

\Water Quality Standards

EPA Pathogen TMDL Guidance

USEPA. 1976. Quality Criteria for Water . U.S. Environmental Protection Agency,
'Washington, DC.

1976

Water Quality Standards

EPA Pathogen TMDL Guidance

USEPA. 1978. Microbiological Methods for Monitoring the Environment: Water and
Wastes . EPA600/8-78-017. U.S. Environmental Protection Agency, Washington,
DC. NTIS PB290329.

1978

Water Monitoring

EPA Pathogen TMDL Guidance

USEPA. 1983. Results of the Nationwide Urban Runoff Program . NTISPB84-
185552. U.S. Environmental Protection Agency, Water Planning Division.

1983

TMDL

EPA Pathogen TMDL Guidance

USEPA. 1984. Health Effects Criteria for Fresh Recreational Waters. EPA-600-1-84
004. Cincinnati, OH: USEPA.

1984

u.s.

Criteria Development;

EPA 2007 Experts Workshop
Chapter 1

USEPA. 1984. Manual of Methods for Virology . EPA600/4-84-013. U.S.
Environmental Protection Agency, Washington, DC.

1984

Pathogens

EPA Pathogen TMDL Guidance

http://www.epa.gov/watersciencel/criteria/rec
reation/experts/chapter01.pdf

USEPA. 1984. Test Methods for Evaluating Solid Waste: Physical/Chemical
Methods . EPASW-846. U.S. Environmental Protection Agency, Washington, DC.

1984

TMDL

EPA Pathogen TMDL Guidance

USEPA. 1985. Test methods for Escherichia coli and Enterococci in water by the
membrane filter procedure . EPA600/4-85-076. U.S. Environmental Protection
Agency, Washington, DC. NTIS PB86-158052.

1985

TMDL

EPA Pathogen TMDL Guidance

USEPA. 1986. Ambient Water Quality Criteria for Bacteria — 1986. EPA440/5-84-
002. Washington, DC: USEPA.

1986

Pathogen Indicators; Criteria;
Modeling; Acceptable Risk;
Standards Implementation;
Methods; Human Health Risk

USEPA. 1988. Technical Guidance on Supplementary Stream Design Conditions
for Steady State Modeling. Technical Guidance Manual for Performing Waste Load
Allocations, Book VI, Chapter 2. U.S. Environmental Protection Agency, Office of
Water, Washington, DC.

1988

EPA 2007 Experts Workshop
Chapter 1, 2, 3, 4,5,6 and 7

http://www.epa.gov/waterscience/criteria/rec
reation/experts/chapter02.pdf

http://www.epa.gov/waterscience/beaches/files/1

986crit.pdf

TMDL

EPA Pathogen TMDL Guidance

USEPA. 1991. Guidance for water quality-based decisions: The TMDL process.
EPA 440/4-91-001. Assessment and Watershed Protection Division, Office of
Wetlands, Oceans, and Watersheds, Office of Water, U.S. Environmental
Protection Agency, Washington, DC.

1991

TMDL

EPA Pathogen TMDL Guidance

USEPA. 1991. Technical support document for water quality-based toxics control.
EPA/505/2-90-001. Office of Water, U.S. Environmental Protection Agency,
'Washington, DC.

1991

TMDL

EPA Pathogen TMDL Guidance

USEPA. 1992. A quick reference guide: Developing nonpoint source load
allocations for TMDLs . EPA 841- B-92-001. U.S. Environmental Protection Agency.

1992

TMDL

EPA Pathogen TMDL Guidance

USEPA. 1992. Monitoring guidance for the National Estuary Program . EPA 842 B-
92-004. U.S. Environmental Protection Agency, Washington, DC.

1992

TMDL

EPA Pathogen TMDL Guidance
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Hyperlink

USEPA. 1992c. Use of microbial risk assessment in setting U.S. drinking water
standards. EPA 811/S-92- 001. U.S. Environmental Protection Agency, Office of
Water, Washington, DC.

1992

Drinking Water; Microbial
Pathogen

EPA Pathogen TMDL Guidance

USEPA. 1993. Cryptosporidium: Drinking water health advisory . 822-K-94-001.
U.S. Environmental Protection Agency, Office of Water, Office of Science and
Technology, Health and Ecological Criteria Division, Washington, DC.

1993

Drinking Water; Microbial
Pathogen

EPA Pathogen TMDL Guidance

USEPA. 1993a. Guidance specifying management measures for sources of
nonpoint pollution in coastal w aters. EPA 840-B-92-002. U.S. Environmental
Protection Agency, Office of Water, Washington, DC.

1993

Nonpoint Source Pollution

EPA Pathogen TMDL Guidance

USEPA. 1994. Combined Sewer Overflow (CSO) Control Policy; Notice Part VII.
U.S. Environmental Protection Agency, Office of Wastewater Enforcement and
Compliance. Fed. Regist. , April 19, 1994, 59:18688-18698.

1994

Sewer Overflow

EPA Pathogen TMDL Guidance

USEPA. 1994. EPA requirements for quality assurance project plans for
environmental data operations. EPA QA/R-5. U.S. Environmental Protection
Agency, Quality Assurance Management Staff, Washington, DC. Draft Interim
Final, August 1994.

1994

Monitoring

EPA Pathogen TMDL Guidance

USEPA. 1994. Guidance for the data quality objectives process. EPA QA/G-4.
EPA/600/R-96/055. U.S. Environmental Protection Agency, Office of Research and
Development, Washington, DC.

1994

Monitoring

EPA Pathogen TMDL Guidance

USEPA. 1994a. Guidelines for deriving site-specific water quality criteria for the
protection of aquatic life and its uses. Chapter 4, Water Quality Standards
Handbook. U.S. Environmental Protection Agency, Office of Water Regulations and
Standards, Washington, DC.

1994

Water Quality Standards

EPA Pathogen TMDL Guidance

USEPA. 1995. National water quality inventory: 1994 report to Congress . EPA 841-
R-95-005. U.S. Environmental Protection Agency, Office of Water, Washington,
DC. December, 1995.

1995

Water Quality

EPA Pathogen TMDL Guidance

USEPA. 1995. Watershed protection: A project focus . EPA 841-R-95-003. U.S.
Environmental Protection Agency, Office of Water, Washington, DC.

1995

Watershed Management

EPA Pathogen TMDL Guidance

USEPA. 1995b. Watershed protection: A statewide approach. EPA 841-R-95-001.
U.S. Environmental Protection Agency, Office of Water, Washington, DC.

1995

Watershed Management

EPA Pathogen TMDL Guidance

USEPA. 1996. (in press). Dynamic toxics wasteload allocation model (DYNTOX),
version 2.1, user's manual. U.S. Environmental Agency, Office of Science and
Technology, Washington, DC.

1996

Wasteload

EPA Pathogen TMDL Guidance

USEPA. 1996. Environmental Indicators of Water Quality in the United States. EPA
841-R-96- 002. Washington, D.C.: U.S. Environmental Protection Agency.

1996

u.s.

Drinking Water; Monitoring

Awwarf

USEPA. 1996. ICR microbial laboratory manual. EPA 600-R-95-178. U.S.
Environmental Protection Agency, Office of Research and Development,
'Washington, DC.

1996

TMDL

EPA Pathogen TMDL Guidance

USEPA. 1996. Nonpoint source monitoring and evaluation guide . Draft Final,
November 1996. U.S. Environmental Protection Agency, Office of Water,
'Washington, DC.

1996

Nonpoint Source Pollution

EPA Pathogen TMDL Guidance

USEPA. 1996. TMDL development cost estimates: Case studies of 14 TMDLs . EPA
R-96-001. U.S. Environmental Protection Agency, Office of Water, Washington,
D.C.

1996

TMDL

EPA Pathogen TMDL Guidance

USEPA. 1997. Compendium of tools for watershed assessment and TMDL
development. EPA841-B-97- 006. U.S. Environmental Protection Agency, Office of
Water, Washington, DC.

1997

TMDL; Watershed

EPA Pathogen TMDL Guidance

USEPA. 1997. New policies for establishing and implementing Total Maximum
Daily Loads (TMDLs). U.S. Environmental Protection Agency, Washington, DC.
<http://www.epa.gov/owow/tmdl/policy.html>

1997

TMDL

EPA Pathogen TMDL Guidance

USEPA. 1998. Bacterial water quality standards status report. EPA 823-R-98-003.
U.S. Environmental Protection Agency, Office of Water, Washington, DC.

1998

Bacterial Water Quality Criteria

EPA Pathogen TMDL Guidance

USEPA. 1999. Preliminary Data Summary of Urban Stormwater Best Management
Practices. EPA-821-R-99-012.

1999

us.

Stormwater; BMPs

WWE

USEPA. 1999. Protecting Sources of Drinking Water: Selected Case Studies in
Watershed management .

1999

u.s.

Source Water Protection

WWE

USEPA. 1999. Draft guidance for water quality-based decisions: The TMDL
process (second edition) . EPA 841-D-99-001. U.S. Environmental Protection
Agency, Washington, DC. <http://www.epa.gov/owow/tmdl/proprule.html>

1999

TMDL; Water quality

EPA Pathogen TMDL Guidance

USEPA. 1999. Method 1623: Cryptosporidium and Giardia in Water by
Filtration/IMS/FA . EPA-821-R-99-006, Washington, D.C.: U.S. Environmental
Protection Agency.

1999

Drinking Water; Monitoring

Awwarf

USEPA. 2000. EPA Review and Approval of State and Tribal Water Quality
Standards . EPA 823-F-00-006. U.S. Environmental Protection Agency, Office of
Water, Washington, DC.

2000

Water Quality Standards

EPA Pathogen TMDL Guidance

USEPA. 2001. Protocol for Developing Pathogen TMDLs, First Edition, EPA 841-R-|
00-002.

2001

u.s.

TMDL; Guidance

WWE

http://www.epa.gov/owow/tmdl/pathogen_all.pdf

USEPA. 2002. National Beach Guidance and Required Performance Criteria for
Grants Appendix K: Predictive Tools. EPA-823-B-02-004. Washington, DC:

USEPA.

2002

Coastal/Great
Lakes/Beaches

Modeling; Criteria

EPA 2007 Experts Workshop
Chapter 6

http://www.epa.gov/waterscience/criteria/rec
reation/experts/chapter06.pdf
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Design and Construction of Urban Stormwater Management Systems. ASCE
Manual and Reports of Engineering Practice No. 77 and WEF Manual of Practice
FD-20. Alexandria, VA: Water Environment Federation.

Reference Year State Keywords Colorado Reference Reviewed/Cited By Original Document Reference Hyperlink
or Country Geographic (if reference taken from another source)
(if relevant) Location
(if applicable)
USEPA. 2002. U.S. Environmental Protection Agency, Safe Water Regulations and | 2002 Drinking Water; Monitoring Awwarf
Guidance, Longterm 1 Enhanced Drinking Water Treatment Rule [online].
Available: http://www.epa.gov/safewater. [June, 2005].
USEPA. 2003. EPA Microbiological Alternate Test Procedure (ATP) Protocol for 2003 |U.S. Methods EPA 2007 Experts Workshop  |http://www.epa.gov/waterscience/criteria/rec
Drinking Water, Ambient Water, and Wastewater Monitoring Methods — Guidance. Chapter 3 reation/experts/chapter03.pdf
EPA-821-B-03-004. Washington, DC: USEPA.
USEPA. 2004. “Removing Bacteria from Runoff,” Nonpoint Source News-Notes, 2004 |U.S. Stormwater; Treatment WWE
August, Issue #73.
USEPA. 2004. U.S. Environmental Protection Agencey, Safe Water Regulations 2004 Drinking Water; Monitoring Awwarf
and Guidance, Proposed Rules, Long Term 2 Enhanced Surface Water Treatment
Rule — Proposed Rule [online]. Available: http://www.epa.gov/safewater. [April,
2005]
USEPA. 2004. Water Quality Standards for Coastal and Great Lakes Recreation 2004 |Coastal/Great [Criteria Development; Pathogen EPA 2007 Experts Workshop | http://www.epa.gov/waterscience/criteria/rec
Waters Final Rule. Federal Register 69(220): 67217-67243. USEPA 2006. Water Lakes/Beaches |Indicators Chapters 1 and 2 reation/experts/chapter01.pdf
Quality Standards for Coastal Recreation Waters: Using Single Sample Maximum
Values in State Water Quality Standards. EPA-823-F-06-013. Washington, DC:
USEPA.
USGS (U.S. Geological Survey). 2007. Real-Time Water Data for the Nation. 2007 |U.S. Modeling; Criteria; Water Quality EPA 2007 Experts Workshop | http://www.epa.gov/waterscience/criteria/rec | http://waterdata.usgs.gov/nwis/rt
Website. Chapter 6 reation/experts/chapter06.pdf
Soil; Bacteria; Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Van Donsel, D.J., E.E. Geldreich, and N.A. Clarke. “Seasonal variations in survival ntalDesignFieldSampling/MainEDFS.html
of indicator bacteria in soil and their contribution to storm-water pollution.” Applied
Microbiology. 15,6:1362-1370. Nov. 1967. Venezuela. Reglamento parcial No. 4 de
la ley orgénica del ambiente sobre clasificacion de las aguas . Acioun. 1978. 1967
Vennard, J.K., and R. L. Street. 1982. Elementary Fluid Mechanics. Sixth Edition, 1982 Drinking Water; Monitoring Awwarf
New York, New York: John Wiley & Sons.
Vereen, E, Jr.; Lowrance, RR; Cole, DJ; Lipp, EK. 2007. Distribution and ecology 2007 Modeling; Criteria EPA 2007 Experts Workshop | http://www.epa.gov/waterscience/criteria/rec
of campylobacters in coastal plain streams (Georgia, United States of America). Chapter 6 reation/experts/chapter06.pdf
Applied and Environmental Microbiology 73: 1395-1403.
Wade, TJ; Calderon, RL; Sams, E; Beach, M; Brenner, KP; Williams, AH; Dufour, 2006 Criteria Development; Modeling EPA 2007 Experts Workshop | http://www.epa.gov/waterscience/criteria/rec
AP. 2006. Rapidly measured indicators of recreational water quality are predictive Chapters 1 and 6 reation/experts/chapter01.pdf
of swimming-associated gastrointestinal iliness. Environmental Health Perspectives
114(1): 24-28.
Wade, TJ; Pai, N; Eisenberg, JN; Colford, JM. 2003. Do U.S. Environmental 2003 Pathogen Indicators; Recreation EPA 2007 Experts Workshop http://www.epa.qgov/waterscience/criteria/rec
Protection Agency water quality guidelines for recreational waters prevent Chapter 2 reation/experts/chapter02.pdf
gastrointestinal illness? A systematic review and meta-analysis. Environmental
Health Perspectives 111(8): 1102-1109.
Walker Jr., F. Russell and J.R. Stedinger. 1999. Fate and Transport Model of 1999 Drinking Water; Monitoring Awwarf
Cryptosporidium. Journal of Environmental Engineering, 125 (4): 325-333.
Walker M.J., C.D. Montemagno, and M.B. Jenkins. 1998. Source Water 1998 Drinking Water; Monitoring Awwarf
Assessment and Nonpoint Sources of Acutely Toxic Contaminants: A Review of
Research Related to Survival and Transport of Cryptosporidium parvum. Water
Resources Research, 34(12): 3383-3392.
Canada Pollution; Lake Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Waller, D.H. and Z. Novak. “Pollution loading to the Great Lakes from municipal ntalDesignFieldSampling/MainEDFS.html
sources in Ontario.” Journal WPCF . March 1981. 1981
Waller, D.H. and Z. Novak. Municipal Pollutant Loads to the Great Lakes from undated [Canada Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Ontario Communities. Canada/Ontario Agreement Research Report, Ottawa, ntalDesignFieldSampling/MainEDFS.html
Ontario (undated).
\Walters, SP; Gannon, VPJ; Field, KG. 2007. Detection of Bacteroidales fecal 2007 Pathogen Indicators EPA 2007 Experts Workshop http://www.epa.qgov/waterscience/criteria/rec
indicators and the zoonotic pathogens E. coli 0157:H7, Salmonella, and Chapter 2 reation/experts/chapter02.pdf
Campylobacter in river water. Environmental Science and Technology 41(6): 1856-
1862.
Recreational Water Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Water Environment & Technology . “EPA program aims to make visiting the beach ntalDesignFieldSampling/MainEDFS.html
safer.” Vol. 9, No. 8, pg. 11. August 1997. 1997
Sewer Treatment; Fecal Coliform Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Water Environment & Technology. “News Watch: Sewer separation lowers fecal ntalDesignFieldSampling/MainEDFS.html
coliform levels in the Mississippi River.” Vol. 8, no. 11, pp. 21 - 22. Nov. 1996b. 1996
Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Water Environment & Technology. “News Watch: U.S. water quality shows little ntalDesignFieldSampling/MainEDFS.html
improvement over 1992 inventory.” Vol. 8, no. 2, pp. 15 - 16. Feb. 1996a. 1996
Recreational Water Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Water Environment & Technology. “Research Notes: Beachgoers at Risk from ntalDesignFieldSampling/MainEDFS.html
urban runoff.” Vol. 8, no. 11, pg. 65. Nov. 1996c. 1996
Water Environment Federation and American Society of Civil Engineers. 1992. 1992 (U.S. Stormwater; General WWE
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No. FD-17. Task Force on CSO Pollution Abatement, Water Pollution Control
Federation, Alexandria, VA.

Reference Year State Keywords Colorado Reference Reviewed/Cited By Original Document Reference Hyperlink
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Water Environment Research Foundation, U.S. Environmental Protection Agency, 2005 |U.S. Stormwater; BMPs WWE http://www.bmpdatabase.org/
American Public Works Association, American Society of Civil Engineers, Federal
Highway Administration. 2005. International Stormwater BMP Database. Project
Team: Wright Water Engineers, Inc. and GeoSyntec Consultants.
Webster, K.A., J.D.E. Pow, N. Giles, J. Catchpole, and M.J. Woodward. (1993). 1993 Pathogen Detection EPA Pathogen TMDL Guidance
Detection of Cryptosporidium parvum using a specific polymerase chain reaction.
Vet. Parasitol. 50(1-2): 35-44.
Stream Pollution; Runoff Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
Weibel, S.R., R.J. Anderson, and R.L. Woodward. “Urban land runoff as a factor in ntalDesignFieldSampling/MainEDFS.html
stream pollution.” Journal WPCF. 36:914-924. July 1964. 1964
Weidner, R.B., A.G. Christianson, S.R. Weibel, and G.G. Robeck. 1969. Rural 1969 Drinking Water; Monitoring Awwarf
Runoff as a Factor in Stream Pollution. Journal Water Pollution Control Federation,
41 (3): 377- 385.
Weiskel, P.K., B.L. Howes, and G.R. Heufelder. 1996. Coliform Contamination of a | 1996 Drinking Water; Monitoring EPA Pathogen TMDL Guidance;
Coastal Embayment: Sources and Transport Pathways. Environmental Science and Awwarf
Technology. 30 (6): 1872-1881.
Whitman, R. 2007. Project S.A.F.E. Website. 2007 Modeling; Criteria EPA 2007 Experts Workshop | http://www.epa.gov/waterscience/criteria/rec |http://www.glsc.usgs.gov/
Chapter 6 reation/experts/chapter06.pdf
Whitman, R.L., A.V. Gochee, W.A. Dustman, K.J. Kennedy. 1995. Use of Coliform 1995 Drinking Water; Monitoring Awwarf
Bacteria in Assessing Human Sewage Contamination. Natural Areas Journal, 15
(3): 227-233.
Whitman, RL; Nevers, MB. 2004. Escherichia coli sampling reliability at a 2004 Modeling; Criteria; EPA 2007 Experts Workshop | http://www.epa.gov/waterscience/criteria/rec
frequently closed Chicago beach: Monitoring and management implications. Chapter 6 reation/experts/chapter06.pdf
Environmental Science and Technology 38(16): 4241-4246.
Whitman, RL; Nevers, MB; Byappanahalli, MN. 2006. Examination of the 2006 |Coastal/Great [Pathogen Indicators; Modeling; EPA 2007 Experts Workshop | http://www.epa.gov/waterscience/criteria/rec
watershed-wide distribution of Escherichia coli along Southern Lake Michigan: An Lakes/Beaches |Criteria Chapter 2 reation/experts/chapter02.pdf
integrated approach. Applied and Environmental Microbiology 72(11): 7301-7310.
'WHO (World Health Organization). 2003. Guidelines for Safe Recreational Water 2003 Methods EPA 2007 Experts Workshop  |http://www.epa.gov/waterscience/criteria/rec
Environments. Volume 1 Coastal and Fresh Waters. Geneva, Switzerland: WHO. Chapter 3 reation/experts/chapter03.pdf
'WHO (World Health Organization). 1999. Health Based Monitoring of Recreational 1999 Criteria Development EPA 2007 Experts Workshop  [http://www.epa.gov/waterscience/criteria/rec
Waters: The Feasibility of a New Approach (The “Annapolis Protocol”) . Chaptersl, 4,5, 6 and 7 reation/experts/chapter01.pdf
Organization Report No. WHO/SDE/WSH/99.1. Geneva, Switzerland: WHO.
'WHO and UNEP. First Report on Coastal Water Quality Monitoring of Recreational Coastal Water Quality Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
and Shellfish Areas (MED VII). WHO/EURO document ICE/RCE 205(8). ntalDesignFieldSampling/MainEDFS.html
WHO/EURO. Copenhagen. 1978. 1978
'WHO. 2003. Guidelines for Safe Recreational Water Environments. Volume 1 2003 Criteria Development; Modeling; EPA 2007 Experts Workshop  |http://www.epa.gov/waterscience/criteria/rec
Coastal and Fresh Waters. Geneva, Switzerland: WHO. Human Health Risk; Standards Chapters 1, 4, 5k, 6 and 7 reation/experts/chapter01.pdf
Implementation; Acceptable Riak
Coastal/Great  |Criteria Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
'WHO. Guide and Criteria for Recreational Quality of Beaches and Coastal Waters . Lakes/Beaches ntalDesignFieldSampling/MainEDFS.html
28 October - 1 November 1974. Bilthoven. 1975. 1975
Coastal/Great |Criteria; Stormwater Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
'WHO. Health Criteria and Epidemiological Studies Related to Coastal Water Lakes/Beaches ntalDesignFieldSampling/MainEDFS.html
Pollution . 1-4 March 1977. Athens. 1977 1977
Wiedenmann, A; Kruger, P; Dietz, K; Lopez-Pila, JM; Szewzyk, R; Botzenhart, K. 2006 Criteria Development; Pathogen EPA 2007 Experts Workshop http://www.epa.gov/waterscience/criteria/rec
2006. A randomized controlled trial assessing infectious disease risks from bathing Indicators Chapters 1 and 2 reation/experts/chapter01.pdf
in fresh recreational waters in relation to the concentration of Escherichia coli,
intestinal enterococci, Clostridium perfringens, and somatic coliphages.
Environmental Health Perspectives 114(2): 228-236.
Wilkinson, J.A., J.M. Wyer, and D. Key. 1995. Modeling Fecal Coliform Dynamics 1995 Drinking Water; Monitoring Awwarf
in Streams and Rivers. Water Research, 29 (3): 847-855.
Wilks, D.S., and R.P. Cember. 1993. Atlas of Precipitation Extremes for the 1993 [U.S. Northeast |Drinking Water; Monitoring Awwarf
Northeastern United States and Southeastern Canada . Northeast Regional Climate
Center Research Series, Publication No. RR 93-5, Ithaca, New York: Northeast
Regional Climate Center.
Wisconsin Division of Health, Bureau of Public Health. Massive Waterborne undated |Wisconsin TMDL EPA Pathogen TMDL Guidance
Outbreak of Cryptosporidium Infections, Milwaukee: Results of Random Digit
Dialing Survey #2 .
Woodruff, D.L. 1992. Clostridium perfringens as a Sewage Indicator in Coastal 1992 Drinking Water; Monitoring Awwarf
Sediments: Development and Comparison of an Alternative Method of Analysis.
Master's thesis. Department of Environmental Science and Engineering, University
of North Carolina, Chapel Hill, NC.
WPCF. 1989. Combined Sewer Overflow Pollution Abatement. Manual of Practice 1989 TMDL EPA Pathogen TMDL Guidance
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Wright, A.G. 1997. Battling a bad bug. Engineering News-Record June 2, 1997: 24-| 1997 TMDL EPA Pathogen TMDL Guidance
27.
2001 |New England Drinking Water; Monitoring Awwarf
Wright, R.M., P.M. Nolan, D. Pincumbe, E. Hartman, O.J. Viator. 2001. Blackstone
River Initiative: Water Quality Analysis of the Blackstone River Under Wet and Dry
\Weather Conditions . Boston, Massachusetts: EPA New England.
Wyer, D; Kay, D; Fleisher, JM. 1999. An experimental health-related classification 1999 Criteria Development; EPA 2007 Experts Workshop | http://www.epa.gov/waterscience/criteria/rec
for marine waters. Water Research 33(3): 715-722. Chapter 1 reation/experts/chapter01.pdf
Wyer, M. D., G. O'Neill, D. Kay, et. al. “Non-outfall sources of faecal indicator Fecal Coliform; Coastal Water Pitt http:/unix.eng.ua.edu/~rpitt/Class/Experime
organisms affecting compliance of coastal waters with directive 76/160/EEC." Quality ntalDesignFieldSampling/MainEDFS.html
\Water Science and Technology . 35: 11-12, 151-156. 1997. 1997
Yagow, G. and V. Shanholtz. 1998. Targeting sources of fecal coliform in Moutain 1998 Fecal Colifrom; Sources EPA Pathogen TMDL Guidance
Run. An ASAE Meeting Presentation. 98-2031. July 12-26, 1998.
2008 |Ohio Pathogen; Treatment AEES

Young, C., Martin, J., Mitsch, W., Hoet, A. and DeGraves, F. 2008. Pathogen
Removal by Contructed Riparian Wetlands During Variable Hydrologic Conditions
in Central Ohio. Presented at 8th Annual American Ecological Engineering Society
Meeting: Biological Systems Engineering. Blacksburg, Virginia.
Young, K.D. and E.L. Thackston. 1999. Housing density and bacterial loading in 1999 Bacteria; Urban Streams EPA Pathogen TMDL Guidance
urban streams. Journal of Environmental Engineering December:1177-1180.
Young, R.A., C.A. Onstad, D.D. Bosch and W.P. Anderson. 1986. Agricultural 1986 Agricultural Sources; Pollution EPA Pathogen TMDL Guidance
nonpoint source pollution model: A watershed analysis tool . Agricultural Research
Service, U.S. Dept. of Agriculture, Morris, MN.
Zimmerman, T. “How to revive the Chesapeake Bay: Filter it with billions and Maryland, Water Quality Management Pitt http://unix.eng.ua.edu/~rpitt/Class/Experime
billions of oysters.” U.S. News & World Report . Pg. 63. December 29, Virginia ntalDesignFieldSampling/MainEDFS.html
1997/January 5, 1998. 1998
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Presentation Approach

« Overview

— Who, what, when,
where

— Why changes needed
— Major topics

« Key quotes/ comments
for later reference (

 Discussion topics for
future CO TMDLs

Obtain the full report: (http://www.epa.gov/waterscience/criteria/recreation/)



Background

— EPA invited 43 U.S. and international experts from academia,
numerous states, public interest groups, USEPA and other
federal agencies (“Pellston”-style workshop)

— Meeting in March 2007, Report in June 2007

— To discuss the state of the science on recreational
water quality research and implementation issues to
support revised criteria by 2012.

— The purpose was for EPA to obtain input from
experts on the “critical path” research/needs in the
near-term (2-3 yrs) for developing scientifically
defensible new or revised recreational ambient
water quality criteria.



Why Are New/ Revised Criteria Needed?

* “Designed to protect swimmers from illnesses
due to exposure to pathogens in recreational
waters, the existing criteria are more than 20
years old.” (EPA website)

« “1986 criteria provide defined criteria at a
single risk level but do not provide for
adjustment based on other sources of
Information such as sanitary investigations or
source identification.” p.166




Why (cont., p. 145)

« The 1986 criteria provide minimal implementation
guidance.

* Due to most States’ interpretation..., the criteria tend to
be treated as requiring compliance at all times and In
all waters. This interpretation has caused considerable
problems in the assessment and TMDL arenas.

« Any new or revised criteria must include
Implementation guidance that allow for methods to
address issues such as extreme flows and nonhuman
sources of fecal contamination.




Why (cont. from p.166)

« The original basis for the 1986 criteria were freshwater
and marine water epidemiological studies conducted at
a limited number of sites with restricted geographic
extent and waterbody type (lake beaches and marine
beaches).

« “A concern exists that single value criteria may not be
applicable to all waters across the United States—for
Instance,

* In developing new criteria, epldemlologlcal data or
guantitative mlcroblologlcal risk assessment (QMRA)
for as wide a variety of fresh and marine waters as is
possible should be used.
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What’s in the Report

Approaches to Criteria Development

Pathogens, Pathogen Indicators, and Indicators of
Fecal Contamination

Methods Development
Comparing Risk (to Humans) from Different Sources
Acceptable Risk

Modeling Applications for Criteria Development and
Implementation

Implementation Realities



Appendices

A—Charge to the Expert Workgroup Members
B—Participant List

C—Translation of Epidemiology to Disease Burden by
WHO and EU

D—Summary of European Commission Directive
E—Indicator Terminology

F—Summary of Measurements Currently Planned for
the Doheny and Malibu Beach Epidemiology Study

G—Development of Deterministic Models






Standards Process

CWA Water Quality Standards are composed of 3 parts:
* Designated use (DU)
» Ambient water quality critenia (AWQC) to support the DU
s+ Antidegradation provisions to protect existing uses and high quality waters

Designated Use (§303(c)) —

s Use Attainability Analysis (UAA) Criteria for
required if fishable/swimmable uses - protection of
not assigned aguatic wildlife

» Economic and social impacts may be
considered

EPA AWQC for protection of human health
¢ Criteria based on DU
¢ Separate criteria for each pollutant (§304(a))
« EPAAWQC are guidance only

,lnfgm, States and Tribes have four options (§303(c)):
« Adopt EPA §304(a) criteria
« Modify §304(a) criteria to reflect regional considerations
+ Develop their own criteria (scientifically defensible)
Adopt narrative criteria where numeric critena cannot be determined

Also:
« EPA reviews changes to State or Tribal criteria for protection of the designated use
and scientific defensibility
« State and Tribal criteria are not effective for CWA purposes until approved by EPA
¢ In the case of multiple DUs, criteria must support the most sensitive use
¢ State-adopted and EPA-approved State and Tribal WQS form the regulatory
compliance numbers for CWA purposes




General Comments
(from Executive Summary)

« Because of the diverse nature of watersheds
throughout the United States, there was general
agreement that criteria that have flexibility are

desirable.

e A common statement:

— A “one size fits all” criterion is inadequate for public health
protection and the compliance applications under the CWA.

« EXxperts agreed:

— EPA should develop implementation quidance, including
monitoring protocols, concurrently with development of criteria

and release them simultaneously.

This is good news!



EPA Suggests a Toolbox
Approach

* Increased flexibility for
better nation-wide
application

* Equivalent risk levels
must be achieved,
regardless of selected
tool

* Implementation issues
exist related to how to
relate different “tools”




Workshop Process

Assessme Primary Alternatives for
temat (based on NPDES Contact Water Quality
Alternatives | monitoring Permitting Waters Notification
data)
Alternatives I
TMDLs Other
Indicators

Figure 3. Flow Diagram of How the Workgroup Topics
Contribute to the Development and Implementation of New or
Revised Recreational Water Quality Criteria.
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Benchmarks for Criteria
Development (see p. 11)

. Health-based.

. Useful for and be compatible with all of the CWA

criteria (e.g., BEACHES Act of 2000, assessment,

notification, 303(d) listing, TMDLs, NPDES)

. Scientifically defensible in a wide variety of

geographical locations and water body types.

. Sufficiently robust and flexible to provide adequate

protection

. Sufficiently robust and flexible to provide requlators the

ability to protect susceptible (sensitive) subpopulations

such as children and immunocompromised individuals.
...protecting the health of children was paramount.

. Linked with analytical methods that are reliable, robust,

and reproducible

. Protect primary contact recreation in various waters

equally




Approaches Considered

* World Heath
Organization (WHO)
—2003

* European Union
(EU)—2006 (in
appendix)

* Modified EPA 1986
Criteria




WHO Approach (p. 14)

“Recreational water
guality and protection
of public health are
best described by a
combination of
sanitary inspection
and microbial water
quality assessments”

“Banded" approach




Table 1. WHO Classification Matrix for Integrating Microbial Water
Quality as Measured by Enterococci Density with Sanitary Inspection

Category.
Microbial Water Quality Assessment Category
(95" percentile intestinal enterococc)/ 100 m
A B C D Exceptional
<40 41-200 201-500 =500 circumstances
Sanitary Very low Very good Very good Follow up’  Follow up’
Inspection Low Very good  Good Fair Follow up’
Category Moderate Good* Good Fair Poor Action
(susceptibility to  High Good* Fair® Poor Very poor
faecal influence) Very high Follow up*  Fair Poor Very poor
Exceptional .
circumstances Action

Notes:

! imphies non-sewage sources of faecal indicators (e.g, livestock), and this should be verified (section 4.6.2).

* indicates possible discontinuous/sporadic contamination (often driven by events such as rainfall). This is most commonly
associated with Combined Sewer Overflow (CSO) presence. These results should be investigated further and initial follow-
up should include verification of sanitary inspection category and ensuring samples recorded include “event” periods.
Confirm analytical results. Review possible analytical errors (see section 46.2).

¥ In certain circumstances, there may be a risk of transmission of pathogens associated with more severe health effects
through recreational water use. The human health nsk depends greatly upon specific (often local) circumstances. Public
health authonties should be engaged 1n the identification and interpretation of such conditions (section 4.65).

* Exceptional circumstances (see section 46.5) relate to known periods of higher risk, such as during an outbreak with a

pathogen that may be waterborne, sewer rupture in the recreational water catchment, etc. Under such circumstances, the
classification matrix may not fairly represent risk/safety.

SOURCE: WHO, 2005.




EU 2006 Approach

« Generally adopted WHO 2003, with these changes:

— Does not include the sanitary inspection category information for the
purposes of recreational water classification. Instead, it uses only the
microbial water quality assessment information to characterize the
probability of exposure to human pathogens.

— Used WHO criteria for marine waters and applied the same risk
assessment framework to new epidemiological data to derive
standards for fresh recreational waters

— Allows sample discounting.

« Under discounting, numeric excursions above the water quality standards
that are predicted and/or measured do not count against the waterbody
for compliance determination (i.e., such values are discounted from the
data set prior to calculation of the 95th percentile, but only 15% of
scheduled samples can be so discounted). Sample discounting is allowed
when a predictive model, source reduction plan, and communication
management system are in place to inform the public about short-term
pollution events derived during predictable conditions (e.g., rainfall).

« See Appendix D for 2006 Bathing Directive



Table 2. Numerical Microbiological Water Quality Assessment Classification for
Fresh (Inland) and Marine (Coastal and Transitional) Bathing Waters for the 24 EU

Member States.

Inland (Fresh) Waters

Indicator Excellent Good Sufficient
(Intestinal) enterococci (¢fu/100 mL) 200" 400" 3607
E. coli (¢cfu/100 mL) 500" 1,000 900"
Coastal and Transitional (Marine) Waters

Indicator Excellent Good Sufficient
(Intestinal) enterococci (cfi/100 mL) 100 2007 200
E. coli (cfu/100 mL) 250" 500" 5007

Notes:

< Based on a 95™ percentile evaluation:

= Based on a 90™ percentile evaluation to

reduce the risk of stafistical alies when using a small data set, which also allows lower limit
values for enterococci and E. coli densities in inland waters to be classified as sufficient versus

good microbiological water quality.
Source: Adapted from EP/CEU (2006).




Possible Provisions in an Alternative “Hybrid”
Approach to EPA 1986 Criteria (p. 145)

 a provision to discount non-compliance with
the single value criteria after investigation of
the contributing watershed to confirm the
absence of nonhuman sources and lower risk
than implied by the criteria exceedance,;

* criteria/use Inapplicability during extreme high
flow events; and

* a process to exclude natural sources of fecal
Indicator organisms (i.e., indicators specific to
human sources are not present), according to
the corresponding risk to human health.




Table 4a. Summary of Proposed Criteria Development Approaches:
Strengths and Limitations

Criteria Sclence
Supporting Strengths Limitations
Approach
Approach
Sanitary mspection
: e Flexible component 1s qualitative; not
Fleisher et al | - o
1996 . MD'_,slt (Ir;i-uq:relkllend;me of quantitative
f t
World Health | Kayetal 1994, | G5 SWEios gﬂﬂﬁﬂ da;“t“e‘ed‘:ft
Organization 2004 pted by other countries ould need to adap

(WHO., 2003)

WHO, 1999
Wryer etal | 1999

¢ Incentives for beaches to
upgrade

e Allows more site appropriate
protection of health

potentially complex system to
wide range of conditions in
Us.

Potential implementation
155Ues

Fleisher et al.,
1996

Kayetal 1994
2004

¢ Flexible
e Relatively straightforward

Discounting system has no
direct precedent in the U S.
Would need to devise robust

- Ter1 . - i )
s ohean Union Wiedenmann et | * Lcentives for beaches to and acceptable discounting
(EP/CEU. 2006) upgrade

al., 2006 Adonted by other EU scheme

. L - . .
WHO, 1999, pted by other Potential implementation

Member States -
2003 155ues
Allows less flexibility
¢ Relatively straightforward Single sample max (75%
Current U S. : ¢ Currently m place in most percentile) has been criticized

L US EPA, 1983, S : . ;
Criteria 1984 states, new implementation from implementation
(US EPA, 1986) 155ues less likely perspective

e Fewest data requirements

Credibility concerns m many
parts of the US.




Tahble 4b. Summary of Three Proposed Criteria Development Approaches:

Benchmarks
Criteria i . Approach Compatible with
Crit Attribut .
Approach ritEra e Attribute
Health-bazed Tes
Most challenging — unclear how different
zrades for beaches would be intarpretad
CWA 53040a) applications with respect to mpaired waters; for
example, TMDL: would need to be
constderad.
Werld Health - — -
il PS—— ot i canet dicalor, ougoing
(WHO. 2003) . » o, epidenmiclogical dzta would be
'pInt Vs, ON-POoIn needed
. . Could be, bt m cwvent confismurahion
Liulbple subpopulations hildren not anahvzed by
Unzform nisk across waterhody fpes Yes
. . - Wes cmrently, but will also depend en
Linked to method that iz valdated e indicators
Tes, but differental visks from differant
sources of fecal contanunation 15 ot
Health-bazed included, thus, thas approach is less
health-based than WHO zpproach
o Yes, but challenzmz for same reasons as
_ . CWA 5304a) applications WEO 2ch
UrOpean Lnian . B Mot with cwrent indicator, ongoing
(EPICEU, 2006) | Geographic vasiability choould 8l zaps
Foint vs. non-point No
. . Could be, but m cwvent confismuration
Llulbple subpopulations hildren not analyzed by
Uniform nisk across watertbody tvpes Yeas
] _ Yes cuvently, but will alse depend on
Linked to methed that 1z vahdated e indicators
Yes, but concan zbout single sample
standard, also concems that differennal
Health-bazed risks from different sources of fecal
contammnztion are not mehided
CWA 5304a) applcations Tes
c 3 Ggugraphl: 1.-'3113_..|:II|I1.}' No
Critexia Point vs. non-pomt No
(US EPA, 1985) Blultrple subpopulations Ne
Mo, fresh and marins recreational watsrs
Unifiorm risk bod have different “acceptabls rizks™; this

could be addressad n new ar revised
critaria

Linked to method that 1z validated

Yes curently, but will also depend on
fuhne mdicators




Misc. Comments

- Criteria for Secondary Contact (p. 28): “Workgroup
members defined secondary contact as limited or
Incidental contact.”

« “Is a single criterion available that is appropriate for the
diverse range of geographic conditions (p. 29)?”

— “No. Different regions of the country have different potentials
for regrowth, persistence, indicator/pathogen die off rates (UV
exposure), and indicator/iliness rate relationships. The
literature supports the conclusion that additional indicators will
be necessary to accurately identify those recreational waters
that are at risk across all geographic regions of the country.”

* No approach identified as “the” preferred path, waiting
on data.




Chapter 2
Pathogens, Pathogen
Indicators, Indicators of Fecal
Contamination



Overview

« Since 1986 AWQC, research has shown that this
narrow health effects-based standard (i.e.,
epidemiological studies at beaches with point sources
of human sewage) is limited in that it does not take into
account differences in geographical conditions,
ecology of microorganisms, and varying sources of
fecal indicator bacteria.

* Inthis regard, the expected relationship between
lllness and indicator organism densities would be:

— high If the source of contamination is human
sewage,

— moderate If the source was a mixture of human and
animal feces, or

— lower if the source is ...replication of indicator
bacteria in the enwronment such as in soill,
sediments, storm drains, or on plants or aquatic
vegetative matter.




Monitoring Approach (p. 38)

 Tiered toolbox monitoring approach
recommended:
— ID point and non-point sources
— Sanitary investigation
— Select appropriate indicator

* Move from simplest and progress to
more complex



E. coli as an Indicator

“Of the traditional fecal
Indicators, only E. coli has
been shown In epidemiological &3
studies to consistently relate to Riwas
health outcomes for freshwater g* _
recreational water users i | o T
(Cabelli et al., 1982; Wade et FE ="
al’ M’ Wledenmann et al’ www.u“\:rsicaﬁforniaeu)le coli.jpg
2006).” -

Sub-typing of different E. Coli
strains not seen as helpful.




Alternative Fecal Indicators

5
»

Bacteria
— Clostridium perfringens
— Bacteroides

Bacteriophages
— Coliphages
EU Tracers

Pathogens/Pathogen Indicators
— Various problems (see p. 48)

whyfiles.org/coolimages/images/csi/0022a.jpg



Chemical Biomarkers

 Fecal sterols

— (from cholesterol digestion; expensive/complex;
possible supplement)

 Caffeine
— (plant debris and dumping issues)

* Optical brighteners
— But stills shows up in treated WWTP effluent

— Reduce organic interference w/filter on
flourometer



Indicators and Methods for
Measuring Fecal Contamination

Agreement that standards be based on fecal indicators. Reasons:

— The level of occurrence and the types of pathogens in ambient waters
vary greatly both temporally and spatially.

— Some pathogens are only present in very small concentrations, yet
may present a public health risk.

— Methods to detect and guantify specific pathogens in ambient waters
are not sufficiently developed at present to be practical for use in the
near-term timeframe.

Therefore, using suites of pathogens as the basis for new or
revised criteria was not favored among workshop participants as a
first “line of defense.”

However, pathogen monitoring may be useful as a subsequent tier
for microbial water quality evaluation.

For longer term research needs, further development of pathogen
detection methods may result in a more important role.







Method Purposes

Routine beach monitoring to

— support public health warning =
notification systems,; m
— support TMDL decisions;
Rapid methods to track the l { .
progress of a sewage spill to ‘\ ks
improve the beach closure ~ “~* -

determinations:

Compliance assessments
conducted at NPDES outfalls

Trend assessments over time




Methods Challenges (pp.59-60)

« Turn-around time for beach closure notification

— cultural methods >24 hrs;

— molecular methods faster, but may not be fast enough
* One-size-fits-all problem:

“There is growing recognition that [the indicator] may derive
from many sources, including humans, domesticated animals,
indigenous wildlife (mcludlng shore and migratory birds), and
regrowth in sand, sediments, or on biofilms.”

— “The health risk to humans varies depending on which of these
sources is responsible for the measured [indicator].”

— “The costly cleanup processes associated with the TMDL
programs are not necessarily focused on the beaches that
represent the greatest public health risk.

— There are additional concerns that cleanup activities, and
associated costs, are being targeted at beaches where []
concentrations that exceed standards result from natural
sources and processes.”




Possible Adjustments to
Address One-Size-Fits-All

1. Add additional indicators
more closely related to
human sources to replace
or augment existing
iIndicators in tiered fashion.

2. Adopt WHO-type framework
for site-specific standards,
but source ID tools needed




Rest of Chapter Focuses on

1. More rapid methods
 Problems with counting dead bacteria
 Practicality & cost

2. Methods more directly associated with
human contamination

 Difficulty relating to current system (“equivalency”)

— New CA protocol: Beta Testing of Rapid Methods
for Measuring Beach Water Quality (SCCWRP,
2007)
3. Source ID methods to characterize risk In
developing site-specific standards.



Method Performance Criteria

* repeatability

* accuracy

« specificity

* sensitivity

* robustness

* range of applicabllity
* practicality




Microbial Source Tracking (p. 67)

“Although there has been significant progress in the
MST field over the past decade, variability among
performance measurements and validation approaches
In laboratory and field studies has led to a body of
literature that is very difficult to interpret, both for
scientists and for end users (Stewart et al., 2003;
Stoeckel et al., 2004).”

“Within the MST community..., library-independent
methods are currently the priority, while chemical-
based methods appear to be desirable for rapid
screening and presence-absence tests (with perhaps
quantification in the future).”

“Library-based methods still have a role in MST, but
only in those circumstances where detailed information
IS needed, such as many TMDL-based studies.”




Studies to Watch

* Doheny and Malibu
Beach Epidemiology
study (?2007-
2009?)—Ilooking at
multiple methods and
Indicators combined
with an epidemiology
study







Workgroup Perspective on
Natural vs. Human Sources

“It is widely believed that human feces
poses a larger health risk than animal
feces to swimmers and other primary
contact recreational water users. This
belief derives from the basic concept that
virtually all enteric pathogens of humans
are infectious to other humans, while
relatively few of the enteric pathogens of
animals are infectious to humans.”




BUT...p. 77

« “...there remains a paucity of data on the risk of illness
for swimmers at beaches exclusively (or primarily)
Impacted by feces from animals. The absence of such
data makes it difficult to interpret the health
significance of the frequent and persistent elevated
fecal indicator levels in such waters that have been
attributed to animals in many locations throughout the
United States.”

« “The bottom line is that there are few data to
demonstrate whether animal feces pose a lower,
greater, or equivalent health risk to bathers than
human feces. If there Is a difference, it would be helpful
to know the magnitude of that difference in order for
EPA to make appropriate public health
recommendations.”

« Targeted studies needed on this issue.




Tahle 5. Comparing Risks (to Humans) from Different Pathogen Sources.”

Source Viruses Protozoa DBacteria

Workgroup [~

Aquatic birds N L L-M

Pers P ective Other (e.g. deer) N M M £) priority

.-"s.grifu]rurn] animals

on Re I a.t | ve Foultry N N M-H

. Other (e.z., cattle, sheep) N M M-H =1 priority
RI S ks Domestic animals
Pets (e.g.. dogs. cats) N L L
Fecal shedding by bathers #3 priority
Adults L L L
Children H H H

///\ Sewage
‘ [ ]

Mo treatment (combined sewer

V} . -

— overflows) H H H
No treatment (separate storm

sewer overflows) 7 7 7+
Secondary treatment®* H H M
Plus chlormne®* H H L
M-H
(L with
g increased
Plus UV energy) L
Secondary environments*** L L M

*  Does not have an explicit fate and transport component

*  Rask largely depends on amount of human feces present

** Focus of most (U.5.) recreational water epidemuclogical studies

=*% Sediment suspension and contact with beach sand

N = estimated no or neglhgible sk, L = estimated low risk. M = estimated medinm risk,
H = estimated high nisk




Workgroup Comments (Table 5)

1.

Current epidemiological literature suggests that the
symptomatic profile of swimming associated ilinesses
Indicates primarily viral ilinesses.

Certain pathogens such as EHEC have a low
probability of occurrence but are associated with

severe health outcome.

Information available to the workgroup suggested
that nonhuman fecal sources impacted freshwater
sources more than marine water sources.

Combined sewer overflows (CSOs) were considered
as untreated sewage.

Separate storm sewer overflows initially were put in
the domestic animal row but subsequent discussion
of recent studies suggested that they could have a
human component in many communities.



Etiological Agents (p. 86)

“Workgroup members felt it important to
emphasize that there is a glaring lack of
knowledge about the incidence with
which specific pathogens cause
swimmer-associated ilinesses at both
non-point source- and point source-
Impacted beaches.” |




Fate and Transport (p.87)

Direct deposition

Indirect Deposition is more
complicated...Very “wet” feces is e e
more likely than “dry” feces to
Introduce pathogens into the
aquatic environment. After
defecation, the distance of the feces O
from surface water plays an ¢ Lo
important role as well.”

Point Source
Resuspension (1 paragraph)

|deally indicator will have same
fate/transport as pathogen, but this
IS unlikely, so need to know how
they relate.







Determining Risk Level and
Subpopulations of Concern

Agreement that children can have a higher risk of
liness due to

1. increased exposure from ingestion of higher volumes of
water, and

2. greater susceptibility due to immunological differences
compared to healthy adults.
Agreement that criteria not be established based on
the susceptibility of immunocompromised individuals;
rather, targeted risk communication and public health
messages could be used to advise these individuals
that they are at increased risk of illness and are
advised not to swim.



“Acceptable Risk”

Agreement to abandon term

“The voluntary nature of recreational swimming needs to be
clearly explained and put in context with other routinely and
voluntarily accepted risks (e.g., driving to the beach, eating
at local restaurants, smoking).” (p. 94)

“It is not certain how accurate the current levels of protection
are. “Magqic” numbers like 8 or 19 cases of gastroenteritis in
1,000 swimmers can “take on a life of their own,” increasing
the risk of distraction from the basic objective—providing
best effort to protect swimmers.” (p. 99)

“Most recreational water exposures are experienced by a
minority of the population who are repeatedly (chronically)
exposed.” (p. 99)

“More important than trying to enforce compliance with a
fixed standard level of risk, is the need to work toward
continual improvement in public health associated with
recreational water use.” (p. 100)




Areas of Discord

“Although the phrase
“tolerable risk” is
now being used
more frequently
internationally, it was
still not tolerated by .
all members of the
workgroup.” p.100




Chapter 6
Modeling Applications for
Criteria and Implementation



Overview (p. 107)

Did not focus on models in TMDLs
Model discussion focused on

— Water quality notification/predictive models based
on rainfall, etc.

— Sanitary investigation models

“There is limited understanding regarding the sources
of microorganisms and their fate and transport in the
aquatic environment, so the use of deterministic,
process-based models criteria development and
Implementation is not practical for most U.S. water
quallty managers within the next five years (2012).”

“Rather, simple heuristic, statistical models that do
not necessarily require an understanding of
processes and mechanisms are more realistic for
criteria development and implementation within the
next 5 years.”




Timing/Notification Issues
Changes Indicator Concentrations

®
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Figure 4a. Enterococci (MPN/100 mL) Sampled Every 10
Minutes at a Beach in California. (The reference background
denotes the range of single sample exceedance.) SOURCE: A.B.
Boehm, unpublished data (ENTEROLERT assay).



High Priority Model Research
Processes Affecting Fate and Transport

flicrobe y
R 'ﬁ"’f‘l Particle
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Figure 5. The Possible Fates of Microbes (Fecal Indicators and Pathogens) in
Environmental Water and Sediment (the fate of nucleic acids may be different:
this figure does not include those sources). SOURCE: Adapted from Olivieni et
al. (2007).



Limits of Models

“Sanitary investigation models that explore the relationship between land
use, watershed attributes, and water quality are already in place and
have been used in TMDL implementation (criteria implementation);
however, they have not been specifically applied to criteria development.
Creating a TMDL-like model for a waterbody prior to impairment may be
viewed as proactive rather than reactive. Such models in use include
deterministic models like Hydrological Simulation Program-Fortran
(HSPF) and Storm Water Management Model (SWMM) for watershed
loading, and CE-QUAL models for pathogen fate and transport (US EPA,
2002). Feedback from some environmental engineers and
consultants who apply these models to pathogen and fecal
Indicator transport suggests they provide highly uncertain
predictions for pathogen and indicator concentrations and fluxes
(Ali ?oehm, Stanford University, personal communication, 2007).” (p.
110

“...models developed from large data sets are generally considered
better than models developed from smaller data sets.” (p. 113)




Notification Issues
and Model Uses

Spatial and temporal variability evident in indicator data

sets and delay in obtaining monitoring results using
conventional culture-based methods, rendered the
single sample standard impractical for routine water

quality notification purposes.

Simple statistical models that do not necessarily
require an understanding of processes and
mechanisms have the potential to be incorporated into
the new criteria, particularly for beach monitoring and
water quality notification purposes.

These models relate water quality to environmental
factors like wind speed, prior rainfall, and tide level.




Additional Notes on Models

 See pp. 114-117 for discussion of advantages and
disadvantages of models.

 Models used in TMDLs--Appendix G briefly describes:

1.

2.

The L-THIA model (http://www.ecn.purdue.edu/run-
off/lthianew/)

SPARROW model (SPAtially Referenced Regression on
Watershed attributes)
(http://water.usgs.gov/nawqa/sparrow/index.html)

LSPC is the Loading Simulation Program in C++, a watershed
modeling system that includes streamlined Hydrologic
Simulation Program Fortran (HSPF) algorithms

HSPF, included in the BASINS3 watershed model system
that is maintained by EPA
(http://www.epa.gov/waterscience/BASINS/).



Chapter 7 Implementation

Realities
(sprinkled through previous slides)



Summary of
“Critical Path Research”

. Human health impacts from different
sources of fecal contamination

. Measurement issues: climatic,

geographic, and temporal variability

. Determining risk level and
subpopulations of concern

. Indicators and methods for measuring
fecal contamination



Summary

* Broad support to conduct research and include
provisions that account for differences in
climatic regions and geographic areas.

 Current state of the science calls for the criteria
to be based on indicators of fecal
contamination.

* Enterococci and E. coli are probably not
appropriate indicators in all climatic regions
(e.q., In tropical and subtropical climates) and
geographic areas.




Summary Comments on Source Issues

« Broad support for criteria with provisions that account
for differences in risks associated with
— human versus nonhuman sources of fecal contamination, and
= point Versus non-point sources

« The absolute risk levels and the magnitude of
differences between animal and human waste
associated risks are not well characterized and may
vary greatly geographically and temporally.

« Point sources and non-point sources of fecal
contamination also differ in risk and those differences
are not well characterized.




Conclusion

EPA report addresses many of the concerns of
Colorado communities faced with bacteria
TMDLs.

Critical path research needs have been well
identified. EPA appears to have a good
process with expert input.

Colorado TMDLs have a timing issue due to
revised EPA criteria in 2012.

Some topics may warrant more detailed
discussion by E. coli workgroup.



Discussion Timel
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Possible Applications

 How can Colorado TMDLs be “paced,”
W or “timed” to
— 1) protect human health,

— 2) not waste resources on low-risk segments, given
significant potential changes in 20127

 Can Colorado TMDLs reflect the WHO and EU
tiered process, perhaps as part of the 303(d)
listing methodology?



Factors to Consider for Colorado TMDLs
Developed Prior to Revised Criteria in 2012

« Continue to stay away from “nonsensical mass loads” in TMDLs
(see p. 139) ( )

» Other factors:
— “...alternative means of expressing loading reductions (e.g.,

13 LR}

e ion,” “load duration curve-based,” “reference
watershed” methods)”

— “TMDL development ... is further complicated [because] load
reductions are typically strongly linked to hydrologic factors
and intermittent sources such as stormwater runoff”

— “establishing a static steady-state design condition, as is
frequently done for other types of pollutant impairments, is not
possible for bacteria due to the significant wet weather event-
driven characteristics”




Type of Recreation/Risk

* Focus of workshop/standards really is on
“swimmable” waters and beach closure
notification; however, protection of children is
identified as critical:

— What does this mean for segments where swimming
IS not occurring, but water play is?

* If objective Is to protect human health and

numan exposure Is documented to be minimal,

now can this be accommodated? What would
documentation look like?




Other Possible Discussion
ltems

Given precedent in other states and recognition of
higher bacteria during wet weather, how should this be
iIncorporated in Colorado TMDLSs?

Are there some basic steps that could be agreed on
related to documenting:

— Human sources of pathogens (sanitary surveys)
— Actual likelihood of exposure

Given acknowledgement of lower risks from non-
human sources, can segments known not to have
human sources (due to natural area conditions or
sanitary surveys) be “lower” priority on 303(d) list?
Is there opportunity for use of reference or baseline
bacteria levels to help focus resources?



E. coli Workgroup Meeting Tentative Agenda

December 6, 2007, 1:00
1:00 — 2:30

Urban Drainage and Flood Control District

Introductions (5 min)
Formally elect Chairperson or chair persons and coordinator (10 min)
Review Work Plan: focus on TMDL (permit requirements come later) (30 min)

Do we need to reevaluate the workgroups goal?

Categorization of the 19 E. coli listed stream segments (40 min)

Next meeting for the Workgroup — January? Bring your calendar (5 min)

At 500,000,000 fecal coliform / gram; it may be everywhere

-

Yo Quicro @ ) 4 A

ecol ! &

Workagroup Goal: gain a better understanding of the issues with regulating E. coli and work to
outline an approach for developing regulatory options for reaching and maintaining compliance.



E. coli Workgroup Meeting Agenda
1:30 — 3:00; February 7, 2008

Urban Drainage and Flood Control District

Introductions
Status of Watershed Protection Fund grant

Report on EPA’s Scientific Workshop on Critical Research Needs for the
Development of New or Revise: Jane Clary

Update From the State: Becky Anthony (15
Some E. coli TMDLSs, are about to start: discussion on how / what
impacted parties would like to see.

Discussion on use enterococci; is this a better indictor?
Next meeting for the Workgroup — March 6" or 13™ or? Bring your calendar

Tentative Agenda: 1) review the survey of E. coli listed segments to
determine what similarities we can identify that would be useful in
developing TMDL templates covering like segments, 2) progress to date, 3)
difficulties identified in developing and effective, achievable E. coli TMDL for
segments with no obvious source

BIZARRO by Dan Piraro

R
Y Sorry, the E. el

NN Lureger 16 %o g0 only,

Seems everyone has a hunger for E. coli

Workaroup Goal: Working to eliminate a potential health hazard

(5 min)

(5 min)

(45 min)

- 30 min)

(5 min)



E. coli Workgroup Meeting Minutes

1:00 - 3:00; May 8, 2008

Attendance: Jim McCarthy (City of Arvada), Nathan Moore and Becky Anthony (Water Quality
Control Division), Terry Baus and Jon Novick (City and County of Denver), Richard Meyerhoff
(CDM), Joan Carlson (U.S. Forest Service, Megan Monroe and Donna Scott (City and County of
Boulder), Jill Piatt Kemper (City of Aurora), Jane Clary (WWE).

Location: Wright Water Engineers; 2490 W. 26™ Ave., Suite 100A, Denver.
Discussion Items:

1. Potential Framework for Bacteria TMDL Development Process in Colorado: Factors that
Could be Included in a Decision-tree Approach--Becky Anthony, Colorado Water Quality
Control Division

e Becky Anthony handed out a copy of the ASIWPCA March 24, 2008 Fact Sheet titled “Short
Term Pathogen Criteria Actions: State Water Quality Standards” for general perspective on
how the EPA 2012 revised ambient water quality criteria for bacteria affect States between
now and the new criteria. (attached)

e Becky Anthony and Nathan Moore provided a concept-draft handout for discussion
regarding a potential approach/framework for E. coli TMDL development in Colorado. See
attached handout for framework.

e In general, the handout functions primarily to identify the types of information that are
generally needed to begin a screening process for significant or insignificant pollutant
sources and to identify which sources would be likely to be included in Load Allocations
(LAs) or Wasteload Allocations (WLASs). The recommended process focuses first on
collecting information from as many existing sources as possible, including use of GIS to
develop a sense of land uses. As part of initial characterization of likely causes of
exceedances, development of a Load Duration Curve was suggested to determine the types of
flow conditions under which the exceedances are occurring and to develop an indication of
whether these sources appear to be point or non-point source in nature. The intent of this
curve is not for purposes of load allocations. Presence/absence of sources will include the
seven sources included on the handout.

2. Group Discussion and Questions: The meeting was interactive, with many questions asked
throughout Becky’s presentation of the concept approach handout. Although time constraints
did not enable a detailed discussion of all issues, the following list identifies general areas of
discussion, indicating where general agreement was implied and where additional refinement is
needed and/or where questions exist".

! Note: The notes in this section are impressions based on concerns or input verbalized at the meeting. In an effort to
give the Division feedback on the draft framework, an effort has been made to identify items that “seemed reasonable”
based on the discussion at the meeting. These general comments are not intended to “speak for” any individual
participant, who may hold differing perspectives not verbalized at the meeting; instead, the intent is to document the
general discussion and general feedback at the meeting.
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The big-picture framework seems reasonable, although details would need to be
fleshed out in various areas.

Generally, Becky is not inclined to use complex modeling and microbial source
tracking approaches due to cost. The suggested approach focuses on using readily
available information.

Use of GIS to develop a general sense of land use and relative potential sources of
pollutants in the watershed seems reasonable.

The Load Duration Curve (LDC) concept generated a lot of discussion and is an area
where additional discussion and or refinement could be warranted. Aspects of the
discussion included:

= Becky’s intent with the LDC concept is to use it as a characterization tool to
determine under what flow conditions the problems are occurring and to
screen whether the problems appear to be point source or non-point source.
Potential challenges noted with this approach during discussion include:

e Complicating factors related to interpretation of flow conditions such
as reservoir releases, diversions and irrigation return flows. In some
cases, these issues vary throughout the length of a stream segment.
For streams with straightforward hydrology, the LDC concept may be
more reasonable to use; but there may be some issues on the more
complicated hydrologic regimes (which are not uncommon in
Colorado). Availability of good flow data may also pose a challenge
in some cases.

e Some discussion occurred related to separating wet versus dry weather
conditions based on precipitation records. Other questions raised
following the meeting included how long it takes for dry weather
bacteria conditions to return following the descending limb of the
hydrograph (i.e., even when flows return to normal, what is the lag
time before bacteria concentrations return to normal?)

Agriculture: some discussion occurred regarding whether the 10 percent threshold
made sense. There was some confusion with how this related to the “urban
agriculture” category. Also some discussion on Load Allocation (nonpoint source)
versus Wasteload Allocation (point source). The general consensus was that
permitted agricultural operations such as Confined Animal Feeding Operations
(CAFOs) would be WLAs and other agriculture would be LAs. Becky mentioned
Virginia Tech’s Bacteria Source Load Calculator as a possible tool, but no one was
familiar with how it worked or whether it could be a good tool to consider.

A threshold of significance for agricultural contributions based on percent land use in
the overall watershed seems to be reasonable at a screening level, but may require
further discussion in determining whether a load allocation is appropriate. There
could be significant watershed-specific variation.
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Sanitary-storm sewer screening for illicit connections was generally agreed to be
reasonable. A few discussion items:

= Some initial concern was expressed regarding the 5 gpm and 126/100 mL
threshold due to the occurrence of high groundwater in many areas. Nathan
pointed out that when storm outfall discharges are dominated by groundwater,
E. coli is typically below 126/100 mL.

=  Some questions were noted about whether this screening was necessary in
non-problem areas of the watershed; additional discussion is needed on this
topic.

= Percent contribution of storm outfalls to the stream would be estimated for the
overall watershed; not on a single outfall basis. Although it makes sense to
categorize this group at the watershed level, more discussion may be
warranted on the details of this approach.

Documentation of septic systems seemed reasonable. More discussion may be
needed on the threshold of significance at the 1 house/40 acre level—this may be an
overly stringent threshold. For example, the location of the septic system relative to
the stream seems more relevant.

The diffuse urban stormwater (wet weather) category needs more discussion and is
generally acknowledged as a difficult issue, given that most urban runoff is well
known to have elevated bacteria, regardless of land use (e.g., Pitt National
Stormwater Quality Runoff Database, International Stormwater BMP Database,
others). Wet weather contributions are difficult to monitor and difficult to control.
Additional discussion of this issue is needed. The group generally agreed that wet
weather runoff from a variety of land uses typically shows E. coli elevated above the
stream standard. Load allocations applicable under wet weather conditions are a big
concern. Some topics discussed included:

= In general, it is better to conduct dry weather screening of stormwater outfalls
and correct problems PRIOR to the TMDL to avoid the need for a WLA for
this category. (Example: Littleton/Englewood did this on the South Platte.)

= Risk based approaches used in other TMDLS where swimming is assumed to
be negligible (and unsafe) during high flows; therefore, the risk of illness is
negligible. Desire to kayak at high flows was discussed, but points were also
made regarding the intent of the regulation regarding protection of
subpopulations. This also resulted in discussion about streams that aren’t used
for swimming under dry weather conditions, but still have a primary contact
standard.

Identification of obvious point sources seemed reasonable.

Wildlife: Some discussion occurred on this topic from a variety of perspectives;
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= Urban wildlife may contribute to dry weather flows (thus, not appropriate for
the diffuse wet weather category) for example in BMPs with permanent pools
such as constructed wetlands.

= How should wildlife in large open space areas in urban areas be accounted
for?

= Mass balance models in support of a TMDL were discussed in the context of whether
density based (i.e., like the 126/100 mL used in South Platte) or load based
allocations made sense. Several participants commented that the load based numbers
don’t seem meaningful. On the other hand, density-based TMDLs also have some
shortcomings (e.g., 126/100 mL for wildlife doesn’t seem practical).

= General discussion occurred regarding whether some of these threshold values should
apply at the sub-basin or watershed level. This issue was raised in the context of the
10% agriculture threshold. It warrants more discussion.

= General discussion occurred regarding implementation of requirements into MS4
permits, implementation phase durations and how these mesh with the 5-year permit
cycles. What happens when the BMPs have been implemented and the stream
standard is still not attained?

Other General Questions/Discussion Items:

=How should the required “margin of safety” be developed for bacteria TMDLs? What are
EPA’s expectations? How do elevated background/natural concentrations affect the margin
of safety and waste load allocations?

=What makes the most sense for the time component of bacteria TMDLs: Seasonal? Monthly?
Annual? (No one thinks daily is appropriate.)

= What is the role of microbial source tracking in prioritizing mitigation activities? For example,
if a stakeholder develops data showing that the only sources causing the exceedance are
uncontrollable wildlife, how would this information be used by regulators for evaluating
compliance?

=|s there opportunity for implementing a risk-based approach to mitigation and compliance? For
example, using three key factors to prioritize implementation of activities to mitigate
controllable bacteria sources: (a) exceedance magnitude/frequency; (b) source (e.g., human
vs. wildlife); and (c) risk of human exposure (i.e., is anyone swimming?).

=What flexibility might be added into TMDLs implemented between now and EPA’s new
criteria targeted for 2012? For example, the EPA Experts Panel report seemed to consider
some of the WHO/EU approaches that focus on removal of sanitary sources, placing less
priority on natural contributions.

=|s EPA aware of any bacteria TMDL that has succeeded in attainment of stream standards?

=How will existing compliance schedules for E. coli TMDLs be affected if EPA significantly
changes their criteria?
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3.

Draft Bibliography of E. coli Resources—Jane Clary provided a handout containing a draft
bibliography in progress of references to be used as an informational resource related to E. coli
TMDLs. She noted that it was interesting that the four major sources she used to develop the
list had minimal overlap. The key sources included Bob Pitt’s work in the stormwater field, the
EPA Experts Workshop, EPA’s TMDL guidance and other references compiled by WWE. A
fifth source of information also being explored is the AwwaRF/EPA (2006) Pathogen
Monitoring Guidance document. Jane requested the following input:

e Additional references that participants have found to be useful/relevant.
o Feedback on keywords to use for sorting.
e Other general input.

Next Meetings for the Workgroup: The next meeting will include discussions with Dave
Moon and Sandi Spence from Region VIII EPA regarding EPA’s expectations for bacteria
TMDLs, guidance on specific questions raised by the group and discussion related to
documenting background concentrations of bacteria.

« The target for that meeting is the week of June 16™. Becky will follow up with EPA
to set a meeting date. If anyone is aware of standing meeting conflicts that week or
the week following, please let Becky or Jim know ASAP so that we have a good
turnout.

e Jim recommended that we skip the month of July and reconvene in August to follow-
up on issues raised during the May and June meetings.

e Jim will provide an update on work group progress to the Water Quality Forum.

Jkc Z:\Project Files\72-99\971-179\971-179.091\Engineering\091jkc\2007\Bacteria References\WG_May 8 08 mt min2.doc
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Short Term Pathogen Criteria Actions: State Water Quality Standards
Fact Sheet

March 24, 2008

The US Environmental Protection Agency (EPA) is on a timeline to have new pathogen
criteria recommendations as well as criteria implementation recommendations developed
by the end of 2012. The criteria recommendations are expected to cover all waters —
those subject to the Beach Act, and those inland fresh waters not subject to the Beach
Act. The new criteria recommendations may look substantially different than the current
recommendations in found in Ambient Water Quality Criteria for Bacteria - 1986, as
evidenced by EPA’s post-1986 epidemiologic work focusing primarily on rapid DNA-
based analytical methods. Although initial studies concentrated on using enterococci as
the single bacterial indicator for both fresh and marine waters, EPA is still exploring
other indicators and methods for future criteria recommendations.

While it is too early to project how the 2012 criteria recommendations will ultimately
express pathogen criteria, States should be cognizant of the projected change and
determine their best courses of action over the interim five year period.

The following suggestions are intended to help States make an informed decision in
regard to any action on pathogen criteria:

I. Non-Beach Act/Non-Coastal Recreation Waters

A. States that have adopted the 1986 Bacteria Criteria - If States have adopted
bacteria criteria based on the 1986 Guidance, no change in the criteria indicators
or values are needed prior to the publishing of the projected 2012 Pathogen
Criteria Recommendations. States may, however, wish to clarify data sufficiency
and averaging period requirements in their standards to better assess attainment of
the criteria. In this context, data sufficiency refers to the minimum number of
samples required, and the timeframe in which those samples must be collected.
The averaging period for the samples is still considered a duration component of
the standard and would require EPA approval if changed. For instance, many
States interpreted the 1986 Guidance to mandate a criterion based on a geometric
mean of five samples collected over a 30-day period. That interpretation has
created considerable hardship for those States in conjunction with 303d
Assessments, since a majority of waters are not sampled with that degree of
intensity.



ASIWPCA
Short Term Pathogen Criteria Actions
Page 2 of 4

EPA explained in the 2004 Beach Act Rule that the data sufficiency and
averaging portions of the criteria need only reflect a state’s understanding of the
criteria — whether that be a geometric mean of 5 samples in 30 days, an annual
geometric mean of all samples collected in a year, or a seasonal geometric mean
of samples collected during a specified recreation season. The idea is to match
the data sufficiency and averaging portions of States’ criteria and assessment with
their monitoring frequencies for ambient water quality samples.

The States and EPA are in agreement the bacteria standard is a general indicator
of the sanitary condition of a waterbody. Therefore, the expression of the
criterion can, and perhaps should be, expressed as a long term geometric mean
without regard to the number of samples collected; for instance, a geometric mean
of the total number of samples collected during the recreation season. At this
point in the discussion EPA does not consider clarification of data sufficiency to
be a change in a water quality standard requiring approval by EPA. Changing the
averaging period is considered a change in the criterion duration, thus EPA would
have approval authority over a change in averaging period. The Beach Act Rule
explanatory text made clear it was not the intent of the 1986 Criteria Guidance to
couple a criterion value with a specific number of samples averaged over a
specific timeframe to form a bacteria standard. The intent was only to specify a
geometric mean criterion value, while leaving the interpretation of the averaging
period to the State. Although the Beach Act Rule did not specify an averaging
period, EPA recommended that the averaging period be applied as a “‘rolling’” or
“‘running’’ average, but recognized it would still be appropriate for States to
specify the averaging period whether that be a monthly, seasonal, or annual mean.
Therefore, if a state chose to change its averaging period to seasonal, or annual
mean, that change falls within EPA’s range of recommended durations and
approval should be straightforward.

In conjunction with a geometric mean criterion, EPA also encourages the use of a
single sample maxima (SSM) criterion as is requisite for Beach Act States.
Although an SSM is not mandatory for non-Beach Act State, those States may
wish consider an SSM as a trigger mechanism for waterbody closures, or for
aiding in assessment purposes.

B. States that have not adopted the 1986 Bacteria Criteria - If States have not
adopted bacteria criteria based on the 1986 Guidance, decisions need to be made
whether to maintain their existing criteria, or to adopt criteria based on the 1986
Guidance. EPA is aware that in many States criteria revisions can take several
years to complete. Additionally, EPA is focusing its resources on the Critical
Path Science Plan for pathogens and from that effort the development of
improved pathogen criteria in the shortest possible timeframe.
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Therefore, it is not anticipated EPA will promulgate the 1986 criteria for states
still utilizing fecal coliform as an indicator due to EPA’s current focus on
developing an improved criterion, and the expectation that the improved criterion
would be adopted shortly after the 2012 recommendations are published.
However, if States are already moving down the path of adopting the 1986
criteria, they are encouraged to continue to pursue that adoption and to carefully
evaluate the use of enterococci.

Although some of the most recent EPA epidemiologic studies have focused on
enterococci as the sole indicator, the ASIWPCA membership still has concern
about the exclusive use of enterococci, especially at levels specified in the 1986
Guidance. Many states have observed the ratios of enterococci to either fecal
coliform or E. coli in flowing waters one to two orders of magnitude greater than
the beach studies on which the 1986 Guidance criteria are based. In other words,
flowing waters currently in attainment with either the fecal coliform or E. coli
criteria may have a significantly higher probability of being non-compliant with
the 1986 enterococci criteria, thus increasing the numbers of waters listed as
impaired for bacteria. Therefore, it would be prudent for any state considering the
adoption of enterococci as its indicator, to first complete studies comparing
enterococci, fecal coliform, and E. coli densities from split samples. If the ratios
of those densities are significantly different from the ratios on which the 1986
Guidance is based, use of the enterococci indicator may cause the listing of more
waters as impaired for bacteria.

As discussed previously in regard to the E. coli and enterococci indicators, EPA
does not consider clarification of data sufficiency to be a change in a water quality
standard requiring approval by EPA for either indicator. EPA also does not
consider data sufficiency changes to be a change in water quality standard for
States with a fecal coliform indicator if they choose to retain that indicator and its
currently specified criterion values in this interim period. Therefore, a State with
a fecal coliform indicator could clarify any change in its data sufficiency
requirements without necessitating EPA approval of the clarification. EPA does,
however, consider a change in averaging period a change in standard. Since
EPA does not consider a fecal coliform criterion as stringent as either the
enterococci or E. coli criteria, approval of any change in the in a state’s fecal
coliform criterion — including averaging period — would most likely be
disapproved by EPA.

Il. Beach Act Coastal Recreation Waters - For coastal recreation waters, all Beach Act
States have either adopted criteria as stringent as those delineated in the 1986
Guidance, or EPA has promulgated criteria for coastal recreation waters in those
States. However, those States may still wish to explore modifications to the data
sufficiency or averaging period portions of their criteria. As discussed above, States
may find it advantageous to clarify the minimum sample requirements, or the
averaging period requirements of their current standard to better match their
assessment protocols.
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Again, clarification of data sufficiency requirements are not considered changes in a

standard requiring EPA approval.

approval.

Changes in averaging period would require

I11.Summary — EPA is planning to develop new pathogen criteria and implementation
recommendations by 2012. In the interim, States need to decide how to best address
pathogen criteria in their water quality standards — make modifications, or maintain
their current criteria. There are interim actions States could undertake that would

The following Table

summarizes the options available to States based on the presence of coastal recreation

waters in their State and their status in having adopted the 1986 Criteria:

potentially alleviate some assessment issues in their States.

Criteria Options

Fecal E. cofi and/or | Modify Data Modify Single
Water Type/Criteria Coliform Enterococci Sufficiency Averaging Sample
Status Indicator Indicator Regs. Period Regs. Maxima
Non-Beach Act Waters . . .
W/1986 Criteria N/A Mandatory Optional Optional Optional
Non Beach Act Waters : . : L
W/o 1986 Criteria Applicable Optional Optional N/A Optional
Beach Act Waters N/A Mandatory Optional Optional Mandatory

% Only if E.coli or Enterococci are adopted as the indicator.

Terminology

Beach Act Coastal Recreation Waters - Great Lakes and marine coastal waters
(including coastal estuaries) that states, territories, and tribes designate in their water
quality standards for use for swimming, bathing, surfing, or similar water contact
activities.

Non-Beach Act/Non-Coastal Recreation Waters - Inland waters; or waters upstream of
the mouth of a river or stream having an unimpeded natural connection with the open sea
and are not subject to the Beach Act.



Recommended Approach for Bacteria TMDL Development

1. Compile data from sources.
2. Calculate Load Duration Curves (LDCs) for affected segments.
3. Implement source survey for watershed
* Identify Presence/Absence of source types
(1) Agriculture
(2) Sanitary to storm sewer system
(3) Sanitary — Septic systems
(4) Single known point source(s)
(5) Diffuse urban stormwater flow (wet weather)
(6) Wildlife — refers to natural, undisturbed areas
(7) Urban farms (<10% agriculture)

If present — Significant/Non-significant

(1) Agriculture
a. Identify agriculture land uses by type (animal, crop, etc.)
b. Identify agricultural land uses with significant potential to contribute bacteria,
including but not limited to, land used by farm animals and horses.
c. Determine percent of watershed that is agricultural land with significant
potential to contribute bacteria
If> 10% — Assumed to be significant — Given a WLA (Unless there is
information provided to prove otherwise)

(2) Sanitary to Storm Sewer System

a. Dry weather flows exceeding 5 gpm and with E Coli densities exceeding
126 are assumed to be contributed to by sanitary sewer sources such as
sanitary sewer seepage to storm sewer pipes and cross connections, unless
additional information is available indicating otherwise. (discharges <5
gpm or <126 is considered to be from other diffuse sources)

b. Outfall loads are based on the stream standard (126) times the flow rate

c. Percent contribution to stream flow is an aggregate of all outflows with
values of > 126 and > 5 gpm flow as a percentage of stream load — WLA

(3) Septic systems present (based on # of households/sq. mile). Consider > 1 household
on septic per 40 acres to be a potential significant source requiring additional
evaluation — given a WLA allocation determined based on watershed specific
information

(4) Single known source — considered on a case by case basis. Considered to be a point
source — if significant — given a WLA

(5) Diffues Urban Wet Weather Sources
TBD



(6) Wildlife — occurs in non-urban areas = WLA (on a case by case basis)
(7) Urban agriculture — If > 10% of watershed area = WLA consistent with (1)

4. Develop GIS inventory of watershed (agriculture, septic, NPDES, etc.) in conjunction
with #3.

5. Develop LDCs, GIS, and Mass Balance Models for TMDL.



E. coli Workgroup Meeting Minutes

1:00 - 3:00; June 26, 2008

Attendance: Jim McCarthy (City of Arvada), Becky Anthony, Joni Nuttle and Phil Hegeman
(Water Quality Control Division), Terry Baus and Jon Novick (City and County of Denver), Becky
Dunavant (CDM), Dan Scaife (U.S. Forest Service, Megan Monroe (City and County of Boulder),
Jill Piatt Kemper (City of Aurora), Jane Clary (WWE), Mary Fabisiak and John Burke (City of
Westminster), Sandra Spence and Dave Moon (USEPA), Todd Harris (Metro District), Jennifer
Richards (CH2MHIill), Ginny Johnson (Colorado Springs).

Location: Colorado Department of Public Health and Environment

Meeting Focus: Open discussion and brainstorming with Dave Moon and Sandie Spence of EPA
Region VIII regarding E. coli TMDLs and recreational water quality standards.

Discussion Items:

1. Dave Moon noted that EPA’s 2004 Implementation Guidance for Ambient Water Quality
Criteria for Bacteria remains the appropriate reference for looking at bacteria standards issues.
(This guidance relates to the Ambient Water Quality Criteria for Bacteria-1986) He noted that
the 2012 date for revised standards is a “target” and that everyone should be aware that it will be
quite a while before revised standards would work their way into the Colorado Basic Standards,
which would then filter into the specific basins like the South Platte. Regardless of the issues
raised by the EPA Experts Panel, the currently approved standards are applicable criteria.

2. Becky Anthony asked some questions about how to incorporate margin of safety into bacteria
TMDLs. Various aspects of this issue were discussed in terms of looking at the 95% confidence
interval associated with risk curves in combination with the geometric mean plus some measure
of variability. (This issue has some complexities that are difficult to fully characterize in the
context of a brief meeting.)

3. Both EPA and CDPHE desire that the standards that are in place should be attainable (i.e., the
standards should be meaningful). Site specific or ambient based standards based on well-done
studies that are logical and defensible are a possibility. However, the criterion of < 8 swimmer
illnesses per 1,000 swimmers can’t be increased. Even though risk assessment data for
freshwater settings are limited, there isn’t anything better to use at this time. Dave noted that
there is not a good risk assessment available for E. coli concentrations above roughly 200/100
mL—this is a constraining factor. There was some discussion about the swimming pool
regulation value of 235/100 mL—it was noted that this is a daily maximum set at the 75% value,
not a geometric mean.

4. The two basic approaches to looking at standards include: 1) risk-based and 2) attainability.
Colorado basic standards include provision for site specific standards for “natural or irreversible
human induced conditions.” This is a more difficult standard to prove in urban areas. Some
discussion about the California Park elk issue included the fact that this is a remote area, making
it different than urban settings affected by wildlife. With regard to the attainability issue, key
factors include whether the standard is physically attainable, as well as financially attainable.
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5. The water quality standards drive the TMDL—TMDLs have to fit into the boundaries created by
the standard. Other states have some wildlife off-ramp type language that the group might want
to look at; however, EPA headquarters’ position on these off-ramps is currently somewhat
unclear.

6. Phil noted that due to the human health component, segments listed as impaired for bacteria are
ranked as high priority on the 303(d) List. The Division’s inclination would be to focus first on
streams that have meaningful data sets in terms of identifying sources of impairment. The
Division cannot postpone looking at bacteria issues due to uncertainty surrounding future
standards.

7. Off ramps for bacteria TMDLSs that were brainstormed included:

a.

Connecting the designated use with the standard—for example, if bacteria are elevated
during high flows and no one is swimming during that time, then this could be taken into
consideration in TMDLs. Complicating factors that were discussed included kayaking
during high flows, and conversely, how this concept would be applied where the
recreational use is limited to wading.

Seasonal standards that connect the designated use to the water quality during the season
of use. (But the group noted that this doesn’t help in the case of bacteria, where the
higher concentrations are typically in the summer during season of recreational use.)

“Natural conditions” off ramps that are provided for in the Basic Standards. Phil
discussed 31.7(1)(b):

“A numeric standard may be assigned by the Commission either to apply on a statewide basis or
to specific state surface waters. A numeric standard will be assigned by the Commission when it is
presented with evidence that a particular numeric level for a parameter is the suitable limit for
protecting the classified use. A numeric standard consists of a numeric level and may include a
description as to how that numeric level is to be measured. Numeric standards will include
appropriate averaging periods and appropriate frequencies of allowed excursions. A numeric
standard may be exceeded due to temporary natural conditions such as unusual precipitation
patterns, spring runoff or drought. Such uncontrollable conditions are not cause for changing the
numeric standard.”

Some open discussion on varying perspectives on the “temporary natural conditions”
provision followed. A concern with this type of narrative statement is how it is
applied on a case-by-case basis, which can create problems for the state agencies.

Listing methodology—although the standards themselves are not flexible, the listing
methodology for the 303(d) list may have some opportunities for more flexibility. The
group concluded that this should be further explored.

Phil noted that the Commission had been expecting groups to come back with suggested
off-ramp language for wildlife in 2005(?), but no one did so.

8. Becky Anthony discussed an example from California from the TMDL conference that had some
creative assessment approaches based on seasonality.
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10.

11.

12.

Required sampling frequencies for E. coli were discussed. Phil noted that in terms of assessing
compliance, the 30-day geometric mean relates to setting discharge permits, but the
timeframe/sampling frequency is not required for assessing attainment of stream standards—the
available data for the past five years are simply used.

Sandie Spence discussed aspects of approaches used in other states.

a. Bacteria source tracking is a tool that can be considered in the TMDL process; however,
this does not take the place of logical, deductive reasoning. In many cases, the BST data
are not robust enough to draw the types of conclusions that are desired. So, this is “a”
tool, but not necessarily “the” tool.

b. Some TMDLs have used modeling approaches, particularly in agricultural areas where
variables such as head of cattle are entered. The Dakota’s have some bacteria TMDLs.

c. A phased TMDL approach can be good. The example discussed included 1) ruling
out/correcting illicit connections; 2) implementing pet waste ordinances and 3) re-
assessing whether the standard is attainable once all key sources have been corrected.
Neither Colorado nor EPA are mandating which BMPs should be implemented.

Sandie asked a question about Becky’s draft TMDL guidance regarding WLASs vs. LAs. It was
decided that agricultural sources (including urban farms) and wildlife sources would be given a
load allocation as opposed to a waste load allocation. These sources are considered to be non-
point sources as opposed to point sources.

Resegmentation issues related to recreational uses were discussed. For example, in cases where
streams transition from open space/public property to private property, resegmenting could be
appropriate in terms of recreational classification; however, this creates administrative headaches
for the Division in assessing attainment of stream standards. An idea was suggested regarding a
narrative qualifier to the standards that would cause them to apply in areas of public access;
however, this still creates some challenges for the Division. A “point of compliance” concept
was discussed in this context. (There was no clear resolution to open discussion on this topic.)

Action Items:

1.

2.
3.

The group concurred that it is important to participate in the 303(d) Listing Criteria work group
process being headed up by Aimee Konowal (303-692-3530, aimee.konowal@state.co.us).
Although the recreational standards themselves can’t really be changed, the method of
assessment does have some latitude—this is a critical opportunity for input affecting bacteria
TMDLs.

Jim McCarthy will report on the Work Group activities at the Water Quality Forum in July.

The next work group meeting will be held in late August, date to be determined.

Notes prepared by Jane Clary, WWE.
Jkc Z:\Project Files\72-99\971-179\971-179.091\Engineering\091jkc\2007\Bacteria References\WG_June 26_ 08 mt min_rev.doc
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E. coli Workgroup Meeting Minutes

9:00 — 11:00; August 21, 2008

Attendance: Jim McCarthy (City of Arvada), Becky Anthony and Phil Hegeman (Water Quality
Control Division), Becky Dunavant (CDM), Jill Piatt Kemper (City of Aurora), Jane Clary (WWE),
Mary Fabisiak (City of Westminster), Ginny Johnson (Colorado Springs), Donna Scott (City of
Boulder), Amy Woodis (MWRD), Bob Arastason (City of Aurora), Nancy Keller (City of Pueblo), Mary
Gardner (Littleton/Englewood WWTP).

Location: Colorado Department of Public Health and Environment

Meeting Focus: Refine Framework for Bacteria TMDL Development Process in Colorado, discuss
“wildlife off ramps”

Discussion Items:

1.

Refine Framework for Bacteria TMDL Development Process in Colorado:

What data are needed?
Assessment based on last five years, but 10 would be nice because of changes in
hydrologic conditions. Even with many stream segments having only seasonal uses, a
monthly geometric mean is used to determine compliance; if there are multiple sites on
the segments, all data for the month is used in calculating the geometric mean;
however, outliers at individual sites will likely be flagged. Could look at seasonal data to
help identify a source, but wouldn't help much in assessing attainment.

How will insufficient data impact the TMDL?
While the data set to list many of the stream segments was not extensive, the data
needed to remove a segment will be significant (the Catch-22 of the TMDL world).

What to do if dry weather screening shows no sources?
This situation would probably result in there not being a WLA TMDL for wet weather
flows.

What could a “Wildlife off-ramp” look like?
See attached August 21, 2008 draft summary from Jane Clary

Draft Bibliography of E. coli Resources. A final draft is targeted to be available for the October
meeting.

Next meeting for the Workgroup: October_?_

Tentative Agenda:

1) Survey of E. coli stream segments: what GIS Layers should be included - land use,
geology, stormwater permittees, WWTFs; anything else? USDA GIS clearinghouse is
a good website to review for this information.

2) Load duration curve discussion

3) Possibly more on Wildlife off-ramps?

Future agenda items: delisting methodology.



Representative Precedents for Natural Conditions/Wildlife Off-ramps for Bacteria in State
Water Quality Standards

Per discussions at the June E. coli Work Group meeting, TMDLs must be completed in
accordance with currently applicable State Water Quality Standards. If the E. coli Work Group
participants wanted to propose changes to current Colorado Basic Standards to better reflect
naturally occurring bacteria conditions, the hearing schedule is as follows:

Basic Standards

October 2008: Issues Scoping
November 2008: Issues Formulation
June 2010: Rulemaking Hearing

(South Platte Issues Formulation November 2008)

Examples of provisions for naturally occurring conditions in State Water Quality Standards for
several states are provided below; many examples from other states also exist.

Colorado

Current “natural conditions” off ramps that are provided for in the Basic Standards 31.7(1)(b):
(identified by Phil Hegeman at last meeting)

“A numeric standard may be assigned by the Commission either to apply on a statewide
basis or to specific state surface waters. A numeric standard will be assigned by the
Commission when it is presented with evidence that a particular numeric level for a
parameter is the suitable limit for protecting the classified use. A numeric standard
consists of a numeric level and may include a description as to how that numeric level is
to be measured. Numeric standards will include appropriate averaging periods and
appropriate frequencies of allowed excursions. A numeric standard may be exceeded
due to temporary natural conditions such as unusual precipitation patterns, spring runoff
or drought. Such uncontrollable conditions are not cause for changing the numeric
standard.”

The other mechanism in Colorado for taking into account naturally occurring conditions is
related to the ambient based standards alternative. This has the effect of natural sources being
addressed on a segment-by-segment basis, whereas wildlife/natural sources “offramps” addresses
the issue at the 303(d) listing level (determination of standards attainment).

31.7 PROCESS FOR ASSIGNING STANDARDS AND GRANTING, EXTENDING,
OR REMOVING TEMPORARY MODIFICATIONS

(1)(b)(i1) Ambient Quality-Based Standards
For state surface waters where evidence has been presented that the natural or

irreversible man-induced ambient water quality levels are higher than specific numeric
levels contained in tables I, Il, and lll, but are determined adequate to protect classified

Wright Water Engineers Page 1 Draft 08-21-08



uses, the Commission may adopt site-specific chronic standards equal to the 85th
percentile of the available representative data...

North Dakota
CHAPTER 33-16-02.1 STANDARDS OF QUALITY FOR WATERS OF THE STATE

Section 33-16-02.1-09. Surface water classifications, mixing zones, and
numeric standards

Fecal Coliform? Not to exceed 200 organisms per 100 ml as a geometric mean of
representative samples collected during any 30-day consecutive period, nor shall more
than 10 percent of samples collected during any 30-day consecutive period individually
exceed 400 organisms per 100 ml. For assessment purposes, the 30-day consecutive
period shall follow the calendar month. This standard shall apply only during the
recreation season May 1 to September 30.

E. coli’: Not to exceed 126 organisms per 100 ml as a geometric mean of representative
samples collected during any 30-day consecutive period, nor shall more than 10 percent
of samples collected during any 30-day consecutive period individually exceed 409
organisms per 100 ml. For assessment purposes, the 30-day consecutive period shall
follow the calendar month. This standard shall apply only during the recreation season
May 1 to September 30.

2\Where the fecal coliform or E. coli criteria, or both, are exceeded and there are natural
sources, the criteria may be considered attained, provided there is reasonable basis for
concluding that the indicator bacteria density attributable to anthropogenic sources is
consistent with the level of water quality required by the criteria. This may be the
situation, for example, in headwater streams that are minimally affected by
anthropogenic activities.

(Source: http://www.legis.nd.gov/information/acdata/pdf/33-16-02.1.pdf)

Utah

R317. Environmental Quality, Water Quality, R317-2. Standards of Quality for Waters of the
State, R317-2-14. Numeric Criteria.

Footnote to TABLE 2.14.1 NUMERIC CRITERIA FOR DOMESTIC, RECREATION, AND
AGRICULTURAL USES

(7) Where the criteria are exceeded and there is a reasonable basis for concluding that
the indicator bacteria are primarily from natural sources (wildlife), e.g., in National
Wildlife Refuges and State Waterfowl Management Areas, the criteria may be
considered attained. Exceedences of bacteriological numeric criteria from nonhuman
nonpoint sources will generally be addressed through appropriate Federal, State, and
local nonpoint source programs.

(Source: http://www.rules.utah.gov/publicat/bulletin/2005/20050501/27593.htm)
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Proposed Changes:

(7) Where the criteria are exceeded and there is a
reasonable basis for concluding that the indicator bacteria
E. coli are primarily from natural-seurces{wildlife},

e.g., in National Wildlife Refuges and State Waterfowl
Management Areas, the criteria may be considered attained,
provided the density attributable to human-non-wildlife

sources is less than the geemetric-mean-criterion criteria.
Exceedences of bactericlogical-numericcriteria E. coli

from nonhuman nonpoint sources will generally be addressed
through appropriate Federal, State, and local nonpoint
source programs.

(Source: http://www.waterquality.utah.gov/WQS/20080715 E_coli_Wording.pdf)

Montana

and
ENVIRONMENTAL QUALITY CHAPTER 30, WATER QUALITY Subchapter 6 Surface
Water Quality Standards and Procedures (http://www.deq.state.mt.us/dir/Legal/Chapters/CH30-

06.pdf)

"Naturally occurring” means conditions or material present from runoff or percolation
over which man has no control or from developed land where all reasonable land, soil
and water conservation practices have been applied. Conditions resulting from the
reasonable operation of dams in existence as of July 1, 1971, are natural.

(k) In accordance with 75-5-306(1), MCA, it is not necessary that wastes be treated
to a purer condition than the natural condition of the receiving water as long as the
minimum treatment requirements, adopted pursuant to 75-5-305, MCA, are met.

Reference to Montana Code:

75-5-306. Purer than natural unnecessary -- dams.

Q) It is not necessary that wastes be treated to a purer condition than the natural
condition of the receiving stream as long as the minimum treatment
requirements established under this chapter are met.

(2) "Natural" refers to conditions or material present from runoff or percolation
over which man has no control or from developed land where all reasonable

land, soil, and water conservation practices have been applied. Conditions
resulting from the reasonable operation of dams at July 1, 1971, are natural.

(Source: http://data.opi.state.mt.us/bills/mca/75/5/75-5-306.htm)

Wyoming
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WATER QUALITY RULES AND REGULATIONS, Chapter 1 WYOMING SURFACE
WATER QUALITY STANDARDS

Section 27. E. coli Bacteria.

(a) Primary Contact Recreation. In all waters designated for primary contact
recreation, during the summer recreation season (May 1 through September 30),
concentrations of E. coli bacteria shall not exceed a geometric mean of 126 organisms
per 100 milliliters based on a minimum of not less than 5 samples obtained during
separate 24 hour periods for any 30-day period. All waters in Table A of the Wyoming
Surface Water Classification List are designated for primary contact recreation unless
identified as a secondary contact water by a“(s)” notation. Waters not specifically listed
in Table A of the Wyoming Surface Water Classification List shall be designated as
secondary contact waters. During the period October 1 through April 30, all waters are
protected for secondary contact recreation only.

[other text for Secondary contact omitted]

Single-sample maximum values may be used to post recreational use advisories in
public recreation areas and to derive single-sample maximum effluent limitations on
point source discharges. An exceedence of the single-sample maxima shall not be
cause for listing a water body on the State 303(d) list or development of a TMDL or
watershed plan. The appropriate recreational use category (i through iv above) shall be
determined by the administrator as needed, on a case by case basis. In making such a
determination, the administrator may consider such site-specific circumstances as type
and frequency of use, time of year, public access, proximity to populated areas, and
local interests.

(d) Variances. Temporary and/or permanent variances to the E. coli values provided in
(a) through (c) above may be granted in instances where the primary source of bacterial
contamination is found to be natural in origin (wildlife), unavoidable (off-channel stock
watering pits), or otherwise in the public interest.

(Source: http://deq.state.wy.us/wqd/WQDrules/Chapter_01.pdf)

Also see:
http://deqg.state.wy.us/wgd/watershed/surfacestandards/Downloads/Triennial/Draft Implementati
on Policies.pdf

Prepared by: Jane Clary Z:\Project Files\07\071-141\071-141.000\Engineering\Natural Conditions Off-rampsjkc.doc
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Survey of 303(d) Listed Streams for E. coli/Fecal Coliform (Matrix Status as of 10/27/08--additional updates planned during 2008/2009)

Segment

303(d) listed
[segments for E.
coli/Fecal Coliform

Person providing
of

Land Use
P

knowledge /contact
information

(Uniform, Diverse, or
Distinctive Segments)

Dominant type(s)
urban, ag, open
spacelnatural) (basis
of information)

Has source been

If formal source

[completed? If so, what types and what
are expected sources of bacteria.

not
been conducted, what
are the “ perceived”
sources?

Have any trends been
identified?

Have wet and dry weather

[conditions been monitored!

separately?

If sources have been identified, what
are expected control measures
(BMPs)? What BMPs are already in
place?

[Are WWTPs on
the stream
consistently
meeting E. coli
/ fecal coliform
std?

Observed recreational activity

Provide other thoughts/comments, or attach
[documents with more information

COARFOOL

Fountain Creek and
tributaries above
Monument Creek

Lisa Ross:

Distinctive Segments

Upper 1/2 rural: lower
1/

In progress. Contract with USGS.

preliminary data only at this point

lonly within City of C/S limits

[so far we've identified broken sanitary
|sewer lines outside of the City of C/S and
they have been repaired.

wading possible

COARFO02a

Fountain Creek,
Monument Creek to
iy 47

gov.com (tel.
719-385-5064 ) Ginny
[J0hnson, Colorado Springs
Utilties (tel: 719-668-4375)

Distinctive Segments

Upper 1/2 urban; lower
172

agriculture/rangeland

Not yet.

Cross connections,
occasional line breaks,
wildife, cows, regrowth of
existing E. coli in
sediments.

lonly within City of C/S limits

ves

wading possible

[COARMAO4a

[Wildhorse Creek

COARMAL3

Cucharas River, source
to Walsenburg PWS
diversion

cosPBDOL

Mainstem of Big Dry
Creek, including all
tributaries, lakes,

rvoirs and wetlands,
from the source to the
confluence with the
South Platte River

[Jane Clary, Watershed
Coordinator,
clary@urightwater.com; 303-
4801700

Distinctive Segments

er 213
residentiallopen space
mixture: lower 1/3
agriculture

in progress. Dry weather sampling being
conducted. Monthly instream monitoring
program. Wildlife survey in urban open
space as Eagle Scout project. Wildiife,
domestic pets, agriculture and possibly
|septic systems may be sources.

See previous answer.
Perception is that most
sources will be non-point in
nature and difficult to
control

No distinct upstream to

trend. Higher E. coli
in the summer months.

INo--ambient based program.
Some events may follow
storm events,

Best opportunities for control would be to
identify and eliminate llict discharges, if
any. Provide pet waste bags and disposal
[containers in open space. Possibly explore
lopportunities for voluntary partnerships with
agricultural users.

[Wading may be a possibility in certain portions of
lopen space but has not been observed during
|sampling or other survey activities. Dangerous
culverts and drop structures make the stream

for boating in most segments. Access
is restricted by steep banks, thick vegetation and
private property in many areas. UAA regarding
Recreation classification was completed, resulting in
Rec 1b classification

**Examples would be data spreadsheets, plots,
interpretive memos, studies, etc. that would enable us
to know "what we know" about E. coliin Colorado.

cosPBO02

Boulder Creek, Indian
Peaks Wilderess to

South Boulder Creek

(below 13th Street in

Boulder)

Donna Scott:
ScottD@bouldercolorado.gov
(tel: 303-413-7364)

(13th Street to
confluence wi SBC)
Uniform

Urban

in progress. Analysis included: monthly
instream monitoring, and outfalls and

segment monitoring bimonthly to weekly for
E. coli, flow, quantitative fluorescence,

natural sources, some
llegal connections/
dumping from outfalls- not

temperature. firmed
human sources

J g

Certain outfalls high in e. coli and
other constituents

dry only

Sediment and/or nutrient control, storm
sewer maintenance

Tubing, wading, fishing, kayaking in summer
months

cOSPBOO7b

Coal Creek, HWY 36 to
Boulder Creek

Donna Scott

cosPBO08

Al ributaries to South
Boulder Creek,
including all lakes,
reservoirs, and wetlands
from South Boulder
Road to the confluence
with Boulder Creek and
all tributaries to Coal
Creek from Highway 93
to the confluence with
Boulder Creek (Rock
Creek)

Donna Scott

cosPBO10

Boulder Creek, Coal
Creek to St. Vrain Creek|

Donna Scott

cospBTO09

Little Thompson River,
Culver Ditch to Big
[ Thompson River

cospcL1s

Clear Creek, Youngfield
St. to'S. Platte River

cospcLiga

Ralston Creek and
tributaries below Arvada
Reservoir (Ralston

|James McCarthy: jim-
m@arvada.org,
720.898.7765

Uniform

Uniform: residential

In progress. Dry weather sampling being
[conducted, with no dry weather outfalls
showing above 126

No sampling program s only
for dry weather screening

Data shows no exceedances for dry
weather so source identfication is not
appropriate

Wading is a possibiy in certain portions along open
space; retrieval of Frisbees along a Frisbee golf
course is the only human contact observed. Lack of
flow and culverts make the stream inappropriate for
boating, kayaking, or swimming. There s private
property in many areas. Previous UAA regarding
Recreation classification have been completed

cospcP12

Cache la Poudre River,
Box Elder Creek to'S.
Platte River

Several entites discharge into the
segment, including South Fort Collins
Sanitation District (a separate distrct from
the City of Ft. Collins), Kodak, Windsor,
and the City of Greeley.

cospLS02b

Tributaries to S Platte

Creek (Beaver Creek)

CosPSV0s

Tributaries to the St
|Vrain River (Dry Creek)

cospus14

S. Platte River, Bowles
|Ave. to Burlington Ditch

[J0n Novick:
on.novick@ci.denver.co.us
720-865-5468)

Terry Baus:
tery.baus@ci.denver.co.us
720-446-3603

Urban - light and heavy
industry and
commercial along river
vith residential

in upper
portions of storm sewer
drainage basins. Parks
scattered through out
the basins.

Urban - City and
County of Denver
zoning data.

No. Characterization for human vs. non-
human sources is planned starting in the
[spring of 2008,

Cross connections between
sanitary and storm sewers,
wildife including geese and
raccoons, pet waste,
regrowth of existing E. col
in sediments.

Downstream increases in instream
levels of E. coli are well
established. Instream E. col levels
also increase with increasing
instream temperatures, are higher
during and after storm events, and
also appear to be related to
intensity of solar radiation.

Yes

Enhanced infrastructure maintenance
activites.

(Wading, swimming, and boating observed at the
Confluence with Cherry Creek. Fishing observed
upsteam of the Confuence.

I TMDL complete and approved by EPA. TMDL

plan being developed. Will be
incorporated into CCOD's MS4 permit

cosPus1s

S. Platte River,
Burlington Ditch to Big
Dry Creek (Clear Creek
o Fulton Canal
diversion and Burlington
canal headgate to
MWRD.)

Sharon Henderson Davis:
sdavis@mwrd.dst.co.us
303.286.3360
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Survey of 303(d) Listed Streams for E. coli/Fecal Coliform (Matrix Status as of 10/27/08--additional updates planned during 2008/2009)

303(d) listed

Person providing
of

Land Use
P

Dominant type(s)
urban, ag, open

Has source been

If formal source

not

Have any trends been

Have wet and dry weather

If sources have been identified, what
are expected control measures.

|Are WWTPs on|
the stream
consistently

Provide other thoughts/comments, or attach

3
Segment  |segments for E. knowledge /contact (Uniform, Diverse, or |spacelnatural) (basis |[COTPIeted? If so, what types and what |been conducted, what ;0 iie o conditions been monitored| gy o1 \yat gMPs are already i |meeting E. coli Observed recreational activity [documents with more information
coli/Fecal Coliform are expected sources of bacteria. are the “perceived separately?
information Distinctive Segments) [of information) o e place? | tecal coliform
std?
Mary Dawson Perception is that most No, sampling program is
I il . . i
cospusi6a |Sand Creek Mdawson@auroragov.org |Uniform win Aurora [Urban win Aurora n progress. Dry weather sampling being sources wil be non-pointin |\, lonly for dry weather Too early to tell. Yes. | Wadingis apossibilty n certan portions along 0pen| o e s gata from WQCD.
conducted nature and diffcult to space.
303-739-7372 screening
control
Draft UAA was completed. Very lte existing
primary contact recreation is known to oceur.
Tributaries to the Potential is limited by access - 20 miles from
Yampa River above Seasonal sampling indicates widife (elk) |Allotment Management Plan for NFS lands. nearest town, main access road closed tomotor | 225¢d On Draft UAA, we intend to propose a change
contribution in early summer before cows. Not purposely - some o Recreation Use Class N for the listed segment n the|
Elkhead Creek within ~[Joan Carlson: (Open spacernatural - [OnTPIOn 10 earl S e o High variabilty in duplicate e o et |15 revitien in 2006 10 include additonal vehicles Dec 1 10 July 1, access 1o isted segments |2 Reoeon Use C1ass M 0r e feied segmen 1 1
COUCYA20  |National Forest (First ~ |iycarison@s.fed.us (tel: 303- |Uniform rangeland and wildiife g samples (i.e. two samples taken at pling days It g1 for riparian area restoration. Grazing| NIA lon NFS lands requires a 2+ mile hike across State 9 9

Creek below Second
Creek, Elkhead Creek
below First Creek)

275-5097)

habitat

(beaver present in segment as well) during
|summer grazing season. Very low potential
for human sources,

the same place at the same time)

was raining and some it was
not.

lon State Land section in watershed is
currently unregulated

Land Section, permission is required to access State|
Land, stream s in open area with little shade,
willows and steep banks limit access to water. Most
recreational use in California Park is by hunters. No
developed recreation faciliies in the area.

Upper Colorado River Basin with the E coli numeric
criteria of 630 cts/ml. Data shows Class N standard is
met, even with wildlffe contribution.

star

m Task 3. E coli Survey_Master 09 08.xls

Some estimate that 50 stream segments in Colorado could be impacted by the current
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Update on E. coli Work
Group Progress

Jim McCarthy
City of Arvada
and
Jane Clary
Wright Water Engineers, Inc.
March 17, 2008



Colorado Watershed Protection Fund
Grant Tasks

1. Annotated bibliography of existing E. coli

resources by topic with hyperlinks to web
resources

2. Evaluation of the EPA Report on the Experts
Scientific Workshop on Critical Research
Needs for the Development of New or Revised
Recreational Water Quality Criteria

3. Annotated Summary of 303(d) Listed Streams
to Identify Common Characteristics, General
Issues and Possible Common Approaches

4. Presentation of Findings



1. Bibliography

e In progress

e Representative Topics
— Stormwater BMP Performance
— TMDLs—Varying approaches around the country
— Monitoring/Analysis
— Evolving water quality criteria
— Source controls
— Natural sources—Iland use
— Modeling issues
— Grazing/agriculture



TMDL Survey Major FIndings

Many bacteria TMDLS, but no one-size-fits all
approach

Some target reductions in geographic areas, but
most target specific sources (e.g. dogs, septic,
llicit connections)

Computer models have been used successfully,
Incorrectly and avoided...Similar findings for
Microbial Source Tracking

Tendency to go with a number, even If not based
on adeqguate data

Did not identify any TMDL that has met all goals,
although many have moved toward goals

GIS Is a key tool



TMDL Survey Major Findings
(cont.)

Some focus on watersheds, others on stream
segments

Social/community issues factor into TMDLs—
Important to keep parties at the table

Load reductions commonly specified (not just
numeric target)

Stormwater and non-point sources typically targeted,
WWTPs typically not the source

Monitoring typically specified
Adaptive management is a must

Adequate and consistent funding is critical to
measurable success



Fecal Colforn Concentration

Stormwater BMP Performance
Implications for MS4 Permits

Figure 1. Notched Box and Whisker Plots Summarizing Paired Fecal Coliform
BMP Monitoring Results (Source: International Stormwater BMP Database 2007)
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Figure 2. Comparison of Geometric Mean E. coli Data for Stormwater BMPs in
International Stormwater BMP Database
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Task 2.

Proceedings ol the Expents Scientific

. Workshop on Critical Research Needs
Ove VI eW Of for the Development of New or Revised

Recreational Water Quality Critenia

“Pellston Style
Workshop
Bacteria Report”

Presented by
Jane Clary
Wright Water Engineers, Inc.
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February 2008




Background

— EPA invited 43 U.S. and international experts from academia,
numerous states, public interest groups, USEPA and other
federal agencies (“Pellston”-style workshop)

— Meeting in March 2007, Report in June 2007

— To discuss the state of the science on recreational
water quality research and implementation issues to
support revised criteria by 2012.

— The purpose was for EPA to obtain input from
experts on the “critical path” research/needs in the
near-term (2-3 yrs) for developing scientifically
defensible new or revised recreational ambient
water quality criteria.



Why Are New/ Revised Criteria Needed?

e “Designed to protect swimmers from illnesses
due to exposure to pathogens in recreational
waters, the existing criteria are more than 20
years old.” (EPA website)

e “1986 criteria provide defined criteria at a
single risk level but do not provide for
adjustment based on other sources of
Information such as sanitary investigations or
source identification.” p.166




Why (cont., p. 145)

e The 1986 criteria provide minimal implementation
guidance.

 Due to most States’ interpretation..., the criteria tend to
be treated as requiring compliance at all times and Iin
all waters. This interpretation has caused considerable
problems in the assessment and TMDL arenas.

 Any new or revised criteria must include
Implementation guidance that allow for methods to
address issues such as extreme flows and nonhuman
sources of fecal contamination.




Why (cont. from p.166)

« The original basis for the 1986 criteria were freshwater
and marine water epidemiological studies conducted at
a limited number of sites with restricted geographic
extent and waterbody type (lake beaches and marine
beaches).

o “A concern exists that single value criteria may not be
applicable to all waters across the United States—for
Instance,

 In developing new criteria, epldemlologlcal data or
guantitative mlcroblologlcal risk assessment (QMRA)
for as wide a variety of fresh and marine waters as is
possible should be used.




Workshop Process

Assessme Primary Alternatives for
Atematives (based on NPDES Contact Water Quality
monitoring Permitting Waters Notification
data)
Alternatives I
TMDLs Other
Indicators

Figure 3. Flow Diagram of How the Workgroup Topics
Contribute to the Development and Implementation of New or
Revised Recreational Water Quality Criteria.



EPA Suggests a Toolbox
Approach

* |Increased flexibility for
better nation-wide
application

e Equivalent risk levels
must be achieved,
regardless of selected
tool

* Implementation issues
exist related to how to
relate different “tools”




Table 1. WHO Classification Matrix for Integrating Microbial Water
Quality as Measured by Enterococci Density with Sanitary Inspection

Category.
Microbial Water Quality Assessment Category
(95" percentile intestinal enterococc/T00m
A B C D Exceptional
<40 41-200 201-500 =500 circumstances
Sanitary Very low Very good Very good Follow up' Follow up’
Inspection Low Very good  Good Fair Follow up'
Category Moderate Good” Good Fair Poor Action
(susceptibility to  High Good® Fair’ Poor Very poor
faecal influence) Very high Follow up®* Fair Poor Very poor
Exceptional :
circumstances Action

Notes:

' implies non-sewage sources of faecal indicators (e.g, livestock), and this should be verified (section 4.6.2).

* indicates possible discontinuous/sporadic contamination (often driven by events such as rainfall). This is most commonly
associated with Combined Sewer Overflow (CS0) presence. These results should be investigated further and initial follow-
up should include verification of sanitary inspection category and ensuring samples recorded include “event”™ periods.
Confirm analytical results. Review possible analytical errors (see section 4.6.2).

¥ In certain circumstances, there may be a risk of transmission of pathogens associated with more severe health effects
through recreational water use. The human health risk depends greatly upon specific (often local) craumstances. Public
health authonties should be engaged in the identification and interpretation of such conditions {section 4.65).

* Exceptional circumstances (see section 46.5) relate to known periods of higher risk. such as during an outbreak with a

pathogen that may be waterborne, sewer rupture in the recreational water catchment, etc. Under such drcumstances, the
classification matrix may not fairly represent risk/safety.

SOURCE: WHO, 2003.




Table 2. Numerical Microbiological Water Quality Assessment Classification for
Fresh (Inland) and Marine (Coastal and Transitional) Bathing Waters for the 24 EU
Member States.

Inland (Fresh) Waters

Indicator Excellent Good Sufficient
(Intestinal) enterococci (cfu/100 mL) 2007 400" 3607
E. coli (cfu/100 mL) 500" 1.000° 900
Coastal and Transitional (Marine) Waters

Indicator Excellent Good Sufficient
(Intestinal) enterococci (cfu/100 mL) 100" 200" 200
E. coli (cfu/100 mL)- 250" 500" 500"

Notes: <Based on a 95™ percentile evaluation; = Based on a 90™ percentile evaluation to
reduce the risk of stafistical anomalies when using a small data set, which also allows lower limit
values for enterococci and E. coli densities in inland waters to be classified as sufficient versus
good microbiological water quality.

Source: Adapted from EP/CEU (2006).



Timing/Notification Issues
Changes in Indicator Concentrations
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Figure 4a. Enterococci (MPN/100 mL) Sampled Every 10
Minutes at a Beach in California. (The reference background
denotes the range of single sample exceedance.) SOURCE: A.B.
Boehm, unpublished data (ENTEROLERT assay).



High Priority Model Research
Processes Affecting Fate and Transport
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Figure 5. The Possible Fates of Microbes (Fecal Indicators and Pathogens) in
Environmental Water and Sediment (the fate of nucleic acids may be different:
this figure does not include those sources). SOURCE: Adapted from Olivien et
al. (2007).



Summary of
“Critical Path Research”

. Human health impacts from different
sources of fecal contamination

. Measurement issues: climatic,

geographic, and temporal variability

. Determining risk level and
subpopulations of concern

. Indicators and methods for measuring
fecal contamination



Conclusions from Review of
EPA Experts Report

EPA report addresses many of the concerns of
Colorado communities faced with bacteria
TMDLs.

Critical path research needs have been well
identified. EPA appears to have a good
process with expert input.

Colorado TMDLs have a timing issue due to
revised EPA criteria in 2012.

Some topics may warrant more detailed
discussion by E. coli workgroup.



Task 3. Colorado’s 303(d) List—
What are the common factors?

22 segments with widely varying
characteristics

— Urban

— Agriculture

— Transitional urban-agriculture

— National Forest

Varying degrees of recreational use

— Swimming/kayaking

— Incidental ingestion potential, but no
swimming

Varying degrees of knowledge on sources

— Human sources

— Natural sources

What should TMDLSs look like given these
differences and the evolving state of the
science and possibly changing water quality
standards?
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Getting Real with Bacteria, Stormwater BMPs, and TMDLSs
By Jane Clary® and Jonathan Jones?, P.E., D.WRE

Many communities throughout the United States are faced with Total Maximum Daily
Loads (TMDLs) for bacteria, typically for either E. coli or fecal coliform. For local
governments responsible for National Pollutant Discharge Elimination System (NPDES)
Municipal Separate Stormwater (MS4) permits, this issue can be particularly challenging
and many questions arise with regard to whether stormwater best management practices
(BMPs) can reduce bacteria in stormwater runoff. In Colorado, 22 stream segments are
listed on the State 303(d) list for E. coli, with 16 additional segments included on the
State’s Monitoring and Evaluation list. Many valid questions exist regarding how
attainable current stream standards are and what measures are truly meaningful in
reducing bacteria in streams and in development of meaningful TMDLSs.

This paper will provide national, state and local perspective on these issues based on a
variety of research including:

1) Analysis completed based on the Best Management Practice (BMP) performance
data contained in the International Stormwater BMP Database,

2) Efforts to date under the E. coli Work Group, including a synopsis of key findings
from the U.S. Environmental Protection Agency’s expert panel report on revision
of recreational water quality criteria by 2012, and

3) Examples of real-world bacteria-related issues from diverse local watersheds.

Findings from analysis of these sources of information will be used to provide some
recommendations regarding the types of efforts that are expected to provide meaningful
results in terms of bacteria reduction in stormwater and receiving waters. Implications
for development of TMDLs with the potential to provide real improvement of water
quality will also be identified.

1Senior Water Resources Scientist, Wright Water Engineers, Inc.; 2490 W. 26" Ave., Suite 100A; Denver,
CO 80211; clary@wrightwater.com.

2 Chief Executive Officer, Wright Water Engineers, Inc.; 2490 W. 26" Ave., Suite 100A; Denver, CO
80211; jonjones@wrighwater.com.
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Overview

Basic introduction to the E. coli
ISsue

— EPA and Colorado standards
— 303(d) listings and TMDLs
Efforts of the E. coli Work

Group--approaches to attaining
standards in CO

Local case study: Big Dry
Creek

MS4s and BMPs: what will
really work?




Ambient Water Quality for
Recreational Use (EPA 1986)

e Section 304(a)(1) of the
Clean water Act requires the
EPA to publish criteria for
water quality

 Bacteria criteria released
1976, updated in 1986,
scheduled for update 2012

« EPA Water Quality Criteria
lead to State Water Quality
Standards

uuuuuu

naamah
'.fammn.ncm

oEPA Amb nt

Water Quality
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EPA 1986 Criteria

1972 studies to update US Public
Health Service studies
from1940s/1950s

Marine studies (Cabelli) at beaches:

— New York City, Boston and Lake
Pontchartrain.

Freshwater studies (Dufour) at
beaches:

— Lake Erie, PA and Keystone Lake,
Tulsa

— Contamination from effluents

discharged from single point-sources.

“Does swimming in sewage-
contaminated water carry a
health risk for bathers; and, if
so, to what type of illness?”

STUDY CONDITIONS

Graphic Source: Michael Bloom,
PBS&J, Houston, TX



Current Colorado

E. Coli Numeric Standards
(attainment based on Geometric Mean)

CLASS E CLASSP CLASS N
(Existing Primary (Potential (Not Primary
Contact) Primary Contact
and CLASS U Contact Use) Use)
(Undetermined (5 x Class E)
Use)
126/100 mL 205/100 mL 630/100 mL




What Is Considered Primary
Contact Recreation?

=

e “Recreational activities
where the ingestion of
small quantities of water is
likely to occur. Such
activities include but are
not limited to swimming,
rafting, kayaking, tubing,
windsurfing, water-skiing,
and frequent water play by
children.”




What are the implications?

Over 10,000 impaired streams
natlonally due to bacteria (#1 Ilstlng)

* More bacteria TMDLSs than any &, V.Ml ;
other contaminant

Over 20 stream segments listed for
E. coli on Colorado 303(d) list

— “High priority” ranking for TMDLSs
— Urbanized areas where contact

likely will probably be first (South
Platte Basin)

— Stormwater permit holders need
to understand the issues




Tasks Under Watershed Protection
Fund Grant to Colorado Stormwater
Council/E. coli Work Group

1. Annotated bibliography of existing E. coli
resources (>600 references)

2. Evaluation of the EPA Report on the Experts
Scientific Workshop on Critical Research
Needs for the Development of New or Revised
Recreational Water Quality Criteria

3. Annotated Summary of 303(d) Listed Streams
to Identify Common Characteristics, General
Issues and Possible Common Approaches

4. Sharing Findings and continuing discussions



Ta.S k 2 . Proceedings ol the Expents Scientific
Workshop on Critical Research Needs

OV erv | ew O f for the Development of New or Revised

Recreational Water Quality Critenia

“Pellston Style
Workshop
Bacteria Report”

e 43 experts
March 2007

e Critical path
research needs




Why (cont., p. 145)

e “1986 criteria provide defined criteria at a single risk
level but do not provide for adjustment based on other
sources of information such as sanitary investigations
or source identification.” p.166

 Due to most States’ interpretation..., the criteria tend to
be treated as requiring compliance at all times and In
all waters. This interpretation has caused considerable
problems in the assessment and TMDL arenas.

 Any new or revised criteria must include
Implementation guidance that allow for methods to
address issues such as extreme flows and nonhuman
sources of fecal contamination.




Why (cont. from p.166)

« The original basis for the 1986 criteria were freshwater
and marine water epidemiological studies conducted at
a limited number of sites with restricted geographic
extent and waterbody type (lake beaches and marine
beaches).

o “A concern exists that single value criteria may not be
applicable to all waters across the United States—for
Instance,

 In developing new criteria, epldemlologlcal data or
guantitative mlcroblologlcal risk assessment (QMRA)
for as wide a variety of fresh and marine waters as is
possible should be used.




Workshop Process

Assessme Primary Alternatives for
Atematives (based on NPDES Contact Water Quality
monitoring Permitting Waters Notification
data)
Alternatives I
TMDLs Other
Indicators

Figure 3. Flow Diagram of How the Workgroup Topics
Contribute to the Development and Implementation of New or
Revised Recreational Water Quality Criteria.



Table 1. WHO Classification Matrix for Integrating Microbial Water
Quality as Measured by Enterococci Density with Sanitary Inspection

Category.
Microbial Water Quality Assessment Category
(95" percentile intestinal enterococc/T00m
A B C D Exceptional
<40 41-200 201-500 =500 circumstances
Sanitary Very low Very good Very good Follow up' Follow up’
Inspection Low Very good  Good Fair Follow up'
Category Moderate Good” Good Fair Poor Action
(susceptibility to  High Good® Fair’ Poor Very poor
faecal influence) Very high Follow up®* Fair Poor Very poor
Exceptional :
circumstances Action

Notes:

' implies non-sewage sources of faecal indicators (e.g, livestock), and this should be verified (section 4.6.2).

* indicates possible discontinuous/sporadic contamination (often driven by events such as rainfall). This is most commonly
associated with Combined Sewer Overflow (CS0) presence. These results should be investigated further and initial follow-
up should include verification of sanitary inspection category and ensuring samples recorded include “event”™ periods.
Confirm analytical results. Review possible analytical errors (see section 4.6.2).

¥ In certain circumstances, there may be a risk of transmission of pathogens associated with more severe health effects
through recreational water use. The human health risk depends greatly upon specific (often local) craumstances. Public
health authonties should be engaged in the identification and interpretation of such conditions {section 4.65).

* Exceptional circumstances (see section 46.5) relate to known periods of higher risk. such as during an outbreak with a

pathogen that may be waterborne, sewer rupture in the recreational water catchment, etc. Under such drcumstances, the
classification matrix may not fairly represent risk/safety.

SOURCE: WHO, 2003.




Tahle 5. Comparing Risks (to Humans) from Different Pathogen Sources.”

Source Viruses Protozoa DBacteria

Workgroup  [wuams

Aquatic birds N L L-M

Pers P ective Other (e.g. deer) N M M 42 priotity

.-"s.grifu]rurn] animals

on Re I at | ve Foultry N N M-H

. Other (e.z., cattle, sheep) N M M-H =1 priority
RI S kS Domestic animals
Pets (e.g.. dogs. cats) N L L
Fecal shedding by bathers #3 priority
Adults L L L
Children H H H

///\ Sewage
1 [ |

Mo treatment (combined sewer

V} . -

— overflows) H H H
No treatment (separate storm

sewer overflows) 7* 7 7*
Secondary treatment®* H H M
Plus chlormne®* H H L
M-H
(L with
A increased
Plus UV energy) L
Secondary environments*** L L M

*  Does not have an explicit fate and transport component

Eaisk largely depends on amount of human feces present
** Focus of most (U.5.) recreational water epidemiclogical studies
=*% Sediment suspension and contact with beach sand

=

N = estimated no or neglhigible sk, L = estimated low risk. M = estimated medinm risk,
H = estimated high nisk




Timing/Notification Issues
Changes in Indicator Concentrations
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Figure 4a. Enterococci (MPN/100 mL) Sampled Every 10
Minutes at a Beach in California. (The reference background
denotes the range of single sample exceedance.) SOURCE: A.B.
Boehm, unpublished data (ENTEROLERT assay).



High Priority Model Research
Processes Affecting Fate and Transport
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Figure 5. The Possible Fates of Microbes (Fecal Indicators and Pathogens) in
Environmental Water and Sediment (the fate of nucleic acids may be different:
this figure does not include those sources). SOURCE: Adapted from Olivien et
al. (2007).



EPA Suggests a
Toolbox Approach

* |Increased flexibility for
better nation-wide
application

e Equivalent risk levels
must be achieved,
regardless of selected
tool

* Implementation issues
exist related to how to
relate different “tools”




Summary of
“Critical Path Research”

. Human health impacts from different
sources of fecal contamination

. Measurement issues: climatic,

geographic, and temporal variability

. Determining risk level and
subpopulations of concern

. Indicators and methods for measuring
fecal contamination



Task 3. Colorado’s 303(d) List—
What are the common factors?

22 segments with widely varying
characteristics

— Urban

— Agriculture

— Transitional urban-agriculture

— National Forest

Varying degrees of recreational use

— Swimming/kayaking

— Incidental ingestion potential, but no
swimming

Varying degrees of knowledge on sources

— Human sources

— Natural sources

What should TMDLs look like given these
differences and the evolving state of the
science and possibly changing water quality
standards?




E. coli Work Group Discussions:
What is the current reality?

 Reality is:
— If changes are made to EPA standards, it will be at least 2012;
then not into CO Basic Standards Until at least 2015

— Bacteria TMDLs must move forward within current framework

— WQCD has a draft screening/step-wise process being
discussed with E. coli Work Group

— Currently, the primary options for listed streams:
« TMDL
 Change Use Classification or Resegment (based on UAA)

 Ambient Based Standard (if natural or irreversible
conditions prevent attainment of the standard)

« Wildlife off-ramp in Basic Standards?



Three Colorado Case Studies:
No one size-fits-all solution

e South Platte River Segment 14
— First Colorado bacteria TMDL
— Primary contact recreation “destinations” exist
— Elevated E. coli in dry weather discharges first priority
— MS4 permit primary implementation tool
— All sources assigned 126/100 mL
 Elkhead/Yampa River
— Standard not attained

— Change of use to “Not Primary Contact” for remote area with large elk
herd, some cattle grazing

 Big Dry Creek
— Had a temporary maodification until 12/07
— Mixture of land use and access
— Not a primary contact recreation destination
— Dry weather discharges do not appear to be problem

— Some agricultural contribution, but not used for frequent water play by
children

— Wildlife expected to be a key source
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E. coli (#1100 mL)

Big Dry Creek E. Coli 2003-2007
Seasonal Trend

Figure 7. Monthly Geometric Mean E. coli at Big Dry Creek Instream Locations (2003-2007)
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Part | Dry Weather Screening

FIGURE 1a
PROJECT NO. 971-179.094
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Part 2. Aerial Photo Review
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Reducing Bacteria Loads:
What can realistically be expected?




National Stormwater Quality Database
(Pitt, Maestre, Morchecco 2004)

Fecal Coliforms (colonies/100mL)
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Fecal Colforn Concentration

Stormwater BMP Performance
Implications for MS4 Permits

Figure 1. Notched Box and Whisker Plots Summarizing Paired Fecal Coliform
BMP Monitoring Results (Source: International Stormwater BMP Database 2007)
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Figure 2. Comparison of Geometric Mean E. coli Data for Stormwater BMPs in
International Stormwater BMP Database
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Fecal Coliform (#100mL)

Figure 4. Detention Basin Fecal Coliform Data
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Fecal Coliform (#100mL)

Figure 5. Bioswale (Grass Strips/Swales) Fecal Coliform Data
(13 Studies)
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Agricultural BMPs

BMPs: streambank
protection and fencing,
stream crossings, grade
stabilization, buffer strips,
various barnyard-runoff
controls, nutrient
management, and a low
degree of upland BMPs.

“...fecal coliform
concentrations in base-flow
samples increased over the
study period.

However, reductions for
other pollutants did occur.

In cooperatian with the Wiscomsin Department of Natural Resaurces

Effects of Best-Management Practices in Otter Creek
in the Shehoygan River Priority Watershed, Wisconsin,
1990-2002

Scientific Investigations Report 2005-5009

LL5. Deparmen ol the Imerior



USGS Results

Number of Median concentration

samples for {mg/L)

pre-/post-

Response variable BEMP periods Pre-BMP Post-BMP Significance level
Combined seasons
Total suspended solids 40/40 9.0 5.2 0.02/decrease
Total phosphorus 40/41 0.07 0.074 0.052
Dissolved ammonia nitrogen 40/41 0.0325 0.022 (.06
Biochemical oxygen demand 30/37 2.0 [.1 0.0001/decrease
Fecal coliform 34/37| m (L0002 increase
MNonvegetative season
Total suspended solids 21711 9.0 7.0 011
Total phosphorus 21411 0.07 0.061 0088
Dissolved ammonia nitrogen 21411 0.053 0.03 0.066
Biochemical oxygen demand 20411 12 3 0.001/decrease
Fecal coliform 18/11 m 0.13
Vegetative season

Total suspended solids 19/29 9.0 50 0.29
Total phosphorus 19/30 0.06 0.082 0.004/increase
Dissolved ammonia mitrogen 19/30 0.018 0.021 0.36
Biochemical oxygen demand 19/26 . | 0.029%/decrease
Fecal coliform 16/26 675 2,250 0.001 ¥increase

“The cause of this sharp increase has not been determined.”



What can be
realistically
controlled?

WWTP discharges

lllicit discharges/
connections to
MS4

Domestic pets

— Pet waste
ordinances

— Disposal cans
— Enforcement
Agriculture (in
some cases)

PET WASTE
TRANEINTS DUFEASE
LEASH aMD CLEAN
'] UP AFTER
YOUR PET

/tﬁ
PLEASE KEEP

THIS AREA
CLEAN




Conclusions

Meeting existing EPA criteria and Colorado criteria is
extremely difficult.

There Is not a one-size-fits-all solution.

Ongoing research is needed, particularly with regard to
natural sources and risks to humans.

“Real” sources of bacteria from human sewage should
be corrected.

Pet ordinances should be enforced and waste
receptacles provided in public areas.

Realistic solutions need to be developed that recognize
natural sources Iin a variety of settings.

Engagement of the regulated community is important in
developing realistic solutions.



Questions?

Jane Clary
Wright Water Engineers
clary@wrightwater.com

303-480-1700



Progress Report
Project Name: Colorado E. coli Assessment and Management Project
Grant Contact: Colorado Stormwater Council (on Behalf of the Water Quality Forum’s E. coli

Work Group); Contact: Jill Piatt-Kemper, Chairperson; c/o City of Aurora, 15151 E. Alameda
Parkway; Aurora CO 80012; email: Jpiatt@auroragov.org; tel.: (303) 739-7390.

Grant Category: Planning Grant (2007-2008)
Project Budget: $10,000

Progress Report: The E. coli Assessment and Management Project funded under the Colorado
Watershed Protection Fund is approximately 80% complete and has benefited from the
investment of approximately 100 hours by stakeholders, including local governments, the
Colorado Water Quality Control Division and EPA. The funded portion of this project is on-track
for completed by September 30, 2008. Table 1 briefly describes the status of various work
products. Work products generated to date are attached for more detail.

Task Description Work Product Status
Annotated blbllograp_hy of eX|s_t|ng E. coli Draft bibliography completed and distributed
1 resources by topic with hyperlinks to web
: to stakeholders (see attached)
resources (where available)
Technical Memorandum; Evaluation of
the EPA Report on the Experts Scientific | Detailed Powerpoint presentation
Workshop on Critical Research Needs for | summarizing key issues developed and
2 the Development of New or Revised presented at stakeholder meeting.
Recreational Water Quality Criteria — Discussion anticipated to continue on this
What does it mean to the Colorado topic. Also posted to Water Quality Forum
stream segments listed as impaired for E. | website (see attached).
coli?
Annotated Summary of 303(d) Listed I_Draft spreadsheet developed summarizing
: listed segments (attached). Four meetings
Streams to Identify Common - :
3 - held to discuss issues and approaches to
Characteristics, General Issues and .
) TMDLs (see agendas and/or meeting
Possible Common Approaches .
minutes attached).
Presentation at Water Quality Forum in
February 2008 (see attached), Water
4 Presentation of Findings at 2 Meetings Quality "Forum Retreat  July 2.098 and
planned for Colorado Association of
Floodplain Managers Annual Conference
September 2008 (abstract attached).
Attachments:

Project Budget and Matching Hours Spreadsheets
Work Product to Date for Various Tasks

Progress Summary Prepared by Jane Clary, Wright Water Engineers, August 1, 2008



mailto:Jpiatt@auroragov.org

Progress Report

Support for E. coli Work Group under Colorado Watershed Protection Fund Grant

IV:I\IVLAlIcEe WWE Invoice WWE WWE Invoice
cwer [ s Vrch 14,2008 sl iz ok Totl [ B0 |
Task| Description Work Product Milestone Feb 29, 2008 Description g Description Description Description Description § Remaining in
Funds (through (through (through (through May completed Invoiced K Complete
January 31, February 29, March 31, 31, 2008) through June Tas
Jross 2008) 2008) 30, 2008)
Interim Draft:
Annotated bibliography of existingMarch 2008
1 E. coli resources by topic with ) $3,000 $ 800.00) Begar_| developing $ 550.00 N/A $ 484.00 Qonllnued developing draft $ 1,000.00 Cop(mued Development of s 283400 s 166,00
hyperlinks to web resources Final: draft bibliography. bibliography. Y
(where available) September 4%
2008
TeCTTICAT VeI It DAt peTSTTTTETyOT
Evaluation of the EPA Report on February 2008 Began review of EPA EPA report in
the Experts Scientific Workshop report in preparation Powerpoint, presented
2 [on Critial Research Needs for |, $3,500( s 1,162.83[(°P0° " PIOP $  2,314.50|findings at February work N/A s 3477.33|s 2267
the Development of New or Final: b resen(allorz group meeting. Work 509
Revised Recreational Water September p : product posted on WQF %
Quialing it \hat daac i 12008 it -
Interim Draft: Met with Becky Anthony, Support for May 8, 2008 A
Annotated Summary of 303(d) |eopnary 2008 Helped develop matri Water Quality Control Division stakeholder meeting regarding meeting with EPA. Meeting
Listed Streams to Identify of questions for 303(d) to discuss Colorado TMDLS otential approaches to TMDLS minutes document key issues
3 Common Characteristics, . $3,000] $ 300.00]list of segments for N/A $ 242.00 $ 515.75) pp $ 484.00[related to TMDL development |$  1,541.75| $ 1,458.25
Final: and how the Work Group could in Colorado. Included general
General Issues and Possible distribution to the - . . . in Colorado. Support included
September interact most meaningfully with coordination, meeting minutes 51%
Common Approaches Work Group. L general coordination prior to
2008 the Division and follow-up. . . N "
4 Prest?nlatlon of Findings at 2| Mar-08| ss00| s el s wal s 12100 Presented_syncpsls at March s 12100 s 370,00 04%
Meetings Jun-08| Water Quality Forum meeting.
Total $10,000] $ 2,262.83 $ _ 2,864.50] $_847.00] $ 151575 $ 484.00] $ 7974.08|$ 202592 80%

Z:\Project Files\07\071-141\071-141.000\Engineering\
E coli Work Group Progress Report Aug 08.xis

Wright Water Engineers, Inc.
10/27/2008

Des. by: jkc



Matching Funds to Date for E. coli Work Group

Attendees: December 6, 2007 Hours Rate Value

Terry Baus 2| $ 85| $ 170
Joan Carlson 2| $ 851 % 170
Jane Clary 2 $ -
Mary Fabisiak 2| $ 85| $ 170
Phil Hegeman 2| $ 851 $ 170
Ginny Johnson 2% 851 % 170
Megan Monroe 2| $ 851 $ 170
Jon Novick 2| $ 85| $ 170
Dick Parachine 2l'$ 851 $ 170
Jill Piatt Kemper 2| $ 85| $ 170
Jennifer Richards 2% 851 $ 170
Andrew Ross 2| $ 85 1% 170
Donna Scott 2l'$ 851 $ 170
James McCarthy 2| $ 85| $ 170
Subtotal $ 2,210
Attendees: February 7, 2008 Hours Rate Value

Terry Baus 2| $ 85| $ 170
John Burke 2[$ 85| $% 170
Megan Monroe 2| $ 85| $ 170
Dave Meyer 2| $ 851% 170
Jane Clary 2 $ -
Mary Fabisiak 2| $ 85| $ 170
Becky Dunavant 2| $ 85| $ 170
Mary Gardner 2| $ 851% 170
Becky anthony 2l$ 85| % 170
Phil Hegeman 2% 85 1% 170
Alan Searcy 2l$ 85| % 170
Jill Piatt Kemper 2| $ 85| $ 170
James McCarthy 2| $ 851 $ 170
Joan Carlson 2l $ 85 (% 170
Ken MacKenzie 2% 851 $ 170
Jon Novick 2| $ 85| $ 170
Jennifer Richards 2% 851 $ 170
Sharon Henderson Davis 2| $ 85| 3% 170
Subtotal $ 2,890

Z:\Project Files\07\071-141\071-141.000\Engineering\

E coli Work Group Progress Report Aug 08.xIs

August 1, 2008
page 2



Matching Funds to Date for E. coli Work Group

Attendees: May 8, 2008

Becky Anthony 2 85| % 170
Terry Baus 2 85| % 170
Jane Clary 2 $ -
Richard Meyerhoff 2l $ 85| % 170
Nathan Moore 2| $ 851|% 170
Jon Novik 2l $ 851 $ 170
Joan Carlson 2| $ 85|% 170
Jill Piatt Kemper 2l $ 85| % 170
James McCarthy 2 $ 85|% 170
Megan Monroe 2l $ 85| % 170
Donna Scott 2l $ 85| $ 170
Subtotal $ 1,700
Attendees: June 26, 2008

Becky Anthony 2 85| % 170
Terry Baus 2 85| % 170
Jane Clary 2 $ -
Richard Meyerhoff 2[$ 85| % 170
Nathan Moore 2| $ 85|% 170
Jon Novik 2l $ 85| $ 170
Jill Piatt Kemper 2l $ 85| % 170
James McCarthy 2l $ 85| % 170
Megan Monroe 2l $ 851 % 170
Joni Nuttle 2l $ 85| $ 170
Phil Hegeman 2l $ 851 % 170
Becky Dunavant 2l $ 85| % 170
Dan Scaife 2l$ 85| $ 170
Mary Fabisiak 2l $ 85| % 170
John Burke 2l $ 85| $ 170
Sandra Spence 2l $ 85| % 170
Dave Moon 2l $ 85| $ 170
Todd Harris 2l $ 85| % 170
Jennifer Richards 2l $ 85| $ 170
Ginny Johnson 2l $ 85| % 170
Subtotal $ 3,230
Match To Date 98 $ 7,820

Z:\Project Files\07\071-141\071-141.000\Engineering\
E coli Work Group Progress Report Aug 08.xIs

August 1, 2008
page 3



Matching Funds to Date for E. coli Work Group

*Matching funds reflected above do not include the additional costs of meeting attendance
such as gas, parking, value of conference room, etc. Additional matching time by Jim
McCarthy related to periodic reporting to the Water Quality Forum is also not included.

Z:\Project Files\07\071-141\071-141.000\Engineering\ August 1, 2008
E coli Work Group Progress Report Aug 08.xIs page 4
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