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SECTION 1
INTRODUCTION

Congress has enacted the Water Quality Act of 1987, including Section
319, which encourages States to strengthen their nonpoint source (NPS) water
pollution management programs. Over 4 years from the date of enactment, $400
million is authorized to help States implement their NPS pollution control
responsibilities. Currently, in some States NPS runoff is the largest remain-
ing uncontrolled source of pollution and is the principal cause of remaining
water quality problems.

This report was prepared to examine the extent of current information on
the effects of NPS pollution on aquatic biota by EPA Region, State, and type
of nonpoint source. It is not intended to be an exhaustive review of all
available literature; rather, it is hoped that the report provides an overview
of primary sources representative of NPS pollution impact studies on agquatic
biota. In addition, the report should offer some guidance from the scientific
literature to EPA Regional and State personnel who are responsible for
reviewing and implementing appropriate State monitoring programs to evaluate
site-specific NPS pollution probiems.

After the initial acquisition process in which more than 300 references
were identified, 68 pfimary sources (e.g., research papers and reports) were
selected for review and inclusion in this document. Secondary sources (e.g.,
books or literature review articles) identified in the acquisition process
were used exclusively to locate primary sources. -Although the data reviewed
are insufficient to establish definitive trends in National or Regional NPS
pollution problems, this collection of primary sources does provide an
overview of where NPS pollution effects on aquatic life have been investigated
over the past 20 years, including the specific waterbodies studied, site-
specific nonpoint sources of pollution, monitoring and assessment techniques
used to evaluate the biological community, and resulting impacts on the
aquatic biota. In response to the statement of work, geographic (Regional)
trends in the types of NPS pollutants also are discussed (see Section 5).
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SECTION 2
LITERATURE ACQUISITION

The Research Triangle Institute (RTI) conducted a two-tiered search of
the available information on the effects of NPS pollution on aquatic biota.
First, standard data base and open literature searches of secondary sources
were conducted to identify primary sources for review. Second, appropriate
EPA Regional and State personnel involved in assessing NPS pollution problems
or conducting NPS research were contacted by telephone or in person as part of
RTI's assistance to approximately 30 States in preparation of their 304(1)
reports.

2.1 COMPUTERIZED DATA BASE SEARCH

A computerized data search was conducted of the Nonpoint Source Annotated
Bibliography System at the National Water Quality Evaluation Project (NWQEP)
run by North Carolina State University in Raleigh, North Carolina, to compile
the bibliographic entries. At present, there are approximately 3,000 entries
in the NPS library. Complete information on this NPS data base is provided in
Appendix A for readers interested in accessing this system.

The computerized data base search encompassed all holdings of the NWQEP
Nonpoint Source Annotated Bibliography System, with the following limitations:

. A preliminary key word search included "aquatic," "biological

monitoring," "macroinvertebrate," "fish," "algae," "aquatic

impacts," "bioaccumulation," "bioavailability,” and "biological
impacts." :

. An intensive topic search included all parameters marked with
an asterisk (*) on the newly published NWQEP topic outline (see
Appendix A, page 15). Note: the asterisk (*) applies to all
subheadings appearing below the main item starred.

. Only papers and publications printed in the English language
were reviewed.



Of the more than 300 references identified, 68 were selected for
inclusion in this Titerature review. Several criteria were used to
select papers for this report:

. Only primary sources related to research studies of NPS
pollution effects on aquatic biota conducted within one of the
10 EPA Regions were reviewed (Figure 1).

. Only papers presenting data on NPS pollution effects on aquatic
biota derived from field monitoring activities were reviewed.
Results of laboratory research derived solely from bioassay or
microcosm studies were not included in this review unless the
authors also validated their laboratory findings in field
tests. Papers that extrapcolated potential effects of chemical
or physical water quality changes on aquatic populations
without directly monitoring biota were not reviewed.

. Only papers published within 20 years of initiation of the data
base search were reviewed. Initially the entries reviewed were
limited to documents published since 1977 to keep the
bibliography timely. However, because some topical areas
(e.g., effects of organochlorine pesticides on aquatic life)
were intensively researched from the late 1960's to mid-1970's
but have not been researched as intensively since that time,
the search was extended to the past 20 years with efforts
concentrated on obtaining and reviewing the most recent and
timely papers and reports.

A1l secondary sources (e.g., books and review articles) obtained directly
from the computer data base search that were used to identify primary sources
for review are listed in Appendix B. In addition, the June issues of the
Journal of the Water Pollution Control Federation from 1977 to 1987, which
contain annual reviews of NPS pollution and eutrophication papers, were
reviewed to identify appropriate primary sources.

The two computerized data searches and manual review of books, symposia
series, and review articles on appropriate NPS topics provided approximately
80 percent of the primary sources reviewed in this document.

2.2 TELEPHONE CONTACTS WITH EPA REGIONAL AND STATE PERSONNEL

A second method of identifying primary sources for inclusion in this
literature review was to contact appropriate EPA Regional staff who supervised
NPS projects or who had been involved with State personnel conducting NPS
research for their respective States. Table 1 lists important NPS Program
staff, including the Branch Chief and 10 Regional Coordinators. Table 2 lists
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TABLE 1. OFFICES OF THE U.S. EPA NONPOINT SOURCES
PROGRAM AND REGIONAL COORDINATORS

EPA Office

Contact (phone) States within Region

Headquarters

Office of Regulations and
Standards

Nonpoint Sources Branch (WH-585)
U.S. Environmental Protection
Agency

401 M. St., SW

Washington, DC 20460

EPA Region 1

Water Management Division
John F. Kennedy Office Bldg.
Rm. 2203

Boston, MA (02203

(617) 565-3478

EPA Region 2

Water Management Division
26 Federal Plaza, Rm. 90
New York, NY 10278

(212) 264-2513

EPA Region 3

Water Management Division
841 Chestnut St.
Philadelphia, PA 19107
(215) 597-9410

U.S. EPA Cheseapeake Bay Program
410 Savern Ave.
Annapolis, MD 21403

Carl Myers, Chief
(202) 382-7100

Bart Hague ] Connecticut
(617) 565-3547 Maine
Massachusetts

New Hampshire
Rhode Island

Vermont
Rick Balla New Jersey
(212) 264-0711 New York

Puerto Rico
Virgin Islands

Harvey Mack Delaware

(215) 597-9911 District of Columbia
Maryland
Pennsylvania
Virginia
West Virginia

Lynn Shuyler Delaware

(301) 266-6873 District of Columbia
Maryland
Pennsylvania
Virginia
West Virginia

(continued)



TABLE 1. (continued)

EPA Office

Contact (phone)

States within Region

EPA Region 4

Water Management Division
345 Courtland St., Nt
Atlanta, GA 30365

(404) 347-4450

EPA Region 5

Water Management Division
230 S. Dearborn St.
Chicago, IL 60604

(312) 886-0148

EPA Region 6

Water Management Division
1201 Elm St.

Dallas, Tx 75270

(214) 655-7100

EPA Region 7

Water Management Division
726 Minnesota Ave.

Kansas City, KS 66101
(913) 236-2812

EPA Region 8

Water Management Division
999 18th St., Suite 1300
Denver, CO 80202

(303) 293-1542

Bo Crum
(404) 347-7788

Tom Davenport
(312) 886-0124

Susan Alexander
(214) 655-7140

Bob Steiert
(913) 236-2817

Roger Dean
(303) 293-1571

Alabama
Florida
Georgia
Kentucky
Mississippi
North Carolina
South Carolina
Tennessee

I1linois
Indiana
Michigan
Minnesota
Ohio
Wisconsin

Arkansas
Louisiana
New Mexico
Ok Yahoma
Texas

Iowa
Kansas
Missouri
Nebraska

Colorado
Montana
North Dakota
South Dakota
Utah

Wyoming

(continued)



TABLE 1. (continued)

EPA Office

Contact (phone)

States within Region

EPA Region 9

Water Management Division
215 Fremont St.

San Francisco, CA 94105
(415) 974-8115

EPA Region 10

Water Division
1200 Sixth Ave.
Seattle, WA 98101
(206) 442-1237

Kathryn Kuhlman
(415) 974-8285

Elbert Moore
(206) 442-4181

Arizona
California
Hawaii

Nevada
American Samoa
Guam

Alaska
Idaho
Oregon
Washington
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TABLE 2.

EPA REGIONAL STAFF AND STATE CONTACTS

Contact

Peter Nolan
Tom Fikslin

Judith Weis

Jim Green
Leonard Nowak

Dave Lenat

Alian Thomas
Andrew Smith

Jean Spooner
Kelly Tindle

Geoffrey Scott

Wayne Davis

Michal Bastian
Russ Bowen
Glenda Gross

Jim Piatt

Affiliation
Region 1
Lexington, MA
Region 2
Edison, NJ

Department of Zoology and Physiology

Rutgers University
Newark, NJ

Region 3
Wheeling, WV

Region 4
Atlanta, GA

Department of Natural Resources and

Community Development
Raleigh, NC

U.S. Forestry Service
Asheville, NC

U.S. Soil Conservation Service
Raleigh, NC

NCSU School of Agriculture and Life Sciences

Water Quality Group
Raleigh, NC

School of Public Health
University of South Carolina
Columbia, SC

Region 5
Chicago, IL

Region 6
Dallas, TX

New Mexico Environmental
Improvement Division
Santa Fe, NM
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TABLE 2. (continued)

Contact

Norman Crisp
John Houlihan

Bill Wuerthele
Del Nimmo

Loren Bahls

Milt Tunzi

Evan Hornig

Affiliation
Region 7
Kansas City, MO
Region 8
Denver, CO

Department of Health and Environmental
Sciences
Helena, MT

Region 9
San Francisco, CA_

Region 10
Seattle, WA




other EPA Regional staff and State agency personnel who were contacted by RTI
and who provided reports to RTI on NPS pollution problenms.

The telephone contacts approach, although successful in identifying sev-
eral reports that could be included in this literature review, provided only
20 percent of the primary sources reviewed. Several Regions indicated that
reports germane to this literature review would not be available in final form
until after this document was finalized.
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SECTION 3
LITERATURE REVIEW

Once a primary source was identified and obtained in hard copy, the paper
or report was reviewed and pertinent information was extracted and transferred
to matrix data sheets (Figure 2) to highlight the most important findings of
the research effort.

3.1 EPA REGION AND STATE DESIGNATION

The matrix data sheets are arranged by EPA Region in Appendix C. Within
each Region, the references are alphabetized by State.

3.2 WATERBODY

The name of the waterbody studied and the county in which the waterbody
occurs are given when available.

3.3 NONPOINT SOURCE

The nonpoint source and associated poliutants are identified for each
entry and may fall into one or more of the following categories:

1. Agricultural activities (sediment, nutrients, pesticides,
bacteria, total dissolved solids)

2. Forestry activities (sediment, nutrients, pesticides)

3. Urban runoff (sediment, nutrients, pesticides, bacteria, total
dissolved solids, heavy metals)

4. Mining activities (sediment, total dissolved solids, heavy
metals, acids)

5. Construction activities (sediment, nutrients, pesticides)
6. Hydromodification activities (sediment, total dissolved solids)

7. Landfill leaching (sediment, pesticides, heavy metals, other
toxics)

8. Acid deposition.
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EPA RECION 1

State Walerbody Nonpoint source lmpacts on aqustic biote Source

Figure 2. Matrix data sheet.




3.4 [IMPACTS ON AQUATIC BIOTA

This section of the matrix data sheet summarizes the effects of a
specified nonpoint source activity and associated NPS pollutants (when known)
on a designated biological community (e.g., aquatic plants, algae, periphyton,
zooplankton, benthic.hacroinvertebrates, amphibians, fish, or aguatic birds).
Some pertinent data from the primary reference may be tabulated for the reader
to highlight a specific biological response. In cases where the primary
source is extremely lengthy, only generalized summary statements are given to
describe general trends noted by the author(s).

3.5 SOURCE

The literature source is the last entry on the matrix data sheet, and the
reader need only refer to the annotated bibliography in Appendix D to look up
the corresponding reference for that paper. The annotated bibliography is
arranged alphabetically by author and is cross-referenced in the lower right
corner to the corresponding matrix data sheet by EPA Region number(s) and
State abbreviation(s).
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SECTION 4
ANNOTATED BIBLIOGRAPHY

.Appendix D contains the annotated bibliography of NPS pollution documents
written by Federal, State, and private researchers that are reviewed in this
document. It is not intended to be an exhaustive listing of ail available
primary sources; rather, it is hoped that the bibliography provides an
overview of the principal research areas studied over the past 20 years that
are generally representative of NPS pollution impact studies.

The bibliographic entries are arranged alphabetically by author. Besides
containing information on the paper or report title, authorship, publication
date, publisher, page length, and report number(s), each entry also has an
abstract adapted from the primary source document. If the complete document
or paper is needed, the reader can obtain it by writing to the publication
source ("available from:") listed on the bibliographic sheet.

Moreover, each bibliographic entry is cross-referenced in the lower right
corner to the corresponding matrix data sheet using the EPA Region number and
State abbreviation(s).
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SECTION 5
RESULTS

One of the original objectives of this review was to assess geographic
(Regional) trends that might emerge from the literature on nonpoint sources of
pollution. The primary sources collected, however, do not lend themselves to
analysis of Regional trends. Due to time and funding constraints, the
literature review was not exhaustive. In addition, many primary sources that
dealt solely with chemical or physical changes in water quality parameters
resulting from NPS pollution could not be included in this review because they
failed to meet the criteria for inclusion in the literature review (i.e., they
failed to provide biomonitoring data for assessing changes in aquatic biota).

This literature review is biased toward primary sources published in
peer-reviewed journals or EPA reports; the review does not identify a large
body of literature (primarily State water quality reports) that address
current NPS pollution problems. Thus, trends that might emerge from a review
of this small number of subjectively chosen primary sources cannot be assumed
to be indicative of either the magnitude or distribution of NPS pollution
problems in the United States. Finally, despite efforts to identify research
projects conducted in each Region, the EPA Regions are not equally represented
by the reviewed literature. Distribution of the primary sources by Region is
as follows:

Region No. of sources

OCOWOWRNOUTEWN —

—
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This difference in Regional representation precludes any discussion of
Regional NPS pollution trends of the reviewed literature.

A far less biased approach to assessing current trends is available by
using responses of all States to a set of NPS issues such as can be gleaned
from America's Clean Water: The States' Nonpoint Source Assessment (1985),
prepared by the Association of State and Interstate Water Pollution Control
Administrators (ASIWPCA), or from the more recent report, National Water
Quality Inventory 1986 Report to Congress (U.S. EPA, 1987). Several national
trends are also noted in the latter based on information supplied by each
State in their respective 1986 305(b) reports.

5.1 NATIONAL NPS TRENDS

Nationwide, NPS pollution is a significant problem that is responsible
for 76 percent, 65 percent and 45 percent, respectively, of the impairment of
lakes, rivers and streams, and estuaries reported by States in their 1986
305(b) reports (Figure 3).

Among the 31 States that provided statewide data on lakes not fully
supporting uses, nonpoint sources were the principal sources affecting 76
percent of assessed lakes. Point sources affected 9 percent of impaired lakes
(8 percent municipal, 1 percent industrial), while 12 percent impairment was
related to natural and 3 percent to unknown sources.

Among the 37 States providing data on river miles not fully supporting
uses, nonpoint sources were again the principal source, affecting 65 percent
of assessed river miles where designated uses were impaired. Point sources
affected 27 percent of impaired rivers and streams (17 percent municipal, 9
percent industrial, and 1 percent combined sewer overflows), while natural and
unknown sources accounted for 6 percent and 2 percent, respectively, of use
impairment.

Among the 16 States reporting on sources of pollution in estuarine waters
that do not support designated uses, nonpoint sources were the principal cause
of impairment (45 percent), while point sources affected 34 percent (22
peréent municipal, 8 percent industrial, and 4 percent combined sewer
overflows), and unknown and natural sources accounted for 18 percent and 3
percent, respectively, of use impairment.

The magnitude of NPS pollution is becoming increasingly evident as the
States improve their ability to assess the causes of use impairments. Sixteen
States identified nonpoint sources as an issue of special concern in their
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Figure 3. Relative causes of nonsupport in various aquatic
ecosystems (adapted trom U.S. EPA, 1987).
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1986 305(b) reports (Figure 4). Of 52 States and territories that ranked the
impact of nonpoint sources, 33 found nonpoint sources to be a major problem,
14 found them to be a moderate problem, 1 reported only minor impacts, and 4
reported that nonpoint sdurces were a problem of unknown magnitude (U.S. EPA,
1987).

The nonpoint sources reported as major causes of use impairment of State
waterbodies are shown in Figure 5. Agricultural activities and urban runoff
were reported by more than half the States as the major causes of waterbody
impairment, followed by construction runoff, mining activities, landfill
1eaching, hydromodification, and forestry activities. The most widely
reported NPS pollutant of concern was fecal coliform bacteria, followed
closely by nutrients, turbidity (sediment), and biochemical oxygen demand
(BOD) /dissolved oxygen (DO) (Figure 6). Other pollutants included heavy
metals, pesticides/organics, and pH/acidity (U.S. EPA, 1987).

5.2 REGIONAL NPS TRENDS

Regional trends in nonpoint sources can be constructed from several
sources of information collected by States, by EPA, or by other Federal
agencies. Information on geographic trends is presented on maps where
practical. Not all information sources are as current as others, and some
trends are based on specific assumptions made from the available data.
Readers should consult the original papers cited for specific information on
sampling procedures and specific criteria used in data analysis. With these
limitations noted, some geographic trends in NPS pollution are presented in
the following discussion.

5.2.1 Agricultural Activities

Agricultural activities include crop production and animal production
operations. NPS pollutants from agriculture fall into five basic categories:
sediment, nutrients, pesticides/herbicides, bacteria, and total dissolved
salts (U.S. EPA, 1983). Figure 7 shows the extent of water-caused erosion
(toﬁs of soil lost/acre) from the estimated average annual erosion on all U.S.
cropland in 1982 (U.S. Department of Agriculture, 1987). The reader should
note that water-caused erosion includes sheet and rill erosion, but excludes
loss of soil from wind erosion that can be significant, particularly in the
arid western States.
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The magnitude of soil erosion on crop]and'is assumed to be directly
proportional to the intensity of agricultural practices in a given State. As
seen in Figure 7, water-caused erosion from agricultural cropland is most
severe in Region 7 (IA, MO) and Region 4 (KY, TN, AL, GA, MS, NC), followed by
Region 5 (IL), Region 3 (VA), and Region 9 (HI). The Caribbean territories in
Region 2 (U.S. Virgin Islands and Puerto Rico) are not shown on the map, but
have the highest overall erosion rate (11.05 tons of soil lost/acre). Water-
bodies in the geographic areas exhibiting high water-caused erosion rates are
likely to have the highest potential for NPS pollution impacts from sediment,
nutrients, total dissolved solids, pesticides/herbicides, and bacteria.

5.2.2 \Urban Runoff

Urban runoff results from precipitation that flows over urban areas and
gathers airborne particles and chemicals; it also results from the subsequent
runoff water that collects sediment, bacteria, nutrients, pesticides/herbi-
cides, and other toxic chemicals as it flows across paved and unpaved urban
surfaces. The resulting polluted runoff is often discharged into receiving
waterbodies via storm sewers.

Figure 8 shows the location of U.S. cities with populations of more than
200,000 inhabitants as of 1980 (U.S. Department of Commerce, 1983). It has
been assumed for this discussion that the extent of urban runoff is related to
the number and sizes of cities in a given area. The 1980 U.S. population for
cities with a population of more than 200,000 inhabitants is given in Table 3.
The total number of cities with a population of more than 200,000 is
summarized by Region below:

Number of cities
Region >200,000 inhabitants
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Figure 8. Location of U.S. cities with populations of more than 200,000 inhabitants
(adapted from U.S. Department of Commerce, 1983).




TABLE 3. U.S. CITIES WITH 1980
POPULATION GREATER THAN 200,000 INHABITANTS?

City Population City Population

EPA Region 1

Boston, MA 562,994

EPA Region 2

New York, NY 7,071,639 Rochester, NY 241,741
Buffalo, NY 357,870 Jersey City, NY 223,532
Newark, NJ 329,248

EPA Region 3

Philadelphia, PA 1,688,210 Virginia Beach, VA 262,199
Baltimore, MD 786,775 Norfolk, VA 266,979
Washington, DC 638,333 Richmond, VA 219,214
Pittsburgh, PA 423,938

EPA Region 4

Memphis, TN 646,356 Louisville, KY 298,451
Jacksonville, FL 540,920 Birmingham, AL 284,413
Nashville-Davidson, TN 455,651 Tampa, FL 271,523
Atlanta, GA 425,022 St. Petersburg, FL 238,647
Miami, FL 346,865 Lexington-Fayette, KY 204,165
Charlotte, NC 314,447 Jackson, MS 202,895

Mobile, AL 200,452

EPA Region 5

Chicago, IL 3,005,072 Cincinnati, OH 385,457
Detroit, MI 1,203,339 Minneapolis, MN 370,951
Indianapotis, IN 700,807 Toledo, OH 354,635
Milwaukee, WI 636,212 St. Paul, MN 270,230
Columbus, OH 564,871 Akron, OH 237,177
Cleveland, OH 573,822 Dayton, OH 203,371

EPA Region 6

Houston, TX 1,595,138 Austin, TX 345,496
Dallas, TX 904,078 Tulsa, OK 360,919
San Antonio, TX 785,880 Baton Rouge, LA 346,029
New Orleans, LA 557,515 Albuquerque, NM 331,767
El Paso, Tx 425,259 Corpus Christi, TX 231,999
Oklahoma City, OK 403,213 Shreveport, LA 205,820
Fort Worth, Tx 385,164
(continued)
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TABLE 3. (continued)

City Population City Population
EPA Region 7
Kansas City, MO 448,159 Omaha, NE 314,255
St. Louis, MO 453,085 Wichita, KS 279,272
EPA Region 8
Denver, CO 492,365
Colorado Springs, CO 215,150
EPA Region 9
Los Angeles, CA 2,966,850 Tucson, AZ 330,537
San Diego, CA 875,538 Oakland, CA 339,337
Phoenix, AZ 789,704 Sacramento, CA 275,741
Honolulu, HI 762,874 Fresno, CA 218,202
San Francisco, CA 678,974 Anaheim, CA 219,311
San Jose, CA 629,442 Santa Ana, CA 203,713
Long Beach, CA 361,334
EPA Region 10
Seattle, WA 493,846
Portland, OR 366,383

dData from U.S. Department of Commerce, 1983.
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Regions 4, 5, 6, and 9 have the largest number of cities in this category
(>200,000 inhabitants). However, the six most densely populated cities are in
Regions 2 (New York), 3 (Philadelphia and Baltimore), 5 (Chicago and Detroit),
6 (Houston), and 9 (Los Angeles). Within Regions 1, 2, and 3, the megalopolis
extending from Boston, New York, Philadelphia, and Baltimore to Washington, DC
contains a densely populated interstate urban corridor. A similar interstate
urban area exists in the Midwest (Region 5) encompassing Detroit, Toledo, and
Cleveland. Within Region 6 in Texas, the cities of Fort Worth, Dallas,
Austin, San Antonio, and Houston form a large but more dispersed urban
cluster. In Region 9 in California, two highly urbanized clusters are formed
by San Francisco, Oakland, San Jose, and Sacramento and also by the Los
Angeles, Long Beach, Santa Ana, Anaheim, and San Diego corridor and in Hawaii,
by Honolulu on the island of Qahu.

5.2.3 Construction Runoff

Although construction activities are temporary events, they are
responsible for a large amount of localized environmental damage to nearby
waterbodies associated with erosion of disturbed surface soils. By volume,
sediment is the major pollutant resulting from construction projects (e.g.,
highway, residential, or industrial building). An acre undergoing
construction may produce sediment losses of 40,000 times that of an adjacent
acre of undeveloped woodland (U.S. EPA, 1983).

A study conducted by the U.S. Soil Conservation Service (1978-1979) to
assess construction site erosion found it accounted for only 1.4 percent of
all erosion (U.S. EPA, 1983); however, construction sites in 10 States
accounted for more than 60 percent of all construction erosion nationwide (see
Table 4). Of these 10 States, those in Region 4 (AL, NC, GA, TN, KY)
accounted for 38 percent; Region 6 (LA, 0K, TX) accounted for 16 percent;
Region 3 (PA) accounted for 3.9 percent; and Region 5 (OH) accounted for
3.8 percent. Total annual erosion from construction activities for Alabama
was twice that of the next highest State monitored. The remaining 40 States
together accounted for less than 39 percent. Population shifts to the sunbelt
States are likely responsible for increasing highway, residential, and
industrial construction, particularly in Region 4, which contributes to the
trend toward increased construction runoff.
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TABLE 4. SOIL EROSION FROM CONSTRUCTION SITES

(adapted from U.S. EPA, 1983)

Tons of erosion

Percent of

Region State (in thousands) national total
3 Pennsylvania 3,126 3.9
4 Alabama 13,653 17.1
4 Georgia 3,817 4.8
4 Kentucky 2,970 3.7
4 North Carolina 6,674 8.3
4 Tennessee 3,280 4.1
5 Ohio 3,004 3.8
6 Louisiana 5,071 6.3
6 Oklahoma 4,231 5.3

Total of 10 States 49,354 61.7
Total of other 40 States 30,586 38.3
Total erosion 79,940 100%
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5.2.4 Mining Activities

NPS impacts to rivers and lakes are produced from a variety of mining-
related activities. Acid mine drainage occurs when sulfur-bearing minerals
are exposed during mining operations, resulting in the formation of sulfuric
acid in the presence of water and air. The resulting acidic waters may
dissolve heavy metals from geologic formations. Major NPS pollutants of
concern associated with mining activities include pH/acidity, heavy metals,
and sediment.

Figure 9 shows the nine States that cited mine drainage as a special con-
cern in their States' 1986 305(b) reports. By Region, the States include:
Region 1 (ME), Region 3 (PA, MD, WV), Region 4 (KY, AL), Region 7 (MO), Region
8 (MT), and Region 9 (CA). Region 3 contains the largest number of States
reporting mining activities as a NPS concern.

5.2.5 Forestry Activities

Silviculture activities encompass the cultivation and harvest of timber
for commercial uses. NPS impacts can result from site preparation, tree
harvesting activities, fertilization, pesticide/herbicide use, reforestation
activities, fire suppression activities, and road building (U.S. EPA, 1983).
NPS pollutants from silviculture activities include sediment, nutrients, and
pesticides/herbicides.

The percentage of land area in each State in commercial forest production
is shown in Figure 10." NPS pollution impacts from forestry activities appear
to be most likely in Region 1 (ME, VT, NH, MA, CT, RI), Region 3 (WV, PA, VA)
Region 4 (AL, GA, NC, SC, MS), and Region 10 (OR, WA) based on the percentage
of commercial forest land. According to U.S. Forest Service estimates, timber
production will continue to be concentrated primarily in the Pacific Northwest
States and the South (U.S. EPA, 1983). Although it can be a severe local
problem, silviculture-related pollution does not appear to be a problem of
widespread national significance (U.S. EPA, 1983).

5.2.6 Acid Deposition

Acid deposition occurs in the United States due largely to sulfur dioxide
and nitrogen dioxide emissions from industrial processes, combustion, and

“Approximately 67 percent (500 million acres) of forest land is classified as
commercial forest--land capable of producing 20 cubic feet of woody fiber per
acre per year (U.S. EPA, 1983).
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Figure 9. States reporting mining-related problems as a special concern
in their 1986 305(b) reports (from U.S. EPA, 1987).
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mobile sources; however, oxidants such as ozone, hydrogen peroxide, and
organic free radicals are also associated with and required for the production
of sulfuric and nitric acid, which cause acidic rain (National Acid Precipita-
tion Assessment Program, 1987).

Acid deposition was cited in the 1986 305(b) reports of 13 States as an
NPS problem of concern. These States are shown in Figure 11 and include
Region 1 (ME, NH, MA, CT), Region 2 (NY, NJ), Region 3 (PA, MD), Region 4 (FL,
TN), Region 6 (LA), and Region 8 (MT, WY). Most of these 13 States cited
lowering of rainwater pH as evidence of potential problems (U.S. EPA, 1987).
Based on rainwater pH, the New England States (Region 1) and Mid-Atlantic
States (Regions 2 and 3) appear to be most severely affected by the acid
deposition problem (U.S. EPA, 1987).

A slightly more extensive area affected by acid deposition has been
reported in several other recent studies. Figure 12 shows a map of pH in
rainfall over the United States based on 1985 annual precipitation-weighted pH
values from the National Acid Precipitation}Assessment Program (NAPAP). The
most acidic rain encompassed by the 4.2 pH contour includes western
Pennsylvania, eastern Ohio, and northern sections of West Virginia and
Maryland. Rainfall with a pH of 4.4 or less encompassed Region 1 (southern
ME, VT, NH, MA, CT, RI), Region 2 (NY, NJ), Region 3 (PA, DE, MD, WV, VA},
Region 4 (western NC, TN, KY), and Region 5 (OH, IN, MI, eastern IL). An
almost identical spatial distribution pattern is reported for median pH of
rainfall from a study by Semonin et al. (1987) using National Acid Deposition
Program (NADP) network data. Knapp et al. (1988} reported that the 10 NADP
sites where the most acidic rain was collected from January 1979 to December
1984 were located in Region 2 (NY), Region 3 (PA and WV), and Region 5 (OH).
In their study, sites with a median pH 25 were all located west of a line
extending from northwestern Wisconsin to the Gulf Coast of Texas. Because
precipitation is greater in the East than in the western United States, both
the intensity and amount of acidic inputs to both terrestrial and aquatic
ecosystems are greater in the East (Knapp et al., 1988). Acid deposition
appears to be a more severe NPS pollution problem in the eastern United States
than in the western United States.
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5.3 BIOMONITCRING TRENDS

Even though the nature of this Viterature review precludes any discussion
of Regional NPS pollution trends on aquatic life, some trends emerge with
respect to the type of nonpoint sources studied using biomonitoring techniques
and the nature of the aquatic community chosen to monitor NPS impacts. With
respect to the nonpoint sources studied, 69 percent of the reviewed primary
sources reported effects on aquatic biota from agricultural activities,
forestry activities, or urban runoff. Agricultural activities (including
7 percent land use studies), forestry activities, and urban runoff represented
38, 16, and 15 percent, respectively, of the nonpoint sources of pollution in
the literature review. The remaining 31 percent reported impacts to aquatic
biota from mining activities (13 percent), construction activities (12 per-
cent), acid deposition (3 percent), hydromodification activities (1.5 per-
cent), and landfill leaching (1.5 percent) (see Figure 13).

With respect to the effects of NPS pollution on aquatic biota, 65 percent
of the papers reviewed reported changes to only one group of biota, 25 percent
reported changes to two groups, and 10 percent reported changes to three or
more different groups of biota at various trophic levels in the aquatic
community. Of those authors using only one group of biota to monitor NPS
pollution effects, 68 percent selected macroinvertebrates, 21 percent selected
fish, and 11 percent selected other groups (i.e., amphibians, algae/periphy-
ton, aquatic plants, or zooplankton). Of those authors using two groups of
biota to monitor NPS pollution effects, 60 percent used both macroinverte-
brates and fish, while 40 percent used various combinations of macroinverte-
brates or fish with another group. Of those using three or more groups, all
monitored effects on both macroinvertebrates and fish in addition to a variety
of other groups of aquatic biota.

Macroinvertebrates and fish were the predominant groups of choice as
bioindicators of NPS pollution for the literature reviewed. Overall, 47
percent of the primary sources reviewed monitored changes in the
macroinvertebrate community, 25 percent in the fish community, 17 percent in
the algal or periphyton community, 5 percent in aquatic plants (macrophytes),
3 percent in zooplankton, 2 percent in amphibians, and 1 percent in aquatic
birds (Figure 14). The statistical analysis of biological monitoring data was
most extensive and rigorous for the macroinvertebrate and fish communities
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studied and included (1) the use of a variety of species versity indexes and
biotic condition indexes, as well as (2) the analysis of taxa richness,
eveness, density, biomass, and the presence or absence of recognized
pollution-intolerant or pollution-tolerant species for assessing the effects
of NPS pollutants.
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The NWQEP ANNOTATED NPS LIBRARY
INTRODUCTION

The NCSU Water Quality Group has about 3,000 holdings in its computerized
Non-Point Source (NPS) Library at present. Each holding is assigned a holding
number which identifies it in our library. The protocol for these assignments
is to number them chronologically as they are received. The holdings consist
of articles from refereed journals, reports from state and federal agencies,
chapters from books and conference proceedings, NPS project reports, and non-
refereed research reports presented at meetings. The NWQEP library has hard
copies of most of the holdings, which may be made available for loan.

A topic number outline (see TOPIC OUTLINE section) is available which
includes such main categories as Agricultural Pollution and Management Prac-
tices , Water Quality, Data Treatment, Crops, Legislation, and Agencies. Sub-
level topics for each of these categories give more detail to each topic
number. Further delineation to sublevel topic is designated by successive
digits in the topic number. Each holding has been reviewed and assigned a
topic number from the topic number outline. Four additional topic numbers
(referred to as subtopcis) can be assigned to an article.

A short annotation of up to 20 typed lines (72 characters per line), is
written to summarize those aspects of the article which pertain to agri-
cultural or urban water quality issues, control practices, or effects. If the
annotation is the author's abstract, the annotation begins with 'ABS.' Other-
wise, it was written by one of the NWQEP staff. Annotations too long to fit
in the allotted space on the computer system are shortened.

The computerized library may be accessed through the card file or by an
interactive retrieval program which runs SAS jobs to search the data base
either by keywords on titles and/or annotations, author, or by topic number.
Using the interactive program, articles can be retrieved by author even if the
author requested is not the primary author, but appears as one of the second-
ary authors. A search by a general topic number will vyield all subtopics
nested within that number. A more specific topic number request will retrieve
only those subtopics nested below in the outline, along with the requested
subtopic. The user is given the choice of requesting both the citations with
annotations or just the citations in any given search.

The attached bibliography is a listing of the current computerized

library arranged in major topic number order within each topic number, arti-
cles are arranged by year of publication and article number.

SYSTEM OBJECTIVES

The Nonpoint Source Control Water Quality Evaluation and Technical
Assistance Library System (LS) was created to meet five objectives:

(1) To document the availability of publications related to various
aspects of nonpoint source control.



(2) To identify publications on a topilc-specific basis so that the wuser
may efficiently .search the literature.

(3) To enable easy access from one point in the system to any other
point in the system,

(4) To provide a continuous update of information for the preparation of
reports on BMP effectiveness.

(5) To provide enough flexibility to allow for expansion of the system
beyond Objective 1.

SYSTEM DESCRIPTION

The LS consists of six components which are integrated in such a way that
the user may find information at several levels (Figure 1). The user has
access from one point in the system to any other point in the system as shown
in Figure 1.

Outline. The outline is arranged by topic with each major level and sublevel
assigned a decimal number. Major topic levels (e.g. legislation, agencies,
agricultural management practices) are assigned integral numbers (l,2,3,etc.)
and topic sublevels (e.g. Federal, statewide, fertilizer) are given decimal
fraction numbers (1.1, 1.11, 1l.111, etc.). In the event that more than nine
topic sublevels exist at any level in the outline, the upper case letters
(A,B,C, etc.) are used (e.g. 1.8, 1.9, 1.A, 1.B, etc.). Changes and additions
to the outline are facilitated by the fact that the outline is open-ended.

Each article is assigned a primary topic. It may have up to 4 additional
topics, referred to as subtopics.

A complete description of the outline is included at the end of this
section.
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Title Cards. Each publication has a corresponding title card located in the
NCSU Water Quality g:ioup title card file. Title cards list the title, authors,
topic number, subtopic numbers, source number, citation, and the location of
the hard copy in the NWQEP's library (C=filing cabinet, B=bookshelf, F=micro-
fiche, P=project files). No complete bibliography is provided. Below is the
format of a title card:

Topic number (subtopics) Source No.
Location Code

Title
Authors

Citation

Title cards are wutilized most often by the librarian, while updating the
library, or by users who know the title of a work of interest.

Annotation Card. The annotated bibliography is arranged alphabetically by
author on cards. On each card is a complete bibliography, short annotation,
source number, topic number, subtopic numbers, additional keywords, cross
reference article numbers, and hard copy location:

Topic number (subtopics) Source No.
Location Code

Authors

"Title"

Source citation
Year of publication

Annotation
KEYWORDS :
XREF:

Abbreviated Bibliography. The abbreviated bibliography a printed document
arranged numerically by source number (aka 'the Black Book'). Each entry has a
source number, the first author, the first 60 characters in the title, primary
and subtopic numbers, and location of the hardcopy. This is not included in
this publication, but is maintained by the NCSU Water Quality Group librarian.

Computerized System. The attached listing is a printout of the current com-
puterized annotated bibliography. It is sorted by primary topic number, year
of publication, and article number in this printout.

The computer retrieval system consists of a data file, complete with
citations, annotations, and article and topic numbers (it is essentially a
copy of the annotated card file). There is also a record of the entry date
into the computer, the year of publication, and the code for the hard copy
location in the library holdings.



This file can be searched by a program whi¢h will retrieve articles by
keywords on the title and/or annotation, by authors, or topic number. -Output
will include all citations for a given search, accompanied by annotations if
desired. '

Keyword, Topic, and Author Searches. We have the capability to do keyword
searches on the titles and/or annotations in our NPS library. We can also
perform searches for author names and for topic numbers.

Searches for topic numbers will be on both primary and subtopic numbers for
the articles.

The topic outline is hierarchical in design. If you ask for a search on topic
3. you will get ALL articles under 3, including 3.1, 3.2, ..., 3.6, 3.62, etc.
Therefore, you need to be as specific as possible or your search will be
larger than you might suspect. A list of each topic number and how many arti-
cles would be found in a topic number search is shown in Table 1.

The current keyword search, by default, looks to see if ANY of the requested
words are found. Optionally, you may request that the article be retrieved
only if ALL of the keywords are found.

The retrieval request form must be completed and sent to NCSU Water Quality
Group, ATTN: NPS librarian. Form is shown in Figure 2. A separate form is
required for each type of search. However, multiple searches for a field are
accepted. For example, several authors, etc.

The output of a search is in the same format as the printed library. It is
sorted by major topic number and publication date and contains the complete
citation and annotation.

The price of the search is a function of the number of -‘pages requested. A
processing charge of $5.00 plus $0.06 per page will be assessed. Any special
services will have a $20.00/hr. charge. First class postage fees usually range
between $1.00 to $3.00 and will be charged to the requester.

Documents. . Library holdings consist of articles from refereed jourmals, re-
ports from state and federal agencies, chapters from books and conference
proceedings, Nonpoint Source project reports, and non-refereed research re-
ports presented at meetings. - The NCSU Water Quality Group Library has hard
copies of most of the citations in the annotated file.



Table 1. Tabulation of frequency of articles with a given topic or subtopic
number. Due to counting of subtopics, the number is greater:
than the number of articles. Version 87.1. August, 1987.

Topic Freq. Topic Freq. Topic Freq. Topic Freq. Topic Freq.
1.0 2 3.42° 71 §.4 3 5.61 33 6.52 1
1.1 14 3.43 43 4.5 24 5.62 12 7.0 16
1.11 4 3.44 52 4.6 1 5.63 6 7.1 16
1.2 15 3.5 35 4.8 15 5.64 2 7.11 1
1.3 3 3.5A 21 4.9 7 5.65 1 7.111 1
1.4 i 3.51 5 5.4 64 5.651 1 7.12 1
2.1 4 3.52 26 5.Al1 45 5.652 1 7.122 1
2.11 7 3.521 2 5.42 16 5.7 16 7.13 3
2.12 20 3.522 25 5.A3 4 5.71 .13 7.14 1
2.2 4 3.523 5 5.44 13 5.72 ) 7.2 19
2.21 1 3.524 3 5.B 1 5.73 1 7.21 8
2.211 2 3.525 1 5.B1 1 5.75 1 7.22 2
2.212 2 3.53 15 5.B3 1 5.8 92 7.222 4
2.218 2 3.531 12 5.C 1 5.81 50 7.3 9
2.3 1 3.532 4 5.D 3 5.82 1 7.31 -5
2.31 22 3.533 5 5.E 3 5.83 6 7.32 4
2.4 17 3.534 2 5.0 69 5.84 17 7.4 7
2.5 31 3.54 1 5.1 13 5.9 6 7.5 20
3.0 27 3.55 44 5.11 29 5.94 1 8.1 2
3.1 134 3.56 31 5.12 13 6.0 24 8.131 1
3.11 15 3.563 1 5.13 1 6.1 25

3.12 13 3.57 45 5.14 4 6.11 35

3.13 225 3.58 33 5.15 3 6.111 16

3.14 149 3.581 1 5.2 195 6.112 16

3. 144 1 3.59 20 5.24A 1 6.113 20

3.15 22 3.6 85 S5.21 44 6.12 - 9

3.16 4 3.6A 7 5.22 17 6.121 4

3.2 84 3.6B 12 5.23 8 6.122 7

3.20 1 3.61 40 5.24 5 6.123 2

3.21 12 3.62 43 5.3 170 6.13 6

3.22 1 3.63 145 5.30 i 6.131 5

3.223 1 3.631 40 5.31 1 6.132 4

3.23 4 3.64 51 5.4 19 6.133 2

3.24 34 3.65 18 5.41 1 6.2 44

3.25 25 3.651 30 5.43 2 6.21 61

3.26 23 3.652 16 5.5 39 6.22 23

3.27 33 3.653 19 5.51 51 6.23 27

3.28 8 3.654 18 5.511 38 6.24 46

3.281 2 3.66 17 5.512 8 6.25 73

3.282- 118 3.67 18 5.513 1 6.26 17

3.3 112 3.68 17 5.514 10 6.261 1

3.31 8 3.69 9 5.515 1 6.3 7

3.32 166 4.A 5 5.52 8 6.31 9

3.321 17 4.B 3 5.521 9 6.32 161

3.322 35 4.C 4 5.522 k] 6.33 279

3.323 162 4.0 10 5.523 l 6.34 29

3.324 80 4.1 8 5.525 1 6.35 30

3.4 50 4.2 6 5.551 1 6.4 3

3.41 122 4.3 19 5.6 76 6.43 1



Figure 2.
FORM FOR NWQEP NPS LIBRARY RETRIEVAL REQUEST

Please fill in items 1 and 2. Then complete item 3 or 4 or 5 according to
the type of search you are requesting.

1. Requestor's Name: Date
Request Date: Processed
Address: (Leave Blank

Phone No.: ( )

2. Type of Search: (Circle 1) Author (go to #3)
Topic (go to #4)
Keyword (go to #5)

If a keyword search is requested, circle one or both of the fields to search:

TITLE and/or ANNOTATION.

-——— ——— o —— —— - ——— —— —-—— - - - —

3. Topic Search:

List topic number from the NPS library topic outline you would 1like
printed. Articles with primary and subtopic numbers that match request will
be printed. Be as specific as possible. For example topic #3 will yield
300 pages, but 3.62 produces about 5-10 pages.

anoom

4. Author Search:

List authors you would like to search for articles. They do not have to be
first authors.

anoon

- e - - - -~ oo - - — - - - - e

5. Keyword Search:

Problem Description:

List the keywords you would want identified in the title and/or annotation
field (See #2 above). Please indicate if you would like ALL of the words
found for the article to be cited. The default is to cite the article if
ANY one of the. keywords is found. Each 1line below represents a separate
search:

a.

b.



ABBREVIATIONS
AGENCIES AND ORGANIZATIONS

ABBREVIATIONS

FULL NAME

All State Extension Services

American Society of Agricultural Engineers
American Society of Civil Engineering
American Water Resources Association

Chesapeake Research Consortium

Comptroller General of the United States,
General Accounting Office

Council for Agricultural Science and
Technology

Financial Management Assistance Program
Food and Drug Administration

Illinois Environmental Protection Agency--
Water Pollution Control
International Hydrological Decade, World
Health Organization
International Joint Commission
~--Pollution from Land Use
Activities Reference Group

lowa Department of Water, Air and Waste
Management

National Association of Conservation Districts
National Council of the Paper Industry for
Air and Stream Improvement, Inc.
National Research Council of the United States
National Technical Information Service
National Water Quality Evaluation Project
North Carolina Department of Natural Resources
and Community Development
North Carolina Department of Natural Resources
and Community Development--Division of
Environmental Management

North Carolina State University Water Quality Group

Office of Technology Assessment

XX Ag. Ext. Service
(XX's State Abb.)
ASAE

ASCE

AWRA

CRC

Comptrol. Gen. US, GAO
CAST

FMAP
FDA

ILEPA-WPC

IHD-WHO
I1JC

~-PLUARG

TA Dept. WA Air Wst Mg.

NACD

NCASI
Nat. Res. Council, US

NTIS
NWQEP
NRCD
NRCD-DEM

NCSU
Water Quality Group

OTA



Royal Society of Canada Royal Soc. of Canada

Rural Clean Water Program RCWP
Surface Water, Section of the University
of Illinois . SWS
Southwestern Illinois Metropolitan and
Regional Planning Commission SWIL-MAPC
United States Department of Agriculture USDA
--Advances in Agricul tural Technology -=AAT
-~Agricul tural Conservation Program --ACP
—~Agricultural Research Service --ARS
-~-Agricultural Stabilization and
Conservation Service —ASCS
-~Cooperative Extension Service --CES
-~Economic Research Service --ERS
-~Economics and Statistics Service --ESS
-~Science and Education --SE
-~S0il Conservation Service --SCS8
--Field Office Communication and
Automation System --FOCAS
United States Environmental Protection Agency USEPA
-~Water Planning Division -=-WPD
United States Geological Survey UsSGS
United States Water Resources Council US. Water Res. Council
Utah State University Foundation Utah St. Univ. Found.
Water Resources Research Institute WRRI.
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JOURNALS

FULL NAME

Agrichemical Age

American Journal of Agricultural
Economics oo

Bulletin of the Geological Society of America

Chemosphere

Environmental Management

Environmental Science and Technology
Groundwater

Journal of Agriculture and Food Chemistry

Journal of Environmental Engineering

Journal of Environmental Health

Journal of Environmental Science and Health

Journal of Environmental Quality

Journal of Soil and Water Conservation

Journal Water Pollution Control Federation

National Association of Conservation Districts

Science

Soil, Biology, Biochemistry

Soil Conservation Society of America

Soil Science Society of America Journal

Transactions of the American Society of
Agricultural Engineers

Transactions of the American Society of
Civil Engineers

Water, Air and Soil Pollution
Water Quality Bulletin

Water Research

Wa ter Resource Bulletin

Water Resource Research

11

ABBREVIATIONS

Agr . Age

Am. J. Agr. Ec.
Bull. Geol. Soc. Am.
Chemosphere

Environ. Manage.
Environ. Sci. Tech.

Groundwater

J. Agr. Food Chem.

J. Envir. Eng.

J. Envir. Health

J. Envir. Sci. Health
J. Envir. Qual.

JSWC

JWPCF

NACD

SCI

S, Biol, Biochem.
SCS Am.
Soil Sci. Soc. Am. J.

Trans. ASAE
Trans. ASCE

Water, Air Soil, Pol.
Water Qual.Bull.
Water Res.

Water Res. Bull.

WRR



TOPIC OUTLINE

Explanatory Notes

These notes are to describe the library topic number system, and to aid in
the process of choosing topic numbers for new acquisitions or literature
searches. The text will go through each section and describe prior uses of
each number assignment.

Library topic numbers are assigned for use in identifying topic areas. A
main topic should be selected, and secondary topics may be added in parenthe-
ses. .

1. Legislation -~ Any legislation or summaries of legislation with the ex-
ception of that dealing with water quality, belong here. So do reports on
progress of programs set up by the particular legislation. At present the
outline 1includes only state, federal, regional and local categories. Room is
available for subtopics for each, but none have been assigned.

Example: If you have a copy of the federal clean air act, it would
receive #1.1 State versions of similar legislation would be given number 1.2,
etc. water quality concerns are under 5.1.

2. Agencies - Again any literature about particular agencies, programs, etc.
on a federal, state or local level belong here. Several agencies are included
as subtopics. State reports by the Division of Environmental Management about
~‘water quality or soils or agriculture do not get categorized here. This cate-~
gory is for information about the agency itself or their role in govermnment.

3. Agricultural Pollution and Management Practices - This topic has led to a
bit of confusion due to overlap between some of the subtopics. Interpretation
of the subtopics should be done in a very general way. Consideration of other
available subtopics should also be made. An attempt will be made here to give
specific examples which might highlight the gray areas.

3.1 Fertilizer - This includes soil testing, liming, application of N, P, K,
S. This topic area includes articles and information about fertilizers,
assessing application methods, crop requirements, nonpoint sources and manage-
ment. g

This topic area has also been used for articles on monitoring or modeling
the movement of the nutrients through soil. If you are looking for movement of
nutrients through soils, search under 3.1. If you are 1looking at nutrient
movement or concentrations in waterbodies, use topic 5.a runoff water quality
series. If you are looking more generally at the fate of nutrients on fields
and in water, you might want to run a search on both topics 3.1 and 5.A.

3.2 Animal wastes - These topics are for articles dealing with the storage,
handling, and land application of animal waste.

3.3 Sediment/Soils - This topic has been used for subjects concerned with
erosion and sedimentation such as control, causes and effects, and models
which predict or describe soil erosion and deposition. This heading should
also be used for articles about soils.

12



3.4 Water ~ This has been used only for water ‘topics concerning the quantity
of water and the quality of water from irrigated and/or drained lands. Salini-
ty is used for papers addressing the effects of salinity, management of saline
water and the relationships between saline water and agricultural practices.

3.5 Pesticides =~ This topic area has been broken down extensively and is
self-explanatory. Subtopics here for surface runoff, groundwater 1leaching,
etc. apply strictly to pesticides, not to other topics such as fertilizer,
nutrients or water quality.

3.6 Best Management Practices - This topic area is for literature about de-
velopment implementation, or assessment of BMP's. The subtopics are self
explanatory. The subtopics here overlap with the topics listed above under
Ag. Management. This area is for papers primarily concerned with BMPs, al-
though they may also contain background information.

4. Crops- This topic area is for literature concerned with particular crops,
rather than other topics included in the outline. Articles of a general
nature on forestry have also been placed here under 4.3, Forestry. Crop head-
ings are described in more detail on the following two pages of the outline.

5. Water Quality
5.1 Legislation -~ For legislation concerning water quality, as well as pro=-
gress reports on programs resulting from water quality legislation.

5.2 Assessment - This topic should be interpreted in a general way. For in-
stance, an article describing the use of algal communities to assess water
quality would go here, while an article describing the method used to describe
the algal community would go under 6.113. This topic area may overlap with
others, in particular, 5.3, management. Articles describing the chemical,
physical or biological condition of a water body should go here as well.

5.3 Management - This topic should be for articles describing water quality
management, including the use of aerators, copper sulfate, weed cutting, de-
tergent bans, and other remedial efforts which affect water quality.

5.4 Standards - This topic area is for articles or information regarding
existence or development of water quality standards, including information on
specific standards.

5.5-5.E These subtopics refer to water body types and are self explanatory.
Four sub-subtopics have been added to several of the water quality sub-
subtopics as follows: 5.61 nutrients, 5.62 sediment, 5.63 pathogens 5.64 toxic
contaminants. Two additional subtopics have also been added; 5.A surface
runoff quality studies, and 5.B wetlands. These would also include the sub-
subtopics mentioned above, and are listed as 5.Al, 5.A2 etc.

6. Data
6.1 Collection methods - This topic area is for articles describing methods
of obtaining data, especially from water, sediment, and biota.

6.2 Methods - Another method category, this is for describing analytical
methods for analysis with subtopics for water, sediments, and biota. An arti-
cle of results, however, would probably go under 5.2, water quality assess-
ments. Two other subtopics have been added to 6.2-6.24 Land use, and 6.25,

13



Economic cost-benefit analysis. Treatment (6.3) covers the use of numbers
generated by 6.2; assessment follows that.

6.3 Treatment - This relates to articles about data treatment, storage, sta-
tistics, and models. Although this area would seem to overlap with 6.2, the
former is for the chemical or biological analyses, while this is for treatment
of the data obtained by that analysis.

7. Urban Pollution and Management Practices - This is a new topic and -cur-
rently contains articles pertaining to pollutant type, sources, BMP's, moni-
toring and evaluation, economics, and impact of urban NPS pollution.

8. Special Topics - Description of policies, (e.g., point/nonpoint source
trading policies set up by EPA), case .studies, and assessment of pollution
source control tradeoffs and their effects on water quality. This topic is to
be used for new issues in NPS Water Quality. This is a new topic.

14



NWQEP ANNOTATED NPS BIBLIOGRAPHY TOPIC OUTLINE (Ver 87.1)

1. Legislation
1.1 Federal
1.11 Conservation Reserve and Other 1985 Farm Bill Programs (CRP)
1.2 State

1.3 Regional

1.4 Local
2. Agencies
2.1 Federal

2.11 U.S. Dept. of Agriculture
2.12 U.S. Environmental Protection Agency

2.2 State
2.21 Statewide

2.211 Dept. of Natural Resources & Community
Development .~

2.212 Division of Soil and Water Conservation

2,213 Division of Forest Resources

2.214 Coastal Resources

2.215 Groundwater

2.216 Division of Land Resources

2.217 Division of Community Assistance

2.218 Cooperative Extension Service

2.22 N.C. Regional

2.221 Triangle J Council of Governments
2.222 Land~of~Sky Council of Governments

2.23 Local
2.3 Independent

2.31 NCSU Water Quality Group
2.4 Task Forces

2.41 Agricultural Task Force

2.411 Members
2.412 Activities

2.4121 Chowan River
2.4122 Union/Anson Counties
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NWQEP ANNOTATED NPS BIBLIOGRAPHY TOPIC OUTLINE (Ver 87.1)

3.

2.4123 Wayne/Lenoir Counties
2.4124 Wake County Demonstration Farm
2.4125 Land-of-Sky

2.5 International Joint Commission

Agricultural Pollution and Management Practices

3.1 Fertilizer

.11
.12
.13
.14
.15
.16

Lo Lo W o

Soil Testing
Liming
Nitrogen
Phosphorus
Potassium
Sul fur

3.2 Animal Waste

3.21
j.22
.23
.24
.25
.26
.27
.28

o W W W o w

Broiler Litter
Turkey Litter
Caged Layer Waste
Dairy Cattle Waste
Beef Cattle Waste
Swine Waste
Treatment

Recycle

3.281 As feed
3.282 Land Application

3.3 Sediment/Soil

WLWwWwww

3.4 Water

3.41
3.42
3.43
3.44

Types
Movement/Erosion

.321 Types

.322 Cause/Effect

.323 Control Practices
.324 Modeling

Irrigation
Drainage
Salinity

Runoff Quantity

* 3.5 Pesticides

3.51

Fungicides

—— ——

*Computer-searched.
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NWQEP ANNOTATED NPS BIBLIOGRAPHY TOPIC QUTLINE (Ver 87.1)

3.52 Herbicides

3.521 Paraquat

3.522 Atrazine

3.523 2,4D

3.524 Other Triazines
3.525 Alachlor

3.53 1Insecticides

3.531 Organochlorines

3.532 Carbamates

3.533 Organophosphates
3.534 Synthetic Pyrethroids

3.54 Nematocides

3.55 Surface Runoff Studies (sediment)
3.56 Groundwater - Soil Leaching

3.57 Persistence/Degradation

3.58 Toxicity/Ecosystem Effects (Aquatic)
3.59 Drift and Volatilization

3.5A Soil Adsorption/desorption

*3.6 Best Management Practices (BMPs)

3.61 Fertilizer
3.62 Animal Waste
3.63 Sediment

3.631 Conservation Tillage

3.64 Water
3.65 Pesticides

.651 Conservation Tillage

.652 Other SWCPs (Disposal)

.653 Application Timing and Techniques
.654 Integrated Pest Management

wwww

3.66 Salinity .
3.67 Targeting/Critical Areas
3.68 Farmer Attitudes
3.69 Stream Protection
3.6A Filter Strips
, 3.6B Conservation Tillage
4. Crops
4.1 Fiber (e.g. cotton, flax, sugarcane)
4.2 Forage Crops (e.g. alfalfa, fescue)
4.3 Forestry ,
4.4 Fruits (e.g. cranberries, grapes, tomatoes, blueberries,

strawberries, watermelon, pineapples)
4.5 Grain Crops (e.g. corn)

17



NWQEP ANNOTATED NPS BIBLIOGRAPHY TOPIC OUTLINE (Ver 87.1)

4.6 Lawn and Turf

4.7 Nursery/Ornamentals (e.g. shrubs)

4.8 O0il Crops (e.g. peanuts, soybeans, sunflower)

4.9 Small Grain Crops (e.g. barley, oats, rice, sorghum, wheat)
4.A Tobacco

4.B Tree Fruits (e.g. apples, cherries, grapefruit, lemons,

olives, oranges, peaches, pears, plums,
prunes, tangelos, tangerines)

4.C Vegetables (e.g. artichokes, asparagus, green beans,
snap beans, beets, broccoli, brussels sprouts,
cabbage cantaloupes, carrots, cauliflower, celery, sweet
corn, cucumbers, eggplant, escarole, garlic, lettuce,
honeydew melons, mint, onions, peas, green peppers,
spinach, potatoes, sweet potatoes)

5. Water Quality

5.1 Legislation

5.11 Federal

5.12 State

5.13 Regional

5.14 Local

5.15 International

*5.2 Assessment (description of the existing water quality conditions)

5.21 Nutrients

5.22 Sediment

5.23 Pathogens

5.24 Toxic Contaminants

5.3 Management
5.4 Standards

5.41 Standards
5.42 Sediment
5.43 Pathogens
5.44 Toxic Contaminants

*5.5 Lakes
5.51 Natural

.511 Nutrients

.512 Sediment

.513 Pathogens

.514 Toxic Contaminants (e.g. Pesticides, PCB's,
heavy metals, etc.) ‘

.515 Chlorophyll

wubn o e

w

*Computer-searched.
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NWQEP ANNOTATED NPS BIBLIOGRAPHY TOPIC OUTLINE (Ver 87.1)

5.52 Impoundments

.521 Nutrients

.522 Sediment

.523 Pathogens

.524 Toxic Contaminants (e.g., pesticides, PCB's,
heavy metals, etc.)

5.525 Chlorophyll

Wt LU An

*5.6 Rivers, Streams, Creeks

5.61 Nutrients

5.62 Sediment

5.63 Pathogens

5.64 Toxic Contaminants (e.g., pesticides, PCB's,
heavy metals, etc.)

*5.7 Estuaries and Bays

.71 Nutrients

.72 Sediment

.73 Pathogens

.74 Toxic Contaminants (e.g., pesticides, PCB's, heavy metals)
.75 Wetlands

(VR RV RV, T,

5.8 Groundwater

5.81 Nutrients

5.82 Sediment

5.83 Pathogens

5.84 Toxic Contaminants (e.g. pesticides, PCB's,
heavy metals)

5.9 Farm Ponds

5.91 Nutrients
5.92 Sediments
5.93 Pathogens

5.A Surface Runmoff Quality (edge of field)

5.A1 Nutrients

5.A2 Sediment

5.A3 Pathogens

5.A4 Toxic contaminants (e.g. Pesticides, PCB's,
heavy metals)

*5. B Wetlands
5.B1 Nutrients
5.B2 Sediment

5.B3 Pathogens
S.B4 Toxic Contaminants (e.g., pesticides, PCB's, heavy metals)

*5.C -Acid Deposition

*Computer-searched. 19



NWQEP ANNOTATED NPS BIBLIOGRAPHY TOPIC OUTLINE (Ver 87.1)

5.D Recreation

5.E Health

6. Data
6.1 Collection Methods

6.11 Water
6.111 Chemical Parameters
6.112 Physical Parameters

* 6.113 Biological Parameters

6.12 Sediment/Soils
6.121 Chemical Parameters
6.122 Physical Parameters

6.123 Biological Parameters

*6.13 Biota
6.131 Benthic Macroinvertebrates
6.132 Fish Surveys
6.133 TFish Tissue

6.2 Analysis Methods

6.21 Water

6.22 Sediment/Soils

6.23 Biota

6.24 Land Use

6.25 Economic or Benefit/Cost analysis
6.26 Algal Bioassay

6.3 Treatment
6.31 Storage
6.32 Statistics
6.33 Models

6.3¢4 Indices
6.35 Monitoring Design

6.4 Soils

7.0 Urban NPS Pollution and Management Practices
7.1 Sources (Description and Evaluation)

7.11 Sediment

*Computer-searched.
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NWQEP ANNOTALTED NPS BIBLIOGRAPHY TOPIC OUTLINE (Ver 87.1)

7.12 Nutrients

7.121 Nitrogen

7.122 Phosphorus
7.13 Toxic Contaminants (e.g., pesticides, PCB's, heavy metals)
7.14 Pathogens

7.21 Sediment
7.22 Nutrients
7.221 Nitrogen
7.222 Phosphorus
7.23 Toxic Contaminants (e.g., pesticides, PCB's, heavy metals)
7.24 Pathogens

7.3 Monitoring and Evaluation

7.31 Hydrology
7.32 Water Quality Parameters

7.4 Economics
%.5 Impact of Urban NPS
8.0 Special Topics
8.1 Pollution Reduction Trading
.11 Policy
.12 Case Studies
.13 Assessment

.131 Economics
.132 Loading

00 0o 00 00 QO

*Computer~searched.
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APPENDIX B
SECONDARY SOURCES USED TO LOCATE PRIMARY SOURCES

Allan, M. A., and Hakkarinen, C. May 1986. A Review of the National Academy
of Science Report--Acid Deposition Long-Term Trends. Electric Power
Research Institute, Palo Alto, CA. 20 pp.

American Society for Testing and Materials. 1981. Ecological Assessments of
Effluent Impacts on Communities of Indigenous Aquatic Organisms. ASTM
Publication 730, (eds.) J. M. Bates and C. I. Weber. American Society of
Testing and Materials, Philadelphia, PA. 333 pp.

Butler, P. A. 1973. Organochlorine Residues in Estuarine Mollusks, 1965-1972
National Pesticide Monitoring Program. Pesticide Monitoring Journal
6:238-363.

Canter, L. W. 1985. Environmental Impact of Water Resources Projects. Lewis
Publishers, Chelsea, MI. 352 pp.

Clark, E. H., J. A. Haverkamp, and W. Chapman. 1985. Eroding Soils--The Off-
Farm Impacts. The Conservation Foundation, Washington, DC. 252 pp.

Fisher, D., J. Ceraso, T. Mathew, and M. Oppenheimer. 1988. Polluted Coastal
Waters: The Role of Acid Rain. Environmental Defense Fund, New York,
NY. 102 pp. S

Gillett, J. W. 1970. The Biological Impact of Pesticides in the Environment.
Environmental Health Science Series 1. Oregon State University,
Corvallis, OR. 210 pp.

Guenz%, W. D. (ed.). 1974. Pesticides in Soil and Water. Soil Science Soci-
ety of America, Inc., Madison, WI. 562 pp.

Haines, T. A. 1981. Acidic Precipitation and Its Consequences for Aquatic
Ecosystems: A Review. Trans. Amer. Fish Soc. 110(6):669-707.

Hakkarinen, C. February 1986. Summary Report on Acidic Deposition Issues.
Electric Power Research Institute, Palo Alto, CA. 9 pp.

Hurlbert, S. H. 1975. Secondary Effects of Pesticides on Aquatic Ecosystems.
Residue Reviews 57:81-148.

Johnson, D. W. 1968. Pesticides and Fishes--A Review of Selected Literature.
Transactions of the American Fisheries Society 97:398-424.
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Kobriger, N. F., T. V. Dupuis, W. A. Kreutzberger, F. Stearns, G. Gunten-
spergen, and J. R. Keough. Effects of Highway Runoff on Wetlands. Final
Report. Prepared for National Cooperative Highway Research Program,
Transportation Research Board, National Research Council, Washington, DC.
353 pp. :

Laws, E. A. 1981. Aquatic Pollution. John Wiley “and Sons, Inc., New York,
NY. 482 pp.

Livingston, R. J. 1976. Dynamics of Organochlorine Pesticides in Estuarine
Systems: Effects on Estuarine Biota. In: Estuarine Processes, Vol. 1.
Academic Press, NY. pp. 507-522.

Livingston, R. J. 1977. Review of Current Literature Concerning the Acute
and Chronic Effects of Pesticides on Aquatic Organisms. CRC Critical
Reviews in Environmental Control. pp. 325-351.

McCabe, J. M., and C. L. Sandretto. 1985. Some Aquatic Impacts of Sediment,
Nutrients, and Pesticides in Agricultural Runoff. Limnological Research
Laboratory Publication 201. Department of Fisheries and Wildlife, Michi-
gan State University, East Lansing, MI. 79 pp.

Morton, J. W. 1977. Ecological Effect of Dredging and Dredge Spoil Disposal:
A Literature Review. U.S. Fish and Wild. Service Technical paper 94.

33 pp.

National Research Council. 1986. Acid Deposition Long-Term Trends. National
Academy Press, Washington, DC. 506 pp.

North Carolina Water Resources Research Institute. 1987. NCWRRI Listings.
North Carolina State University, Raleigh, NC.

Overcash, M. R., and J. M. Davidson (eds). 1980. Environmental Impact of
Nonpoint Source Pollution. Ann Arbor Science Publishers, Inc., Ann
Arbor, MI. 449 pp.

Schaller, F..W., and G. W. Bailey (eds.). 1983, Agricultural Management and
Water Quality. Iowa State University Press, Ames, IA. 472 pp.

Sprague, J. B, 1986. Toxicity and Tissue Concentrations of Lead, Zinc, and
Cadmium for Marine Molluscs and Crustaceans. International Lead Zinc
Research Organization, Inc., Research Triangle Park, NC. 215 pp.

Soil Conservation Service. 1985. Special Issue: Nonpoint Source Water
Pollution. Journal of Soil and Water Conservation 40(1):1-176.

Stern, E. M., and W. B. Stickle. 1978. Effects of Turbidity and Suspended
Material in Aguatic Environments--Literature Review. Oredged Material
Research Program. Technical Report D-78-21. Department of the Army,
Waterways Experiment Station, Corps of Engineers, Vicksburg, MS.
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U.S. Department of the Interior. July 1982. Manual of Stream Channelization
Impacts on Fish and Wildlife. FWS/0BS-82/24. U.S. Fish and Wildlife
Service, Washington, DC. 166 pp.

U.S. Jdepartment of Transportation. 1986. Highway Runoff Water Quality
Training Course: Student Workbook Section 7--Water Quality Impacts.
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State Waterbody NPS pol lnhnt

E" REGIM l

ME Fish River drainage Ferestry sctivities
in northern Maine (sproying of cerbary!l [Sevia-
4-0il) for spruce budworm
control)

l-p-c'.- on nqu.ﬂc biots Source
9 stresms studied: 3 control atreems never exposed to the chewicsl, Courtemanch
3 stresms trested st o rote of 848 g A . 1./he (1-yesr stresms), and 3 ond Gibbs,
streames treated at rates of 848 g A.I./ha ond 1,128 g A.1./he the 1908

previous yesr (2-year streams).
Prift somple collections

Control - drift aumbers and diversity remsined stesbie throughout study
period. Most orgenisme were allve st collection.

1-yesr stresms - drift incressed In numbers up to 170 times 2 days
posttrestment and all orgenisme were desd. Plecopters, Ephemeropters,
ond Dipters were . Most sbundent tno Inciuded the Plocopur.,
Leuctra tenglla, L. ferrugines, L. tenyis, Amphinewmury wyl; the Ephemer-
optera Persieptophlebly sp., Epsorys -'- o ond Lithobrenche recurvats; snd
the Diptere Simuliym spp. and Chirenomidae. Twe of the three streams
hed incressed numbers of tans postirestment.

2-yoar stresms - drift lncressed In only 2 of the I stresms.

Diptersns - Simulium venustum, S. tuberosum, §. latipes, or Pmdcllm-
ghils or Pseudolisnophlls sp. constituted over 95% of orgenisme. The

nusber of taxs did not incresse.

Benthic ssmple collection

l-yosr stresms - lomediately after trestment meny Ephemsropters and
Plecopters were found desd. Some Trichepters were distressed end leav-
ing thair cases. Thirty to 68 days pestirestment, Plecopters numbers

were reduced to zero In all samples. Ephemeropters numbers were signif-
lcantly reduced. Trichoptere were reduced in 2 of the 3 stresme. Dipters
ond Oligochaete were not significently reduced.

2-yoar streame - these stresms were less affected then 1-yesr streame.
Plecopters populetions were st er near zero prior to trestment end were
reduced or zero 38 end 80 days postirestment. Ephemeropters similar in
species composition and density to 1-yesr and control stresme. Trichopters
nusbers were not significently reduced encept In 1 of the 3 2-yesr stresms.
Dipters snd Olligochasts were not significently reduced. -

Susmery

Carbary! was toxic to all Plecepters, most Ephemeropters, and some
Trichoptera and Dipters. Tots! numbers of orgsnisms in trested streams
were not reduced but were repleced by other groupe. Long-term effects on
Plecopters pepulstions were observed fer species thet were suppressed for
wmore then 1 yesr. Ephemeropters snd Trichoptera repopulsted quickly except
'u- Li Qobrnncho recurvata.

(cont ln.l;;—)



State Waterbody

ME (con.) Little Russel) Stream Forestry activities

(trested streesm)
Logen Brook
(control streem)

(Study srea in
Seboomook, Somerset,
snd Piscetaquis
Count ies)

EPA REGION 1 (continued)

NPS pollutent

Impacts on aquatic biota

Source

(spraying cerbary!{Sevin-4-0ll])
for spruce budworm control)

Two streams were studied. Littie Russef! Stresm was trested with car-
beryl st 9.6 1bs A.1./scre on Juna 7 end June 14. Brook trout (Saive-
linus fontinalis) were collected by electrofishing In both stresms

2 wooks and 1 and 3 deys prior to the first carbery! sppiicetion snd
several hours, 1, 3, and 6 deys postepplication for the first spray-~
ing, and severa! hours, 1 snd 3 days, snd & weeks postapplication for
the second spraying.

Mean fish braln ACKE ectivity wes significently lower (16-34%) in fish
from the trested stresm, but the depression dissppesred 24-48 hours
fater. The short durstion of inhibition of ACKE suggests adverse
offects unlikely.

Food weight as percent of body welght wae significently higher In the
trested fish on June 6, 14, and 16. Only Coleopters, Dipters, Ephemer-
opters, VTrichopters, end terrestrial insects occurred regulerly in the
diet. The nusber of Dipters, Ephemeropters, and Trichopters increased
in the stomsch contents of fish from the trested stresm on snd fol low-
ing the deate of spray spplication.

In situ toxicity tests indicated no mortality of the young-ef-the-year
brook trout ss » result of spreying.

Haines, 1981

(continued)



EPA REGION & (continued)

State Waterbody NPS poltutent Impacts on squatic biots Source

ME (con.) Nettawamkesg River Forestry sctivities Electrofishing techniques were used to collect fish. Hulbert, 1977
(spreaying carbary)[Sevin-4-
oil) for spruce budworm Enzyme study
controt)

Brain AChE lovels were depressed in brook trout snd ssimon efter
spraying. The megnitude and durstion of the depressions, up to 48
hours postspray, sppesrad to be relsted to concentrations of Sevin
in the water.

ACHE activity levels returned to prespray values in most ssimonids
by 192 hours postespray.

Feeding study

Grestly incressed feeding was evident in the 24-h post-spray ssimonid
stomach semples, end larval Dipters, Ephemeropters, ond Plecopters
were the me]or organisme consumed.

After 96 h postsproy, lmmsture lnsects were not the mejor component
of the trout stomech contents, snd total stomach content volume
returned to prespray levels.

Postspray ssimon stomechs contesined larval Ephemeropters, Trichopters,
Dipters, and Plecopters. The flargest numbers and volume of these
organisms wes present in the 24- end 48-h postapray collections.

Necrolinvertebretes were ssmpied using drift nets.

A large nusber of invertebrates drifted shortly efter Sevin wes
sprayed and was predominently the Dipters Simulium and meny
Ephemaropters snd Trichopters.

(continued)



State Weterbody

ME (con.) Crawford, ME and Forestry ectivities
Waite, ME sites (offects of clesrcutting)
Crowford, ME Forestry sctivities

NPS pollutent

(o:‘n referencs streem (eoffects of clearcutting)
ond o

ne clearcut
stream)

Waite, ME sites

(one reference streem
and one clesrcut
stresm)

EPA RECIDN 1 (continued)

Impscts on squatic biots

Source

Aquatic plants (gless slide ssmpies)

Clearcut stresms tended to produce higher densities of algse (3 to
8 times higher) than reference stresms.

Hoavy growths of sigee were also visible on the bottom of clesrcut
streems but never in reference stresms.

Green sigee (Chlorophyts) dominated in clesrcut stresms (34-96%),
vheress distoms (Baccilariophycese) dominated slige! collections In
reference streams (58-96%).

Fifty percont of stresm bettom in clearcut stresms wss covered by
flowering plants; reference stream coversge wes 10X or less.

Macroinvertebrates (box sempler)

Clesrcut stresms in Meine had higher densities (40,008/m )210 com-
pared to those In Vermont or New Hampshire.

Logping ceused & significent incresse in numbers of macreinvertebrates.

Macroinvertebrate donsities were 3 times higher st clesrcut sites than
st reference stresme.

At Waite clesrcut ~ite, 34 taxe were collected s conpered to 24 taxs
st the reference site, while at Crawferd clesrcut site, 37 taxs were
collected ss compared te 43 at the reference site. This difference wes
not significant.

Mayfllas (Ephemeropters) had significently higher densities in clioarcut
stroame.

No effect of clesrcutiing on Dipters densities could be concluded,
although Ephemerepters snd Dipters were primarily responsible for

Martin, Noel,
ond Federer,
1901

incresses in insect density st clesrcut sites.



EPA REGION 1 (continued)

State Waterbody Nonpoint source Impacts on squstic biota Source
Green River at Urban runoft Macrolnvertebrates Medairos,
Creenfield, MA LeBlenc, and

Mecroinvertebrates were collected using Heater-Dendy muitipiate Coler, 1083

somp lors over 39-45 days.
Station 1 - upstream
control Losses of macroinvertebrates at atetions 2 end 3 were higher thean
those at Station 1 (contrel).
Station 2 - received
runoff (26% surfsce; Stations 2 and 3 were 7 and 2 times more limiting than Station 1.
76X subsurface)
Mecrolnvertebrate totals for the 3 Insect orders (Ephemsroptera,
Station 3 - received Plecopters, and Trichopters) were 108, 14, and 49, respectively, for
cumuistive runoff Stations 1, 2, end 3.
from Greenfield, MA
Survive! st Station 1 was 88X (Ephemeropters), §2% (Plecopters), and
82% (Vrichopters).

Survive! at Station 2 wea 4% (Ephemerocpters), % (Plecopters), and
22% (Trichoptera).

Survivel at Stetion 3 wes 8X (Ephemeropters), 8% (Plecopters), and
47% (Trichopters).

Diversity at the control wes 1.6 (dry periods), 1.7 (rain), snd
2.9 (snow).

Diversity ot Stetion 2 was 1.8 (dry periods), 1.1 (rain), ond 1.4
(snow). This indicates thet runoff ls respeonsible for channel
texicity during storms.

Diversity st Station 3 was 9.8 (dry periods), 1.0 (rein), end 1.8
(snow) .

Heavy motal content (cadmium, copper, lesd, end zinc) of Station 2
specimens was highest for rein or snow periods. The control values
wore gimllar for wet or dry perlods.

At Station 2 Trichoptera (Hydropsyche) increased body concentrations
of heavy metals by & foctor of 18 in wet perliods vs. dry periods.
Plecoptera and Ephemeropters seldom tripied their body concentrstions.

At Station 3 the ssme Insect orders hed the same ranges In heavy
motals, but the dry period velues were higher than wet pericd
velues, suggesting different svenuves of uptske.

At Stetion 2, mets! incr wore isted directly with runotf,
while at Station 3 toxicity mey heve originated from the fine particle
fraction of runoff.

(continued)



State

WA (con.)

We hrbody

Green River

_ EPA REGION 1 (concmuu)

Nonpolnt source
Urben runoff
(6 stations; 1 control) and
6 downsiresm urben esites
evslusted for 1 year)

Control

Urban runeff
(Stetions 2-8)

lw-ct. on oquntic bioto Source
Mecrobeathic invorhbr-tos sampling using rock-filled srtificiel Pratt, Coler,
substrate baskets showed that significent differences existed between snd Godfrey,
the control and urban stormwater runoff-impacted stations. 1961

Specion diversity from nonurban site wes consistentiy high throughout
1-yesr study period. This site hed e lsrge and steble species count

(R = 01¢3) coupled with high evenness vaive (X = §.82+0.01).

Diptere, Ephemsropters, end Trichopters predominsted. Over 89% of the
206 specles identifled belonged to thase thrae Insect orders. Plecop-
teras were varisble In number and Gestropeds and 0Oligochseta were elther
sbesent or very rere.

Several trends In the downstream runoff stations were noted with
respect to the mecroinvertebrste community.

Nusber of total! species decressed from 206 (control) to 188-118 for
runolf stations.

Averege count per collection generslly decreased with the exception
of Station 2 (63) from 81 (control) to 66-31 for runoff stations.

Average collection size genersily decressed with the exception of
Stetion 2 (418+48) from 300:48 (control) to 310+54 to 19032
for runoff stetions.

Specles diversity decreased from 4.48 (control) to 4.29-3.41 for
runoff stetions.

Evenness decressed from 8.82 (controi) to 9.02-8.67 for runoff
stetions.

A to-oao.lc shift in mecrofeune dominance slso occurred; Dipteren
b Incr d st runoff stations (66-76%X) »s co-porod to 47X
(control snd runeff Stetion 2).

Toxonomic groups indicetive of clean water were significently less
abundant .

Ephemeropters decressed to 1-13% from 26-30% st the upstresm control
ond runoff Station 2.

Plecopters decressed to 9.6-3% from 0-10% at Lhe upstresm control end
runoff Station 2.

(continved)



State

MA (con.)

Nonpoint source

Urben runoff

(Stations 2-6)

€EPA RECION 1 (continuod)A
Impacts on aquatic biote

Source

Trichoptars decressed to 2.7-6.4% from 11.9-12.6% at the upstresm
control and runoff Station 2,

Gastropods incressed to 24% from OX at the upstresm control and
runoff Stetion 2.

Oligochsets incressed to 16% from §.26-0.7% at the upstresm control
and runoff Stetien 2.

Intermittent shock-losding of the system as well es low flow periods
thet might creste s persistent strese on benthic orgsnisme mey be
responsible for results.

Authors sttribute progressive decline in diversity in the 6.6-km
stratch of the Green River studied to extenuating fectors of pollu-
tion from urben runoff.

Pratt, Coler,
snd Godfrey,
1981

(continued)



State

WA (con.)

Waterbody

Wewssntic River
eostuary

Nonpoint source

Agriculturs! sctivities
(pesticides) :

EPA REGION 1 (continuved)

Impscts on squstic biote
Two groups of winter flounder (Pseudopleuronectes smericenus)--migre-
tory sduits (ages 3 yesrs snd older) and resident juveniles--were
wonitored for DOT, DOE, heptachior, heptachlor epoxide, and dieldrin
in thelr tissues.

Resldent juveniles

Reslidant juvenlles were uwsed to assess seasons! pesticide residue
changes In the estuary.

Meximum sxposure of juveniles te DDT occurred In lote spring snd wes
tikely to be sssocisted with incressed spring runoff from sgricul-
tural lands.

Mexisum ODE concentration in tissues occurred in winter months, sug-
gesting » cyclic psttern of DOT exposure in spring with subsequent
breakdown to DDE over the next 6 months.

The pettern of heptechior snd heplechior epoxlde uptahe by Juvenlles
differed from the DDOT-DDE cycle, with meximum heptachlor residues
present in the winter months snd the breskdown occurring fess than 2
months leter.

Meximum exposure to heptachler coincided with & midwinter thew, during
which surfece runeff wes substantiaf.

Dieldrin was present in small quentities throughout the yesr, but
eshibited no discernible pettern.

Migratory sdults

Adults hed reduced exposure to DDT by being shbsent from the estuary in
iste spring and susmer, but hed equal exposure to heptachlior while
present Iin the estuery in fell and winter.

Aduits showed elignificantly lower DOE residues, but demonstreted hepte-
chior residues -f:llor to those of juveniles.

The suthors hypothesized thet overien concentretions of chlorinated
hydrocarbon pesticides, while only 1.27 ppm, mey have csused the high
farval mortaiity et final yoik sec absorption.

Smith snd Cole,
1970




EPA REGION 1 (continued)

State Vaterbody

Nonpoint source Impacts on squatic biots Source
] Norris Brook Acld deposition Macroinvertebrates were collected with a cylindricsl box ssmpler and Fiance, 1978
(Hubbard Brook (onperimental scidification dip nets. Emergence of squatic insects wes measured using covered
Watershed) to pH 4) tLreps.

Emergence phenology of Ephemerells funersiis was not sitered by
acidification.

Numbers of E. funersils emerging did not differ significently from
those at the control site or frem pre-scidification baseline values.

All other Ephemeropters were eliminated or severely reduced in the
scidified zone.

Lervee of E. funeralis were significently smalier (epproximetely
29%) in tots! body length than counterperts in the reference stresm
sfter 3 months exposure.

Recrulitment of the new cohort Into the ecidified zone was severely
reduced.

Populations of E. funerglis in permenently acidified stresms would
most likely be oliminated through recruitment faliure.

(continued)



State Waterbody Nonpoint source

Warren, NH site
(2 reference streasms
and 1 clesrcut stresm)

Forestry sctivities

(con.)
(effects of clearcutting)

EPA REG[GC l (contmuod)

Impacts on squstic biote

Source

Aguatic plants (gisss siide ssmpler)

Clesrcut stresms tended to produce densities of sigse 1-10 times
higher than those produced by reference streams.

Heovy growth of sigee wes visible on the bottom of clesrcut
stresme but never on the bottom of reference stresms.

Green aigee (Chlorophyts) dominsted in clesrcut stresms (38-95X),
whereas distoms (Bsccileriophycese) dominated alge! collections
in reference streams (60-95%).

No flowering plants were observed st New Hempshlre sites.

Macrolinvertebrates (box sampler)

Clearcut stresme in Mew Hampshire had & significent incresse in the
nusber of mecroinvertebrates.

Mecroinvertebrate densities were 2-18 times higher st clesrcut
site than at reference streems.

At the Werren clesrcut site, 34 tens were collected ss compered to
21-28 texa ot the reference sites. The cutover stresm hed signifi-
contly more taxs than the reference streams.

The Diptera were found In higher densitlies in clearcut streams then
ot reference sites; however, ne offect of clesrcutting on Dipters
wes concluded. Of the incressed Dipters, 95% were Chironomidee.
Some Ephemeropters of the femily Leptophiebiidse and the genus
Ephemersils also sdded to the incresse in nusbers of mecroinverte-
brates st clesrcut sites.

Mertin, Noel,
ond Federer,
1901




State

¥T

Watarbody

Nonpolint source

EPA REGION 1 (continued)

Impacts on agustic biotse

Source

Jones Brook site

(2 reference stresms
ond 1 clesrcut
stresm)

Forestry activities
(oftects of clearcutting)

Aguatic plants (glase slide ssmpler)

.Clonrcut stresms tended to produce densities of sigee 3 to 10 times

higher than those st reference stresms.

Heavy growth of salgee wes visible en the bottom of the clearcut
stresm but never on the bottom of the reference stresms.

Green aigse (Chlorophyts) dominated in clearcut stresms (38-96X),
wheress distoms (Bacclleriophycess) dominated alge! coliections In
reference stresme (60-96%).

No flowering plants were cbserved st Vermont sites.
Hacroinvertebrates (bex sampler)

Clesrcut streams in Vermont had » significent incresse In mecro-
invertebrates.

Macrolinvertebrate densities were 1-3 times higher st the clesrcut
site then et the reference stresms.

At the Jones Brook clesrcut site, 48 texs were collected ss compered

to 23-40 st the reference sites. Thia difference wes not significent.

The incresse in totel! numbers of mecreinvertebretes at the clesrcut
stresms was due primerily to the Ephemeropters (Beetls).

Martin, Noef,
and Federer,
1981
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EPA REGION 2

Waterbody

State Nonpolint saurce

Urban runcff
(2 control sites and
4 runol? sites compared)

Shebakunk Creok
(Mercar County)

NJ

Control, Maln branch
(2 sites)

Urban runoff, West branch
(4 sites)

Impacts on squatic blote

Source

Sample collection for this study was conducted for | year from
August 1979 to June 1906.

Benthic mecrolinvertebrutes

Using naturs! substrete collection, significently higher taxs richness
(11 - 21 texe collected) and significently higher populntion density
wore found ot control sites then st pol)luted sites. Trichopters,
Coleopters, Ephemeroptere, snd Dipters predomineted.

Poriphyton communities

Using artificlel substrate collection, Gasmerug sp. (smphiped) composed
66% of tans collected.

Benthic macrolnvertebrates

Using nstural substrete collection, trend st 4 urben runoff sites wae
towerd: (1) decresse In texe richness, (2) decresse in populstion
donsity, and (3) » shift In community composition toward wore
pollution-tolersnt species.

lsmeture Ephemeroptera, Tricheptera, Celeopters predomineted ot
upstresm wrban sites -it.h some poliution-tolerant and soms facultative
species identified.

Poriphyton commnitios

Using ertificial substrete celfaction, population density trends
indicated lncreased densities and decreased diversity below urben
sress, contrery te results of natura! substrate collection (Surber
sampler). Chironomid larvee and 0)igochastes predomineted.

Gerle and
McIntosh, 19086

(continued)



Stete

NJ (con.)

Wsterbody Nonpo i nt source

Hamiiton Marsh Urben runoff
(1 control ares) (storm drain)

Homilton Marsh
(1 storm drein)
Woodbyry Creek Marsh
(2 storm drains)

EI’A REGI(N 2 (con'.lnuod)

v
——

ll-pnch on -qu.t.le Nou

Source

The effects of various nitrogen compounds, phosphorous, snd § heavy
metals (cadmium, copper, nickel, lead, and zinc) from storm drein
runoff on 3 tide! mershes were evelusted.

Nitrogen concentretions in vegetstion were highest in June for el
sress, but peak standing stocks were recorded In July or Septamber,
indiceting continued damend for nitrogen well into the susmer.

Phosphorous concentrations in vegetation were highest in June for
Woodbury Creek Mersh and Hemlliton Mersh control sres; Hamilton
Marsh enperiments! eres pesked in June and September. Demend fer
phosphorous continued wall into growing season.

Hami Iton Mersh control ares thet received ne NPS potiution showed
fittie monthly veriation in mecrophyte hesvy meta! concentrations.
Mesn pesk stending stocks of metsls occurred aimultenecusly with
peak standing crop values.

Although Hemilton Mersh control received no metals from NPS
discherges, pesk stending stocks of all metsals were as high or
higher than the twe sites receiving storm drain runoff.

No clear matal concentration psttern emerged for the Woodbury Creek
Marsh except for cadmium, which was siways exported.

Hami fton Marsh experiments! ares hed significantly higher concen-
trations of all metels Iin September mecrophyte semples (3 to § times
higher then June to July valves).

Solil lead concentratiens nesr discharges st the Hamilton Experi-
montal slite and Woodbury Creek Mersh site were significently higher
then lead levels at sites farther from storm drains.

Retention of autrients (nitrogen compounds and phesphorus co-pmmdo)

and hesvy metals during the summer and fali clesriy benefits the
Delswsre River estusry by reducing nutrients and meta!

sveilebility, precisely when the estusry is most stressed.

Simpson et of.,

1983




Waterbody

State

Nonpoint source

NY Central Long Isfend
Sound

Londfiil {esching
(disposal of herbor dredge
spoills off-shore)

EPA RECION 2

(continuad)

Impscts on aquatic biots

Source

This study assessed the scope for growth (SFGC) index as s messure of
subleths! offects of dredged meterial on the blue mussel (Mytilus
edullis). The SFGC measures of physiologics! response of mussels wes
studied in the lsborstory. Later, the SFG index wes compared for
wmussels exposed in the Isboratory and those found in s field site.

Laboratory study

Mussels wers exposed for 20 deys to 8 (reference sediment), 18, end
3% of BRH (Black Rock Harbor, Bridgeport, (V) dredge wmeterlisl. SFG
and shell growth were od durin P @. The SFG Index
decressed with Increasing concentration of BRH dredge meteris! end
with duration of enposure. Nussels from the BRH-contaminsted tanhs
siso showed littie shell groeth. Good correlation was seen between
shell growth snd SFG index.

Field study

Mussels from » clean reference populstion in ltower Nerrsgansett Bay
(CT) were collected, sorted, bagged, snd moored 1| m of f the bottom
st 4 locstions st & Central Long Islend Sound dredge spoil dumpsite.
CNTR -~ Center of the site
400E - 400 w eost of the site on the fringe on the disposs! mound
1000E -~ 1900 m cost of the slite eway from the disposs! mound
REFS ~ aspproximetely 3 km souwth of the CNTR ocut' of the sres of
influence of mound.

SFG index messurements were made st monthly intervels for 3 months,
then quarterly, for 1 yeer.

SFG o on Is from the dredge site stations showed littile
difference among statiens efter 1 month. Mussels deplioyed at the 4SOE
station during dumping were lost (these would heve received the largest
dose) .

The first collection that Included mussels from all 4 fleid stetions
wes 2 months postdisposst. A ssell reduction in clesrence rate was
observed in mussels from the CNTR station compared to those from the
1000€ ond REFS statlons. The SFQ inden wes siso lower st the CNTR
stetion than at the other 3 stetions.

Mussels collected 3 and 4 months postdispose! showed no differences In
SFG index or individus! physiofogical parswmeters messured.

The field deta indicete no clear relstionship between SFG and tissue
residues. The estimeted maximum field exposure (8.8 mg/L) was spprox-
imetely half that of the lowest laboratory BRH exposure (1.5 mg/L)
producing an adverse effect.

Nelson, 1087

(continved)



NY

State

(con.)

Waterbody

Temporsry freshwater
ponds on Connecticut
Hilt

(Tompk ins County)

Nonpo i nt. source

Acid deposition

EPA REGIW 2 (conunuod)

lmcto on aquotic Nou

Source

High embryonic mortslity of spotted saismander (Ambystome meculastum)
ogge occurred in all ponds below pH 8.

Mortality was §.66% (pM 7), 8.91% (pH 8), 43.7% (pH 6.5), snd
Y65% (pH 6 end 4.5).

Mortelity was fow in afl pH renges during esrly esbryonic development
through lete gestrulstion. Mortality Increased at neurulation, ot
fate stages of gill development, and at hatching.

Developmental shbnormetities Incliuded stunted ?Ilh, swelll near
hoart, fallure of yoik plug retraction, and tight colling of embryos.

Dats suggest that pN is the most critical environmental verisble.
Temporary ponds sre lmrmt broo‘in' sites for s number of specles

of frogs, toads, snd sel é and th omphibians may be the most
immedistely and directly n"oeto‘ by scid rain.

Pough, 1976

(continued)



EPA REGION 2 (continuved)

Staste Waterbody Nonpoint source Impacts on aquetic biota Source
NY (con.) Bullhesd Bay estuary Agriculitural activities Adult kifiifish (Fundulus heteroclitus) were collected by selne and Weis ond Weile,
(Suffolk County) (gotf course runoff) traps at two sites near Southsmpton, NY. 1904

Gravid females were stripped of their eggs, and the egns were ferti-
lized by mitt from stripped males.

Esch clutch was divided Into untreated contrels snd enperiments! eggs
dosed with .06 ppm meHg. This concentration was sn effective tersto-
genic dose in previous work with kiilifish. Dorsal fin reys were
counted because this parsmeter was found to be related to embryonic
tolersnce. Embryos were scored by the use of » craniofscinl Index
(CFI), cerdiavescular index (CVI), and & skelets) index (SXI).

In 1982, an unusually heavy reinfell eccurred in June (11 in. in one
weokend) just prior to Initistion of the study. Killifish embryes from
site A (near & golf course) exhibited » skewed distribution towsrd the
tolersnt and of the scale. Al the CFI did not differ signifi-
contly between 1081 ond 1902, it did differ significentiy between 1008
and 1982, as did the SKI end CVI distributions.

Embryos from the site B population (control) exhibited CFI, CVI, ond
SKI distributions comparable with those of embryos from the 1901 popu-
tation st gsite A, but aigniticently diffarent from the 1982 site A
populstion’s. The tolerance of population A greatly incressed In 1902,
while the tolersance of pepulstion B in 1902 was simifar to that of
population A in 1981. Surviving fervee snd embryos of population A
were significently more melig-telersat than those of populstion B,

Analysis of organochlorine pesticide residues and metals in both fish
and sediment show substantial Incresses in site A when compared to the
unimpacted centrel site.

Site A (inpacted site) adjacent te » goif course recelved numerous pesti-
cidea to meintain felrways and greens, and the 11-in. rain event in June
wss the probable casuse of chemicsls being washed into the water st

site A. The unusws! rain event was sssocisted with o fish kill in s
nesrby town.

(continved)



State

NY (con.)

Wsterbody
Carmens River Marsh
sdjecent to Grest

South Bay
(Suffolk County)

Nonpo i nt source

mlcultur-l sctivities
(pesticide use, DDT)

EPA REGI(N 2 (contu\uod)

lwp-ch on oqn.uc Moh

Source

This study evsluated meny trophic tevels of orgenisms In s seltmersh
ocosystem, including plankton, mecroinvertebrates, fish, snd carniv-
orous sesbirds.

Sediment residuve concentrations of DDT ranged from 3-32 Ib/ecre, with
the highest residues in the upper 4 cm of soil. DOT concentratlons
decressed with sol) depth, while DDE concentrations Incressed.

DDT residues showed » progression sccording to both slze end trophic
fevel; lerger orgeniems snd higher carnlvores had grester concentrs-
tions than smeller organisme st lower trephic levels.

Tote! DDT residues renged ever 163 from .04 ppm for plankton te
76 ppm for cernlivorous sesbirds.

Carnivorous birds heve concentrations of DOT spproximetely 1 millien
times grester than that of seswster.

The shift In reflative proportions of DDV, DDE, end DOD with progressien
in trophlic fevel is stso consplcuwous. ?onlm conteining high concen-
tretions of DOV are common st lower trophic levels; st higher trophic
levels, most residues ere DDE.

Reductions during the pest decade have occurred in loce! mersh poputa-
tions of shrimp, emphipode, summer flounder (Paralichthys dentstus),
blue crebs (Callinectes sspidus), oprln. pospers (Hyle crucifer),
Fowler’s toad (Bufe woodhousel fowlerl), snd woodcock (Philohels ul& ).

Anslyses of water heve littie mesning when evelusting the effects of
persistent pesticides on snime! populstions.

Woodwel |,
Wurster, and
Issscson, 1967
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EPA REGION 3

State Waterbody Nonpoint source

Impacts on aquatic biots Source
MD Upper Chesspeske Bey Agricultural activities This paper evaluasted through leberatory end field dets the possible HKomp ot al.,
(runoft including herbicides, ceuses for the decline in submerged vasculasr plants in Chesapeske Bay. 1983
sediments, and nutrient enrich~ Wore than 18 species have declined in abundsnce in the upper estuary
ment) since the mid-1968's Including: Potsmogeton perfolistus, P. pectinstus,

Valisnerias smericana, Zannichellle palustris, Rupp

maritime, Zosters
merine, and Myriophyllum spicatum (sn exotic specles).

Herbicide effecte

Atrazine snd linuron (herbiclides) were tested for their phytetoxicity
to P, perfolistus and M. spicetum. At 6-18 ppb (the upper limit of
herbicide concentrations occurring in most estusrine shallows), »
18-20% loss of photosynthesis would be axpected. Photasynthetic
recovery occurred within 1-2 weeks sfter initial exposure despite
continued presence of herbicide.

Suspended_sediment effects

Concentrations of suspended sediments (seston) often Incresse in
Chesspeske Bey from 20-160 mg/L within 1-2 h due to moderate (6-10
m/3) summer winds. Chlorophyll 3 concentrstions typically renge from

6-16 Mg/L over a tidel cycle snd sre not influenced by wind.

These 2 cowmon excursions in seston snd chlorophytl ¢ would result in
sbout GOX and 8% reductions, respectively, in the PAR (phytosyntheti-
cally active radistion) at §8 cm depth.

NMost |ight attenustion was sssocisted with inorganic particuiates end
other nonchlorophylfous ergenics.

Depth distribution of SAV mey have been restricted due to reduced PAR
aveilablility.

Nutrient enrichment

Experiments! ponds were treated with 8, 38, 68, snd 128 Jight inerganic
nitrogen (66% NH4*; 0% ND3~) with N:P stomic retios of 10:1. The

80-jgM dose was equivalent to runoff from typicas) wetershed (20%
-. esgriculturst, 11% residentiasl) flowing into Chesapeake Bay.

Phytoplankton biomess (ss chlorophylli-g) increesed with increased
nutrients.

Epiphytic aiga! biomess incressed significentiy st sll doses over
the control.

SAV biomass decreansed in all dosed groups and decressed significentty
st 608 snd 120 figl inorgenic nitrogen ss compared to controls.

{continued)



EPA REGION 3 (continued)

Nonpoint source

State Wsterbody

Agricultural sctivities

(runof? lnctuding herbicides,
sedimants, and nutrient enrich-
mont)

MD (con.) Upper Chesspeske Bay

Source

Kemp ot of.,

Impacts on aquastic biote

Summery

Field observations end historics! records atl suggest that nutrient
onrichment and Incressed turbidity sssociated with sgriculturs! prec-
tices probesbly pisyed mejor roles in the deciine of SAV in the upper

Chesepeske Bey.

Herbiclide runoff mey represent an ephemersily and tocelly lmportant
stress, but its contribution te the genaral dlieoff of SAY hes been

(continued)



State

MD (con.)

Waterbody Nonpoint source
Georges Creak Mining sctivities
(Al tegany County) (coal pile runcff)

Station IA - control

Station ID - recelves
some runoff 60 o
downstresm from cosl
piles

Station IIA - receives
runoft from adjscent
cos! piles

Station 1IB - receives
runoff from sdjeceat
coal piles

EPA REGION 3 (coatinued

Impacts on aquatic biots Source

Mecroinvertebrate community was sampied with T-sempler and srtificile! Swife, 1902
substrate sempler.

Controt

The control station recelved no cosl storsge or mining wastes, but
did hove a high organic loed.

The mecrobenthos were primerily tublficid wormes and chironomid larvee.

Species diversity at the contrel was low because of the numericel
dominence of these two texe.

Species richness was aise relatively low (6 to 8 texe).
Cosl rynoff sites

4 to 6 taxe ware present at runoff site (IB), but they were present
in vory low numbers. The predatory megsloptersn (Sislls) snd
chironomid iervee were predeminant in artificial substrete samplers.

Station [1IA was characterized by s grester number of species but by
very low densities. 2 to 10 tans were present In most T-semples,
including the only mayfiies sad dragonflies cellected.

Stetion 118 was cheracterized by heving very lew species richness
(9-6 toxa), diversity, asnd density initially. Even fower mecrein-
vertebrates were coflected In the second semple, snd no mecroinver-
tebrates were present in the third ssmple.




Stete
PA

'.hrbody
Several asjor water- Mining sctivities
sheds throughout the (ocid mine runoff)
state
(Monongshels,

Youghingheny,
Klﬂ:lqmit-t, Clarion,
West breanch of the
Susquehanns, Swsters,
Mohaney, Catowlsss,
Nescopeck,

Schuyllxlll)

?A REGIM l (coutlmnd)

Nw\polat mrcow

!-poch on .wtﬂc bloh Source
1. Flish biosssay testing Sutler ot ol.,

1973

A rapld blosssey fer acld water using chenges In cover snd sctivity
of fish was studied. The biosssay was determined to be unsuitsble
for the establishment of water quality criteris.

II. Eish - fleld populetion studies
Fishes wore collected using Retensne and electrefishing techniques

throughout Pennsyivenia te determine the o"oec of different lavels of
scld mine dreainsge (pH) en the pr or of fish populstions.

Common fish species were sbsent where there wes severe acld mine
drainage.
From a list of 116 {ish species found In Pennsylivenis, 16 species

oxhibited seme telerance te low pH of 5.6 te 4.6. The species snd
the lewest pH of water In which they were found sre shown below:

M 4.0

Chain pickere! (Esex niger)
Golden shiner (Nstn.-_'-mu ceyselouces)

A
Pumpkinseed (Lepomis l_&.u!)

o a7

Crook chubsucker (Ecimyzen oblongys)
Lergemouth bess (Microptervy syimoides)
M 8.0

Broek trout (Selvelinus fentingliy)

M 8.2

Creek chub (Semotilus stromeculstys)

(cont inued)



State

PA (con.)

EPA IIEGIW 3 (contlnuod)

Nonpclut. source

Waterbody

Mining activities

Severs! msjor water-
(scid wine runoff)

sheds throughout the
state

(Monongshels,
Youghingheay,
Kiskiminites, Clerion,
West brench of the
Svusquehanna, Swstars,
Mehanoy, Cat.uhss,

Nescopeck,
Schuy k1 11)

lnpsct- on .w.tic biote

Source

ehs.s
Yallow perch (Percs flavescens)
ph 6.8

Bluntnose minnow (Pimepheles notstus)
8lacknose dace (Rhinichthys atretulus)

et .9

Brown trout (Seime trutts)

Esstern mudminnow (Umbre phygees)
Longnose dace (Rhinichthys cecaractas)
Mergined medtem (Noturup ingignis)
Tessalsted darter (Etheostoms olmstedl)
Slimy sculpin (Cottus cegnatvs)

ot 0.0

Ohie lamprey (Ichthyemyzen bdelliem)
Stoneroller (Conpostome pnomelivm)
Silverjsw minnow (Ericymbe byccaty)
River chub (Nocomis micropagon)
Common shiner (Notropls gornutus)
Silver shiner (Notropis m&mlg)
Rosyfece shiner (Notreply rubellys)
Mimic ehiner (Mrogl! !g,_ggg!__n)
Heg sucker (Hypente!iwm g!mlsm:)
Reck bass (M_ggliggg [!m

Sme { Imouth bass (
Groons ide ‘orhr (

Fantsll derter (E ﬁ_!—_—m}”
Bonded derter ]
lloelu“:"oﬂ.o(rm (_P_gsmlm !!l!!!!—_)ﬂ_;u’
eH 8.]

Cutlips minnow (Exoplepsym -g_l._!.ms)
Falifish (Sewotilus corporalis)

Butler ot al.,
1973

(continued)



State

PA (con.)

EPA REGION 3 (continuod)

'.torbody Nonpoln'. source
Several msjor weter- Nlning ectivities
sheds throughout the (ocid mine runoff)
state
(Monongehels,

Youghingheny,

Kiskiminitas, Clarion,
West branch of the
Susquehanns, Swsters,
Mahanoy, Cotswisss,
Nescopeck,
Schuyikiti)

lnoct- on oquoﬂc biote

Source

Silvery minnow (N_,drom-thvu nuchalis)

Bigeye chub (Hybopsis smbiops)
Streamiine chub (NHybopsis dissimilis)

Sliver chub (Hybopsis stererisns)

Hornyhead chub (Nocomis biguttetus)

Comely shiner (Notropis smoenus)

Satinfin shiner (Notropis snalostenus)
Emerald shiner (Notropis stherinoldes)
Bridle shiner (Notropis bifrenatus)

Bigmouth shiner (Notropis dorssiis)
Swellowtaill shiner (Notroply progne)

Sand shiner (Notrople stramineus)

Southern redbelly dece (Phoxinue erythrogesster)
Fathead minnow (Pinephpies promeles)
Quillbeck (Carplodes cyprinus)

Longnose sucker ((atostomus catostomus)
Silver redhorse (Moxostoma snisurum)

Black redhorse (Moxostoms duquesnei)

Golden redhorse (Woxostoms erythrurwm)
Shorthesd redhorse (Monostoms macrolepidotum)
White catfish (Jctalurue catus)

Black bullhead (Ictaluwrus melse)

Yol low butihesd (Jctalurus natells)

(Noturys Toys)
Flatheod catfish (P11 ."i‘ [117
Trout-perch (P;r_qgg._li gténggo)
Burbot
Banded KTTIT1Ioh (Fundulug diashenus)
Mummic (Fundulive heteroc!itus)
Brook slliverside (Lebidesthes sicculvs)
Fourspine stickliebeck (Apeltes guadracus)
Oroolt sticklieback (Cylsen inconsteny)

rmouth (! s avlosvs)

llm"l (l_-gns.- 9 mecrochirye)
White cropple (Pompuis snnuleris)
Bisck crappie (Pemexis nigremeculstus)
Bluebresse darter (Ethegstoms comurym)
Spotted derter (Ctheostoms mecy!etum)
Tippicsnoa darter (Ethecstome g,_gg_c-nog)

Butler ot al.,
1973

(continued)



EPA REGION 3 (continued)

i s et ot e w meeee o me e = o o m e meis e e mamm = e = <o -+

Stete '.torbody Nonpuoint source Impacts on squetic blote Source
PA (con.) Severs! majer water- Ilulo. sctivities Logperch (Percine cepredes) Butler ot of.,
sheds throughout the (ecid mine runoff) Channel derter (Percine copelendi) 1973
state Longhead darter (Percing mecrocephale)
(Monongahele, Shield darter (Percing peitsts)
Yough ingheny , Welleye (Stizostedien v, vitreum)
Kuhmnﬂ.o., Clerion, Freshwater drum (Aplodinetus grunniens)
West branch of the
Susquehanne, Swetars, All species shown In the study were coliected In fish surveys between
Mahanoy, Catpwisss, 1967 snd 1976.
Nescopeck, Upper
Schuy tkill) Mine scid drainege hes severely sffected fish popuiations in

severs! major watersheds In Penneylvanie.

Totel scidity, pM, end prebably heevy metels are ail lnvelved In
the texie actioﬁ of mine acid drainege on fish popuistions. No
information was ebtained on concentretions eof metaliic lons in
these discharges, but cencurrent resdings of pi o low ss 4.6

and Cotal acldity ss low o8 16 ppm ere sufficient te sccount for
the cemplete less of fish populations at sbout 9% of the stetions
onamined whore ne fishes were present.

1I1. Aquetic Insects hieessey testing

The median telerance linite were detormined for 6 squatic Insect
species to low levels of pH. Test species were chosen on the
basis of their wide eccurrence. Continuous-flew bicassey systems
wore used; however, ne velues were validated in field experiments.




State

VA

Nonpoint source

Tributary of Totier
Creok
(Albormarle County)

Wilderness Run
(Spotsyivanis Ceunty)

Watk Creok
(Blend County)

Tridbutery of North
Mne River
{Gronge County)

Witderness Run
(Spotsyivenis County)

Construction activities

(sodiment Trom highwey
construction)

EPA REGION 3 (continued)

Impacts on aquatic biote Source

Geners) guwmery Reed, 1977
For both mecroinvertebrates and fish, » reduction in diversity (number

of species) and density (nuwber of ergenisms) occurred after exposure

to incressed sliitation and sedimentation.

Reductions In density were significant. Although not significent,
there was @ trend Loward reduction of diversity downstresm from
construction sctivities.

Sln,«l.r comparisons of upstresm and downstream communities were
useful, but the valuve of muitiple cbservations before, during, end
sfter construction were more usefu!.

Wecrelnvertebrates

Mecrelinvertabrete sempling wes cenducted using a D-freme dip net st an
upstream contre! stetion end & downatream Impacted stotion on 4 rivers.

At all 4 sites, there were from 12-40% fewer species snd from 02-06%
fower erganisme, which wes a significent decresse in numbers.

Macreinvertebrates were sise cellected on artificis) samplers (rock-
filied, wire-mesh beskets). Thirty days of greuth were evaiusted ot
the first sswmpling. The upstresm contrel stations conteined 16-18
specles and 167-405 organisme. Downstresm lmpacted stations contained
:nl'y 14 species, but the numbers of ergenisms fluctuated drameticeity
rom 73-809.

Results from artificisl substrete samplers differ frem those from
D-frame dip net collections. Artificis) semplers sre held above
the substrate, thus benthos sre not smothered by sediment.

(continved)



State

VA (conm.)

Waterbody

Back Cresk
(Bath County)

David Creoek
(Appomatton Ceunty)

Deep Run Creek
(Stafford County)

Wilderness Run
(Orangs and
Spotsylivenis Counties)

Redbud Creok
(Albermarie County)

Foster Branch
(Afbemarie County)

Nonpoint source
Construction sctivities
(vediment from highway
construction)

EPA IEOI(N 3 (eontuwod)

Impacts on uwotlc Hou

Seurce

F!_._h
Fish were collected using electrosheching techniques coupled with
block nete.

The upstresm contrel elite heod 21 species, 229 Individuale, and » diver-
sity index (DI) of 8.83, shile the downstresm impacted site hed 1§
species, 166 indlividusis, end o DI of 0.70. There were 20% fower fish
specieos snd 45% fewer Iindividuais ot the impacted site.

During construction, 18 specles and 141 individuels were collected ot
the upstresm eontro‘ site (DI = £.02). Only Il 'I-h -poclo. ond 72
individuals were collocted st the ¢ troem | elte (D! = 9.60).
There were 31% fower species and 48K fewer individusis at the impacted
slte.

After construction recovery, there were 1§ species, 144 individusle,
and o DI of 0.73 at the upstrese centrof site. At the downstresm
site there ware 28 species, 308 individusis, and » DI of 6.03.
Species number, diversity, end populations ‘ncruo“ pestconstruction,

Ouring construction the centrol statien contained @ specles, 36 lndivid-
uais, ond o O of 0.77, while the downstream impscted site contained &
-ooc‘u, 2 !n‘lvlduol., ond » DI of 0.84. There were 11X fewer species
and 4% fewer individuals at the impacted site.

After constructien recevery, 17 species, 332 Individusis, end » DI of
8.84 were found st the centrel site ‘lo 16 specles, 269 individuals,
and 8 DI of .76 were found ot the fq.cw site. Fower species and
fower Individusis were collected at the impected site postconstruction.

After censtruction stopped, the contrel site contained 12 fish species,

Reed, 1977

13 indlviduals, asnd a DI of 0.84, while the downstream site contained only

7 species, 73 individuails, ond o OL of 6.62. This represents 35% fewer
species end 42X fower orgeniswms.

After constructien recevery the centrel site centained § specles, ‘1
individunis, and » DI of . §7, while the impacted site centained 7
specles, 67 individuain, ond ¢ DI of 6.68. No significent difference
occurced in the sites postconstruction.

After construction stopped, sn upstresm centrel site contained 13
spacies, 273 individusls, on‘ . Dl of 0.02, while the downstream
impected site contained 13 species, 169 individusin, and o DI of 8.76.
There was no changs in the number of species, but 42X fewer orgeniems
sppesred at the impacted site.

After construction stopped, an upstreesm contrel slte contalned 12
species, 161 individusis, and a DI of 9.78; the downstresm impacted site
contsined 11 species, 189 individuals, snd o DI of 0.69. This represents

IS fower npocios ond 321 fmr organisms ot the lwocm site.

(cont inued)



State Waterbody

VA (con.) A smelt 17-acre
recrestional loke
(Chesterfield County)

int source

Constructlion sctivities

(sediment runoff from
residential sites)

EPA REGION 3 (continued)

Impacts on squatic biots Source

Sampling occurred during Jenusry and Februsry 1972 prior to construc- Semse!, 1973
tion activities end during Jenusry snd Februsry 1973 sfter construc-
tion activities were initisted ln June 1972,

Incident radistion and tempersture vatues were compersble during
both winter ssmpling periods, e# were wind velocities.

Subsurface redistion snd secchi disc values were reduced by half
snd were lowest at the ssmpling site Ismedistely offshore from the
construction aree.

Algal stending crop (totsl extractable chiorophy!l) and phytoplenkton
g?:u‘-y productivity (14C0; uptake) were 2 to 3 times less in 1973
on in 1972,

Chemicel nutrients veried tess then productivity vatues.

valves ond pH were fower in 1973, MNHJ-N incressed twofold, poasibly
:uo te tawn runoff end sedimentation. PO4-P, Si02, and hardness alse
ncressed.

The incressed nutrients should have stimuisted the algal productivity;
however, production insteed decressed some 2 to 3 Limes during the
winter perled.

Tota! aumber of algel geners was reduced from 24 to 16.

Significant shift in relative dominence of coertala sigee taxs occurred.
t!ulsu’ and Dinebryon diseppenred and were repliaced by Chrysephytes.
Movgeetis (o filementeus green algee) grew well siong the lakeshere
prier te construction but diseppesred sfter censtruction.
Stigeecionivm, fhigzecionivm, and Qesmidive alse diseppesred sfter

construction.




EPA lEG!lN 3 (cootlmn‘)

Nonpo int source

Impects on squatic biots

Source

Tygsrt Leke

Mining activities
(ecid mine dralnege)

Fish surveys were conducted over s period of 1 yesr (August 1968 -
August 1967) using giltl nets, tremme! nets, end Rotenone. Date from
these surveys were compered to fish survey data from 1947 - 1948 end
from 1988.

Brown bullhesds (Ictalurys nebulosus) predominated in all yeers.

Blue glit (Lepomis macrochirys), pumpkinseed sunfish (Lepomis n__mw.
ond hrmﬂi beae (Micropterys ssimoides) sre represented in the
current and previeve surveys.

The white sucker (Catoptemus commsraoni) wes relatively shundant in
sorly eurveys, but only 1 specimen was collected In the current study.

Substantis! nusbers of white crepples (Pomoxis snayiaris) were feund in
m“‘:«r - 1948 study, but severe pepuistion deciine resuited In loter
[ os.

When fish popuistion composition was compered te 8 contrel pond compe-

sition, golden shiners (Notemigonys mlm_‘_!) ond black crepple
(Pomoxip nigremscylistyus) were sbsent or rare in Tygert Loke.

Pollution by acld mine dralnage appeers to be respensible fer poer
standing creps in Tygert Leke.

Benson, 1976

(continuved)



EPA REGION 3 (continued)

Staste Weterbody Nonpoint source

W (con.) Construction activities
(assessmant of impects of
sediment transport snd streem
channel relocation associsted
with highway construction)

Lick Creek 3 contrel sites
(Boone County)

Turtle Cresk 4 impact sites
(Boone County)

Impacts on squstic biots Source
This study wes conducted for a 2-year perlod from Septesber 1973 Chisholm and
to November 1976. Downs, 1978
Benthic_lovertebrates

Ephemeropters, Trichopters, Colecptera, snd Dipters predominated.

Diversity inden ronged from 2.14-3.13, generic ceunt from 9-18, ond
total count from 29-177.°¢

Benthic invertebrates
Ephemeropters, Dipters, and Trichopters predomineted.

Diversity index renged from 0.88-3.41, generic count from 1-16, end
tots! count from 2-246.

Massive sediment trenspert end channe! relocation slong Turtle Creek
generated by construction sctivities destroyed or severely demeged
the benthic lnvertebrate community.

Greatest damege (18 months after construction begen) was ebserved In
upper stresm resches where gradient wes grestest and tributery input
of banthic organisme was lesst. Downstresm resches were less offected;
certsin organisme were preferentially eliminsted.

Repopuiation end orgenism diversification of elid end new channels of
Turtle Creek occurred quickiy. Within 1 yeer after construction wes
completed and vegetstion had stebilized and reduced release of sediment,
the populatien end diversification of benthic invertebrates of Turtie
Creak sites were similiar to those of Lick Creek (the control). Medien
diversity of Turtle Creek was 2.82 (Lick Creek, 2.39). Orgenism drift

" ond inflew from undewmaged tributaries were the mejor methods by which

Turtle Cresk wes repopulated.

*Total count = Tots! number of ergenisms per semple.
GCenaric count = Total number of different geners per ssmple.

(continued)
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MNonpoint source
Mining sctivities
(ocid mine drainege)

State

EPA REGION 3 (continued)

Impacts on aquatic biots

Sovurce

A 2-year study of productivity in an acid feke.

The leke statlions were considersbly more ecidic in 1973 than in 1976.
Sackwater sress were the reverse of the lske stetions.

There wes ne spring sesson of aigel growth in the lske. Virtusliy
sfl snnusl primery preduction took place from July te October.

In 31973, despite the fact that backwater stetions were less scidic
then the lake station, production wes much higher (2 to 4 times) ot
the leke ststions.

In 1978, data sre reversed. The bachwater statiens were much wore
productive than the lske statiens.

:N discontinuitios in the backwater atstiens ceused ecolegice! lnste-
ity that decressed the sctivity of the phytopiankton witheut
drasticetlly lowering the blemess.

DeCosts and
Preston, 1900

(continued)



EPA REGION 3 (continued)

Waterbody

Stete

Nonpoint source Impacts on aquetic biota Source
W (con.) 4 stresms in the Forestry activities Benthic ssmples were collected using an Echkmen dredge, and emerging Lee and Semve!,
Fernow Experi tal ( t of the differences insects were coptured in flosting traps. 1976
Forest nesr Parsons, in benthic fauns st & control
w site, clearcut site with The control wetershed stresm contained the highest tota! numbers

stresm buffer zone, snd clesr- (69,400) and total biomess of invartebrates (14 g/m?). The wetershed

cut site with only herbaceous stream with buffer shade zone wes intermediate (total numbers 44,200

cover) snd 8.4 g/m2 biomess), and the wetershed with herbaceous cover wes
towest (total nusbers 32,400 and 6.4 g/aZ biomess).

Dipters and Pelacypode orders accounted for 85-91% of total biomess
in the weir ponds.

The nusber of emerging aquetic insects was 3,726 for the control site,
1,834 for the buffer shade zene site, and enly 78 for the harbaceous
cover site. Vearious silvicide residusl effects could expiain the

low numbers of aquatic fauna st the herbaceous cover site.




EPA REGION 4



Stete '

FL

Waterbody Nonpoint source

Ssitmarshes adjscent Agricultursl sctivities

to Altigstor Harbor (pesticide spray progrem to
(Frank)in snd Wakulls control dogflies)

Counties)

EPA REGION 4

Impacts on aquetic biots

ODT was lest spplied to Frenklin County beach sress in 1966; howsver,
high concentrsetions of pp-DDT persisted in the upper 2 cm of mersh
sediment. Field observetions on blue crebs (Cellinectes sepidus) were
made bluweskly from October to December 1973 in both DDT-contsminsted
and control (unspreyed) ssitmersh sites.

When mortelities occurred In DDT-contsminsted seltmarsh sites, blue
crebs were collected for tissue residue snalysis. Control site crabs
were slso collected for residue snslysis.

Blue creb mortalities occurred 'n the DOT-contemineted popuistion simul-
teneously with s decresse in weter tempersturs, wheress no wortslities
were observed in control populatiens.

Although tissue residues of DOE, D00, and DOT were highly verlable emong
crabs from the DOT-contaminated mersh sress, they were In all ceses
higher then these found ia crabs from control mersh sress.

Moribund crabs from the DDT-contamineted mersh sppsrentiy lacked
oqullibrium and were elther tremoring or in en entremely torpid atate.
Burrowing behsvior mey have been sitered by ODT or its metsbolites.

Source
Koenig,
Livingston, snd
Cripe, 1978




Stete Weterbody .
GA 21 wetersheds in the
. Atlants metropotiten
sres

(including North
Atlente, Decatyr,
Lithonie, Lewrence-
vilte, and Logenville)

Nonpoint source

Urban runoff
(urbsn development lend use)

EPA RﬁGI(N l (continued)

Impacts on squatic biots Source
Geners! conclusions on mecroinvertebrate community chenges were Benke ot ol.,
besed on artificiel! substraste semplers. 1981

Stresm communitios did seem to serve »s on integretor of streem
conditions through time, sppsrently due to the differentis! sensi-
tivity of species to pollutents and differing species replacement
times.

The diveraity index was of limited velue in our ansiyses. Looking st
number of total texa provided better resuits.

The concept of hlersrchicatl diversity ls o vseful one and its use
sve us some insight inte the texonomic level et which useful
nformetion cen be obtained for biomonitering progrems.

Fomily diversity was just es informetive as species diversity.

The wetersheds selected fel! late 2 cotegories based on the
percentage of development vs. vegetested sres; the bieleglce!
classification largely foil Iinte these 2 groups.

Urban development sheuld steer clesr of the streame themeelives end
thelr sssoclated riperisn vegetation snd an sttempt shouid be mede
to retain substantive smounts of vegetastion throughout the watershed.

ALl highly urbenized stresme were very degraded biclegicaily.
The clesnast urben stresm wes In o new (€16 yr) residentis! develop-

ment. Thare is o suggestion thet degradation of some urben streems
mey be dua to loskage from old senitery severs.

(continved)
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Nonpoint source

State ' Waterbody -
GA (con.) Ses Islend Cluster
Big Croek
(Were County) Control

‘Hackleberney Creek ' Agriculturs! sctivities

(Pierce County) (phosphorus ievels high enough
to support nulssnce algee
grewth)

Anderson Brench . . Forestry activities

(Brentiey Copnty) | (Yogging)

EPA REGION 4 (continued)

Impacts on equatic biots Source
This study was conducted for 2 yesrs from July 1981 to July 1903, Cook et ol.,
1903

Periphyten

21 distom geners were collected; tote! chlorophyil (1.8 wg/m?.
Wacroinvertebrates

168 species were collected (8,000 specimens); Ephemeropters,
Trichopters, and Dipters predominated; tubificid worm density was
high for » netursil asres.

Fish

14 species were collected (143 specimens); bluegiil sunfish (Lepomis
mecrochirus) was 39% of totel.

Periphyton

19 distom geners were collected; totel chlorophyll 1-23 mg/mZ.
Macrolnvertebrates

223 species were cellectad (40,087 spacimens); Ephemeropters snd
Teichopters low density; Isopod genera (Aselfus) shundent; considered
focuitetive to orgenic pellution.

Tubificlid snd neldid worme were relstively common; considered tolersnt
to orgenic pollution end sedimentation.

Eish

28 species were collected (221 specimens); flier (Centrerchus megropterys)
was 20% of total.

Perighyton

11 dietom geners were collected; totel chlorophytl 1-2 ng/nz.
Mecrolnvertebrates
* 130 species colfiected (708 specimens); few Ephemeropters species;
Amphipod genus (Grangonx) common, considered facultstive to orgenic
poliution., Specles ?

Fish

6 species ware collected (12 specimens--not fully sampied). Brown
bullhead (Ictsfuruve nebulosys) wes 33X of Llotsl.

ntolerent of orgenic pollution were relatively common.

(continued)



EPA REGION 4 (continued)

State Waterbody Nonpoint source Impacts on aquatic biote Source
. e e e s e e eiee e e e
GA {con.) Ses Istand Cluster Cook ot o).,
Bailey Branch 1903
(Ware County) Urben runoff Periphyton

(phosphorus, nitrste, and
nitrite levels high enough to 17 diatom genera were collected; total chlorophyll 1-60 ng/nz.
aupport nuisence sligse growth)

Macreinvertebrates

76 species were collected (684 specimens); no Ephemeropters or
Plecoptera were collected; toxic-pollution-stressed stream; tubificid
ond naldid worme predominsnt; sediment- snd orgenic-peltlution-tolersnt
speclies predominent.

Fish

8 species were collected (384 specimens); mosquitof ish (Gembusias
affinis) wes 04% of the total.

(continued)



State Weterbody Nonpoint source

*

GA (con.) Ridge Valiey Cluster
Swamp Creek :
(WMitfield County) ‘Control

Little Creok Agriculturs! sctivities
(Welker County) (orgenics, sediment, end
pesticides)

EPA REGION ¢ (continued)

- of high periphyton end mecroinvertebrate populations.

Impects on squatic biote Source

Cook ot ol.,
1983

Periphyton
23 geners of distoms coliected; total chiorophyil (3 mg/m?,

Mecrojnvertebrates

204 species were collected (7,230 specimens). Plecopters,
Ephemaroptera, snd Tricopters were the predominant fauns of coel,
clean~weter stresms. Many poliution-sensitive (sediment snd orgenics)
species were present.

Eish

14 specles were collected (933 specimens); 2 species sccounted for 83%
of totel--Cooss shiner (Notropis xsenocephaius) end stonerc!ler
(Compostome enompiym).

Periphyton
27 geners of distoms were identified; tote! chiorophyl! 1-26 mg/m2.

Macroinvertebretes

348 species were collected (12,069 specimens); Plecopters, Ephemeropters,
ond Trichoptere predomineted. None of the clesn-water Trichoptere

found st the contrel site were present; enly pollutent-tolersnt forme
were collectead. The site was severely impected by polliution. The
density of macroinvertebretes wes 2-3 times thet st the control site.
Plecopters sensitive to pesticides occurred st only 25% of the number
found ot the contrel site.

Fish

23 species were collected (784 specimens); 2 species sccounted for 36%
of the total. Cooss shiner (Netropis xsengcepheliys) snd stoneroller
(Compostoms snomeiym) were the largest populations of fish as o result

(continued)



‘State’ Waterbody

. GA (con.) ' Ridge Velley Cluster

Kings Creek
(Floyd County)

Horseley Creek
-(Floyd County)

Nonpoint source

Forestry sctivities
(sedimentation from logging
snd rosd construction)

tirban cynofft
(sedimant, high orgenics, snd
‘phosphorus fevels)

EPA REGION 4 (continued) !

Impacts on squatic biota Source
Cook ot ol .,
1903
Periphyton
23 geners of distoms were collected; tote! chlorophyll (1 to 7.8 mg/m2,
Vacrolnvertebrotes

228 species were collected (7,712 specimens). Plecopters, Ephemsropters,
ond Trichopters were predominant. Sediment-sensitive species were
reduced in nuwber.

Eish

18 speclies were collected (768 specimens); 2 specles sccounted for S8OX
of the tetsl. Banded sceulpin (Cottys carplinse), stonerollier (Compostomes
anomalum), and Coess shiner (Notropis xsenocephsiye) decressed sfter
logging operstions increased.

Periphyten

26 genere of diatoms were collected; polluted-water specles wers common
in sl! semples; total chiorophyil 1-37 wg/m?,

Macroinvertebrates

224 specles were collected (4,968 specimens). Plecopters, Ephemeropters,
ond Trichopters were predominent. Only poliution-tolersnt specles were
found. 6@ lewer speclies were found than were found et the control site.
Orgenic polliution-tolerent Dipters were common (27.4%K of totsl); neldid
ond tubificid worms were sise cosmon.

Elsh
19 species were cof lected (699 specimens); 2 mpecies, stonereller

(Compostoms engmeiym) end reinbow shiner (Notropis chrosowus)
sccounted for 86X of the tatet.

(continued)



EPA REGION 4 (continued)

Weterbody

Stete

Nonpoint source

Impacts on squatic biots

Source

Piedmont Cluster
Cable Brench
(Green County)

GA (?on.)

Little Sandy Creok
* (Wa lton County)

" Litstle Croek ’
. (Josper snd Putnsm
Counties)

Controt

Agricuitursi sctivities
(sediment end organice)

Forestry activities
(sediment (o0wd)

This study was conducted for 2 yesrs from August 1981 to August 1903,

Perliphyton

Aversge trichrometic chloraphy!! g 3.33 my/mi; 104 distom species
ldentified; 8 dominent speclies accounted for 87.9% of the totel.

Mecroinvertebrates

Dipters snd Trichopters were dominsnt with Ephemeropters, Colecpters,
snd Plecapters present In lesser smounts.

tw

ish

7 specles (668 specimens)

Periphyton

Average trichrometic chlerophyll g 2.27 mg/m?; 120 dietom species
identifled; 21 dominent specles sccounted for 97.6% of the totel.

Macroinvertebrates

Dipters were dominent with lesser amounts of Trichopters present.

Eleh
13 species (378 specimens).

Periphyton

Trichrometic chlorephyil 3 0.70 mg/n?; 106 distom species ldentifled;
16 dominant species accounted for 92.6% of the totsi.

Uecrolinvertebrates

Dipters were dominant with lesser smounts of Trichoptera, Ephemeropters,

ond Plecopters present.

Aqustic moss habitat wes completely eliminated by forestry sctivity (clesr

cutting) .
Flsh

26 species (1,138 specimens); incressed sediment reduced habitet snd

invertebrate food sources.

CTA, Inc., 1903

(continued)



Stete

GA

) Waterbody

Piedmont Cluster
Brooklyn Creek
(Clerke County)

] (con.)

Blue Ridge/Uplend

Cluster ,
Amiceletla Creek/
Saith Creek
(Dawsen County)

White Creek
.(n.u_. County)

Nonpeoint source

EPA REGION 4 (continued)

Impects on squatic biots

Source

Urbasn runoff

Controfl

Agriculturs! asctivities
(sediment and organics from
posture lend)

Periphyton

Aversge trichrometic chiorophyil o 1.48 wg/m?; periphyton species wers

indicotive of & stressed system.

pollution-tolersnt species.
sccounted for 60% of

Mecroinvertebrates

Distom c
Only 93 speci

the totel.

osmunity wes dominsted by
o identified; 13 specles

Dipters were predominent in species; Oligochsestes were predominent in

numbers .
Elsh

8 species (111 specimens).

Periphyton

Avers.

trichrometic chiorophyt! ¢ 0.32 -,

tdentifled; 8 dominant epecies eccounted

Mecrolnvertebrates

Aqustic mose habitat contelined meny species.

/m2; 93 dlatom specles
or 00K of the totel.

A tsrge number of speci-

mons were intolersnt to sediment end organic leading.

Eish
7 species (378 specimens).

Por iphyten

Aversge trichremstic chlorephyi! g concentretion 4 times the centre!

(1.61 mg/m?); 99 distom species identified.

sccounted for T0% of the totel.

Mecrolnvertebrates

A reduction in Plecepters occurred.
sssocisted Invertebrate poputations remeined intect.
Sediment-tolersnt werm-water specles were dominent.

species were reduced.
Eish
12 species (568 specimens).

14 dominent epecles

Some aquetic moss hebitat end
Sediment-intolerent

CTA, Inc., 1993

(continved)



State '

(con.)

EPA REGION 4 (continued)

Waterbody Nonpoint source

Blve Ridge/Upland
Cluster .
Jokes Brinch Forestry sctivities
(Lumpkin Coutity) (sediment losd from road
construction)
Fiat Creek Urban runeff
* (Hall County) (high orgenic foad)
Culf Cosstel Plains
Cluster
Little Sturgeon - Control
Creoek

(Ben Mall County)

Impacts on squatic biote

Source

Periphyton

Average trichromatic chiorophyll g 8.69 mg/m2; 136 distom species
identifled; 8 dominant species sccounted for 76X of the totel.

Nacroinvertebretes

Totel number of species were reduced (Trichopters, Ephemeroptlers,
Pliecopters, snd Dipters predominent). Aqustic moss hadlitat snd sssoc)-
sted Invertebrate sssemblage were grestly reduced.

Elsh

T species (232 specimens); sediment reduced density.

Periphyton

Trichromatic chierophyi| g 20 tLimes contrel streem (V.0 mg/m?); 90
distom specles identified; 18 dominant species sccounted for 8%
of the tots!., Nitrechie peles, s recognlzed Indicstor species for
orgenic pollution, wes 26.4% of the tetal,

Vacroinvertebrotes

Dominant potlution-toterant species of Olligochasts and Dipters were
preseat. No squatic moss hsbitst or sssocleted Invertebrates were
present.,

Elsh

@ species (0 specimens).

Periphyton

Aversge trichrometic chierephyll g 4.42 mg/m2; 86 distom species
identified; 12 dominant species sccounted for 86.8% of the total.

Vacroinvertebretes

Chironomides, Odonate, snd Coleopters were dominant with lesser smounts
of Ephemeropters and Trichopters present. A large Amphipods component
was also present.

Eish

CYA, Inc., 1983

?_l_ species (188 specimens).

(continued)



State We iorbody

o Nonpoint source
GA (con.) Gulf Cosstel Plaine
Cluster
Comp Creek Agricoultural sctivities
(Dooly County) (2ediment and organics)
Besver Creek Agricutturs! sctivities
(Mscon County) (sediment snd ergenics)
Heard Croek Agricutturel sctivities
(Yifton County) (sediment)

EPA RECION 4 (continued)

Impscts on aqustic blote

Source

Periphyton

Aversge trichrometic chlorophyl! g 2.22 mg/e?; 167 distom specles
identified; 14 dominent speclies sccounted for 86.2% of the totsl.

Mycroinvertebretes

Dipters were dominent (48.6%X), with Trichopters esccounting for 30.8%,
Sediment- and orgenic-tolerent species constituted virtually ell
the Trichopters collection.

nd

22 species (392 specimens); good fishery; most diverse feuns.

Periphyton
Average trichrometic chierophyli g 1.84 mg/m2; Chlorophytes (Yolvox)

ond Eugtencphytes were dominant; 99 distom speclies ldentifled; 10
dominent species acceunted for 83.7% of the totel.

Macroinvertebrates

Chironomidse, Trichopters, snd Ephemeropters predominsted.
Elgh

16 species (11€ specimens); high-turblidity water.

Per iphyton

Aversge trichrometic chlorephyll 9 9.94 mg/nZ; 08 distom speclies lden-
tified; 11 dominent species sccounted fer 78.7% of the totsl.

Necrolnvertebrates

Chironomidee, O1igochests, Isopeds, Pelecypeds, Ephemeropters,
Simuliidse, ond PLychopteridae were dominant. Low nusbers of
individusts were collected.

Fish

11 species (101 specimens); highly stressed environment,

CTA, Inc., 1903

(continved)



GA

Stete

(con.)

Waterbody

Gulf Cossts! Ploins

Cluster
New River
(Tifton County)

Nonpoint source
Urben runoff
(high orgenic loed)

Source

Impacts on squstic biots

Periphyton

Aversge trichromatic chlorophyll » 8.38 mg/m?; high primery preduc-
Livity; 06 distom species ldentifled; 11 dominent species sccounted
for 68X of the tote!.

Macrolnvertebrates

Simuilides, Chironomides, Ephemeropters, Oflgochsets, Pelecypode, and
Trichopters predomineted. Specles found were tolersnt to ergsnic load-
ing stress environment.

Eish

11 species (659 specimens); residentiet land use predominated.

CTA, Inc., 1083




Stete Weterbody WS pol lut.n\.

EPA REGI(N 4 (contmuod)

ll-poct- on -qu.tle blot. Sourco

NC ’ ' Urban runoff
(storm weter)

Sweaten (reek
Upstresm contrel
site compared to
downstresm urbsn
site
(Asheville, NC)

Control site:
Fourmile Creek
(Deviduon County)

Urben runoff sites:
Sslem Creek
(Winstoen-Selem)
Tor Brench .
('hntoa-.'ulu)
Pigeonhouse Branch
(Raleigh)
Rocky Branch
(l.loi.h)

antrol stetion to urben storm water Oude, Lenst,
1

rete gol fection snd Penrose,
1979

Ave. density 197 6684

Ave. texs richness 36.3 10.3
Ave. diversity 3.6 1.8
Ave. blotic index 1.0 3.8

Taxs richness st control wee highest for Dipters, other groups,
Trichopters, Plecopters, snd Ephemeropters; st urban slite taxe
richness was highest for Dipters snd Ollgocheets.

Density of mecroinvertebrates st the control site was highest fer
Plecopters, Trichopters, snd Ephemerepters; st the urben site It was
highest for Otigochsete end Dipters (93% of semple).

The number of different speclies found Iin esch semple was reduced
10% from that of the control site.

Poliution-sensitive Ephemeroptera, Plecopters, snd Trichopters sre
simost compietely eliminated snd wre replsced by pellvtion-tolerent
Oligocheste (Limnodrilys hoffmeisterl, L. udekemisnvs, Jiyodrilus
templetonl, snd Nels gommunls) end the Chironomidse (Chironomus spp.
snd Cricotopue spp.)

W-Lsmu_gn vrben_pollvtion of 4 Pliedmont urben runeff sites
os_compsred te s contrel Pl nt_site
Urben sites contalined enly 8-13 taxs os compared te 36-44 taxs at

the control gsite. This Is more then s 68% reduction, which would
classify 8!l urben study stresme ss severely stressed.

A high percentage of Oligecheste snd pelliution-telerent Chirenemidee
ware present. These 2 greups represent >O0% of the tete! organiome
collected st urban sites, ond enly 37% ot the centre! site.

Ephemaropters, Plecopteres, Trichepters, end Coleopters were not fust
reduced but were sbsent completely frem urben sltes.

{continved)



Stete

NC (con.)

. (Roleigh)’

Waterbody
Fourmi le Creek
(control)
Urban runoff sites:

Sstem Creek
(Winston-Ss lem)

Yer Branch |-
(Winston-Selem)

Pigeonhouse Qt"nnch
(Raleigh)

Rocky Brench .

Nonpoint source

Urben runoff

(storm water)

EPA REGION 4 (continued)

Source

Assocleted causes of poor water quelity at urban sites mey Include:

® Sediment from quarry discharge (Asheville)

® Orgenic pollution Trom cracks In sging sewer lines (Asheville, 1979
Winston-Sslem, and Charlotte)

® Illegel toxic dischergee (Durhem, Releigh, Winston-Salem, and
Charlotte)

® Sediment from streem bank erosien (Releigh)

While discherge pormit )imite moy bo met, water quality assesement

by mecrolnvertebrate sempl) rovesls thet stresms sre not meeting

woter quaiity rulu *"to previde fer the pretection end propagetion

of fish, shellfish, and wildlife.®

ODude, Lenst,
end Penrose,

(continued)



Stete

NC (con.)

Weterbody NPS pollutent
Construction sctivities
(Highway runoff from
Interstate 1-86)

Severmile Creek
(Orenge County)

EPA REGION 4 (continued)

Source

Impacts on equstic blote
A field monitoring program wes conducted st the 1-86/Severmilie Creek
site In North Carotinas. The highwey/receiving weter Intersction st
this site con be cherscterized as s major interstate (26,600 vehicles
per dey) pessing through s primerily forested rursl region. Runeff is
discherged Into both hesdwater tributaries and the mein streem chennef.
Agsin, o rursl design with flush-shoulder, grassy-ditch dralnsge was
used. In addition to runoff pollutent loade, treated ssnitery weste-
weter discharges to the recelving weter from twe rest sres extended-
serstion packege plents slso contributed poliutents.

Dupuls et of.,
1986

Only o smett percentage of the tots! watershed poliutent losd was con-
tridbuted by 1I-86 runoff. The right of way (ROW) comprised only 2.6% of
the tote! watershed ares.

The results of monthly beseline snd wet westher event (7 discrete
evente) sempling surveys demonstreted little effect from 1-06 runoff?
on streem water quelity. Although certain parsmeters had elevated
concentrations st u statlion clove te runoff discharge points compered
Lo control stetlions, the megnitude of this impect wes not severe.
Nelther weter queilty stenderds for the Stete of North Cereline nor
water quelity criteris issves by EPA were exceeded during these events
ot this stetion. Furthermore, these concentrations were reduced to
background levels threugh dilution/sedimentetion st the downstresm
station.

1-08 runeff d1d not ceuse high sccumuliations of poltutants in the sedl-
monts. Although certein peremeters st times had higher cencentrations
ot influenced stetions compered to contrels, there wes me consistency
between surveys, between sll inflivenced stetions, or even between
replicates st o given stetion and survey.

The highwey had no detectable offect on the macreinvertebrates of
Severmlle Creek. The texs cellected end thelir sbundence showed ne
recognizsbie trends, elther quslitetively (Hester-Dendy sempies) or
quentitetively (Surber semples), thet would suggest s "‘I':* infiu-
ence. Authors determined mesn density (grems of orgeniems/ml) bliomess,
richness, snd blotic index fer sl! mecreinvertebrate dats.

: (continued)



State

NC (con.)

'ﬂ.orbo‘y Nonpoint source

Beech Flats Creek Construction activities
(runoff from scid rock used in
rosd T111 for highwsy con-

struction)

Walker Prong River Neturelly occurring scld creek
(streem badrock erosion snd
lesching)

EPA REGI(N l (contmuod)

o l-o-ch on hqo.tlc Noto Source
Fish surveys by electroshocking indiceted that no brook trout Huckabee,
(Sefvelinus fontineiis) or other fish were present 1.8 km downstresm Goodyesr, snd
from » construction roed-fill site. Jones, 1978

An instresm experiment showed that 30 contrel trout (held In bashets
upstresm of construction site) survived 2 deys In situ ond 3 additionst
monthe in the lsboratory. The 30 fish held downstresm of construction
site exhibited 100% mortslity in 49 hours ot pH 4.8-4.9.

Survivel of the shevel nosed salemender (Leyrognesthus mermorstys) wes
100% sfter 7 doys st the upsiress site (pH 6.9-7.2) but wes 48X ot the
downstresm slite (pH 4.6-4.9).

Contrel subjects were lnt in o flash ﬂo“: however, 42 doys sfter
enposure begen, 8I%N of tresm se! s were deoad.

Brook trout In centrel teibutery (pH 6.2-6.6) had survive! of 9% end
100% st 2 sites wver s 14-dey perled. Brook trout ot Welker Prong
River sites (pH 4.6-5.0) hed survivel of 20% end 69%.

All desd fish hed glll hyperplasie (s symptom of both zinc end

o lumlnum pol.onlnr This wes further evidence of the {esching of
oc:l‘ rocks concomitent eith the relesse of seluble metels snd depres-
sion of pH.

(continuved)



EPA REGION 4 (conbinued)

Stete Waterbody Nonpoint source Impscts on squstic biots Source
NC (con.) Smith Creek . Lend use isons bet Mecrolinvertebrate North Caroline
(Grenvifle County)! forested (control), egricul- Divieion of
. : tursl, end urban runoff sites Collections were mede by the kick method. Environmentsl
‘Devil's Cradle Creek Mensgement,
(Fronkiin County): Retetive to the forested contrel (Smith Creek), the sgriculturel 1986

March Creek
(Wske County)

stresm (Devil's Credle Creek) hed sipgnificentiy lower taxs richness
for most intolersnt groups, Ephemeropters, Plecopters, snd Trichop-
ters. Lower texs richness wes slso observed for Ddonsts, Megelopters,
snd Coleocpters, sithough some of these were not significent. These
declines were offset by Incresses in Mollusce end Oligocheete.

Much grester declines In taxs richness were observed st the urben
site (March Creek) os compered te both the control end egricelture!
site. Significant declines wore seen in ¢!l 8 Insects groups and
In the Crustaces. Only the Ollgochsetes incressed in diversity.

The observed reductions in texs richness indicate moderste stress st
the sgriculitura) site end severe stress st the urben site.

Tote! teus rich wes reduced by 4-16% st the sgricultural site ond
48-62% at the urban site. GOrester reductions were seen fer the
Ephemeropters, Plecopters, and Trichepters (intolerent groups) texs
richness: 47-48% ot the sgriculturs! site and 74-81% ot the urben site.

Density (sbundance) velues ususily mirrored the psttern observed for
tone richness with seversl exceptions. Densities of Ephemeropters and
Plecopters were (ower st the sgriculture! site than st the control site;
however, ne decline In Trichopters density wes seen, Rather, Celeoptlers
deciined. Chironomidse end Ol igochaets densities incressed st both

the urban and sgriculturel slites. June densities et the agriculture!
site wore the highest messured, while the control end urben densities
were highest in November.

B8ssed on yeerly aversge densities, the control site wes 3,010, the agri-
cultural site was 6,383, and the urben site was 879.

Community structure ot thae contre! site wes Ephemeropters (38-48%)
Dipters (24-29%), snd Trichoptere (18-16%X). AL the sgriceulturs! .‘h.
dominance switched from Iintolerent Ephemerepters to tolersnt Oiptere
(61%). . At the urbsn slite, Dipters sad 0!lgocheets comprised 70% of
invertebrate fsuna.

Agricultursl runoff sppeare to heve less Impect on the equatic blote
then urben runoff. WMany lntolersnt groups are eliminsted st the sgri-
cuiturel site, but sre pertisily compensated for by en lncresse In
more pollution-tolerant species.

(continued)



Stete

N {con.)

Weterbody

Smith Creek
(Grenville County)

Devil's Cradie Cresk
(Frenklin County)

March Creek

(Wake County) -
(con.)

Nonpoln'. source

Lend uvse comperisons between
forested (control), sgricul-
tural, oand urben runoff site

EPA REGIW 4 (continuod)

lwoct. on -quﬂ.lc blctl

Source

Lend use Is clesrly » mejor factor influancing the dovolomﬁt of
the mecroinvertebrate community.

Fish

Colliections were mede by rot , electroshocking, snd eelining.

Both the contro) end sgricuiturs! sites had high species richness (19),
substantis!l numbers of geme flsh, snd 3 to 4 darter/sucker specles.
Siightly better weter quality was indiceted st the contro! site by
the presence of 2 rare species--the Esstern mudminnow (Umbre

pygmeea) and the Ceroline derter (Etheostome collis). The ogrlculturol
site fish community Indicated only minor environments! impects.

Fish were genersily larger st the agriculturs! site, probsbly bene-
fitting from the grester smounts of invertebrates snd periphyten.

The fish cosmunity st the urben site was charscterized by low species
richness, low standing crep, end the sbsence of sny senaltive species.

North Caroline
Olvision of
Environments!

Menggement,
1988

(cont {nued)



Stete

NC (con.)

Weterbody

Cullowhee Creek

Nonpoint source

Forestry sctivities
(sodiment)
Construction activities
(residentisl)
Agriculturs! ectivities
(fertilizer runoff from
pesstures)

EPA REGION 4 (continued)

Impacts on squatic biote

Source

9 riffie srees studied, Zone 1 (no lnorgenic or orgenic inputs,

Ione 2 (sedimentetion only), end Zone 3 (sedimentstion end nutrient
enrichment). Stresm insect populstions were monitored with s circuler
Hess sompler from Merch to Dctober 1978,

Zone 1
A totsl of 84 species; 12 Plecopters, 18 Trichopters, § Coleopters,
17 Ephemeropters, snd 10 Dipters.

lone 2
A tots! of 58 specles; 9 Plecepters, 12 Trichopters, 3 Colecpters,
12 Ephemeropters, snd 10 Dipters.

Zone 3

A totel of 30 specles; 8 Plecepters, 10 Trichopters, 2 Colespters,
18 Ephemeropters, snd 0 Dipters.

There wes » significent difference In number of specles between the
control) (lone 1) snd polluted lones 2 and 3, s well ss between lones
2 and 3.

Olversity, specles richness, density, snd biomess of 3 ordere
(Plecopters, Trichopters, snd Ephemeropters) were significently
grester in Zone 1.

The density end blomese of Dipters were significentiy grester in
lone 3, but no difference wee found in species richness of Dipters
batween the other 2 zones.

Turbidity, suspended toed, end bed lesd were found to heve signifl-
cant Infiuences on specles richness and diversity of the insect
community but not on density due te lerge numbers of chir ids

in zones receliving sedimentetien.

Meny of the insects collected In Zenes 2 ond I were found Lo have
® heosvy bulldup of Inorgenic perticles on thelr body surfeces and
respiratory structures.

Addition of nitrastes snd phosphates, In esvocletion with sedimenta-

tion, resulted In growth of the filementous becterium Spheerotilvs

natans on the insect’s body end respiratory surfeces, which eventuelly
thered the insect.

Lemly, 1982

(continyed)



State

NC (con.)

"Sendhill Cluster
Bones Fork

EPA REGION 4 (continued)

Waterbody

Nonpoint source
Agriculturat sctivities
(vediment)

Rochy Ford Brench

Belly Creek

Comparison of control, well-

(Richmond County) mensged, snd poorly mansged

Piedmont Cluster
Olin Creek
Buffalo Shesls
Littte Croek
(Iredeii County)

sgricultural sites

39% lees than thet st the centrel.

Impeacte on aqustic bilots Source

Macroinvertebrates were collected by *Kick® method. Lenst, 1984

Bones Fork (contrel) hed lower texs richness for Ephemeropters, but
higher taxs richness for Trichopters and Chironomidee than the 2
sgriculturel sites. Numerlic composition wes steble. A diverse
Dipters sssembinge (most!y Chironomidse) was 33% of density.
Plecopters did not decline in August ssmpie.

Rocky Ford Branch (well-mansged) wes numerics!ly domineted by
Ephemeropters (39%), but wes otherwise simifar to the control.

Numerlc composition was relatively stsble. Texe richness was comper-
sble to that at the control. Plecopters, the most pesticide-sensitive
group, declined to 1X of faune In August.

Belis Creek (poorly mensged) taxe richness for Trichopters, Odonsts,
snd Chironomidse wee consistently low. The texs richness value was

16% fess then that st Lhe contrel. Numericel composition wes the lesst
stable. Density wes dominsted by Plecopters In Jenusry, Ephemeroptere-
Diptera In Mey, and by Colecpters in August. A pesticide-tolerent
Coleopters (Steneimls sp.) wee tolersnt st this station. Plecopters,
the most pesticide-sensitive group, declined to 1X of foune in August.

0lin Creek (control) hed the highest taxs richness for Ephemeropters,
Dipters (Chironomlides), snd Trichopters. Density values st the control
site were stoble.

Buffelo Shosls (well-mensged) was charscterized by severe reductions
in texe richness fer pellution-intolersnt groups--Ephemeropters,
Plecopters, snd Coleoptera. Variations in density ware grester then
st the control site; considersblie veristion occurred between dates.
Trichopters incressed in spring snd summer semple. The texa richness
velue was 23X less then thet st the centrol site.

Littie Creek (pooriy mensged) was cherscterized by severe reductions
In taxe richness for pellution~intolerent groups--Ephemeropters,

Plecopters, Trichopters, end Coleopters. Veristions In density were
higher then at the other two stetions. The texe richness velue was

{continued)



EPA REGION 4 (continued) N . S

State Weterbody Nonpaint source Impacts on squetic biots Source
NC (con.) Mountsin Cluster Agriculturs! sctivities Lenat, 1984
Bea Tree Creek (sadiment)
Cane Creek Boe Tree Creek {(control) had » texs richness compershbie Lo thet et the
Avery Creek Comparison of control, well- weli-managed site (Cone Cresk). Ephemercpters, Dipters (Chironomidas),
(Buncombe County) mensged, snd pooriy mensged snd Trichopters predominsted. The densily velue wss most stable at

agriculturs! aites the contrel site.

Cona Cresk (weli-managed) site wss very simiisr In texs richness to the
control site; Lsns richress decllined only for Plecopters. The density
vefue was lesy stable than st the controf site.

Avery Creek (poorly mensged) site wes charscterized by s reduction in
texs richness for Ephemeropters, Plecopters, snd Trichliopters. Taxs
richness was reduced 6% as compared Lo that st the control site. Shifls
in dominance wers grestest st thie site.

Genera! trends over three clusters

Tote! snd sversge texs richness for well-mensged stream sites were
slways grester then st poorily mansged stresm sites.

Tane richness st well-mensged slites (Rich d srnd B wbe Counties)
encoeded thet ot the control site. The incresse was due to the cree-
tion of & steble sand community.

Aversge density wes higher st 4 of the 8 agricuiturs! sites as
compared to at the control site, but differed significentiy only for
Buncombe County. Development of stable ssnd communities during low
flow perlods con Influence density.

Stebility of benthic communitios differed significentiy at pooriy
managed sites s compared Lo st well-menaged end control sltes.

Intoferant texs declined st sii three poorly mansged sites but st
only one well-meansged site,

In all three ciusters, there were more unique species st the control
sites then st the sgricultural sites; s mesn of 32 tans sppesred ot
control sites versus 10-21 tesxs st sgricultursily stressed sites.
This difference was significent.

Plecopters, Ephemsropters, end Trichoplers were most severely sffected
by runoff,

Lerge tempora!l shifts in tenonomic composition (¥ sbundance)
occurrad st sgricuitursity stressed sites.

B T T o e R R e e e e e <o i o e A

(continued}



EPA REGION 4 (coantinued)

Stete | Waterbody Nonpoint source Impecte on equatic blote Sovrce
NC (con.) Nountain Cluster Agricuiturs! activities Stability of benthic cosmunity wes grester sl control siles. Lenst, 1984
Bee Tree Creek (sediment)
Cone Creek Yoxs favored by sgriculturs! runoff included collector-gstherers,
Avery Croek Comperison of control, well- scropers, and filter feeders.
(Buncombe County) sansged, and poorly mensged
i
(continued)

sgriculturaf sites



EPA REGIW l (conNnuod)

_State Wnt.rbod, Nonpoint source lmp.cb- on oquot)c bloto Source
NC (con.) Unidentified urban Urben runoff Macroinvertebrate semples were collected by the Kick net method. Lenst snd
streamy (smal) urban stresms) Esgleson, 1901
Tane Biotic
Richness . Denslty Index X _0/0°
Goldsboro 1b 69 788 2.9 [0 ]
2¢ 24 406 3.6 98
Greenville 1b 3 160 .6 os
2¢ 24 2 3.7 o8
Wilson 114 20 104 3.8 o1
2¢ [} 768 4.7 °9
Ounn 14 34 226 3.1 ce
2¢ 18 190 3.9 [ 2)
Breverd 1® s 110 - 2.3 22
2¢ 24 8 2.7 21
Asheboro 1V . )] ne 2.0 23
2¢ 20 192 3.0 20
< 23 2716 2.0 21
Morgenten 1 60 1,446 1.9 9
2. 35 113 3.3 [ 2]
Summery

The blelogice! community wss severely stressed st mast sites receliving
vrben runoff. Texe r!e{m-. st ol! downstream sites wee fow (8-26 texe),
sn sversge reductien of 46X refetive te the upstresm contrel!. Density
values show no clesr trend between the five city sites. Runoff sites

mey have densities higher or lower then the controt. Blotic Inden

values incressed %0.8 units at sil downetresm sites. The Pledmont

and mountain citles had generslly lewer biotic Inden ulm suggest!

fess savere woter quaiity probtliems. The grestest ‘oellm n texe richness
were sssocisted with reductions in the Trichopters and Dlpuro The

three Oligochsetes thet Incressed In numbers st ell downstresm stetions
were Limnodrilus heffmeisterl, L. ydekemionys end Neig sp. Pollution-
tolersnt species predominsted st the peofivted downstream urben sites.
Effects were most severe In the cesste! pisin stresms se compared to

the mountein streems or Pledmont stresms. Runoff effects were releted

to the size of the city for Piedmont snd mountein streems. The lerger

the city, the worse the o"och of runoff on the mecroinvertebraste community.

*x Ollgochuoh/bipt.r. (continved)
bControl upstresm site.
CDownstresm site.



Stlh

NC (con.)

ln '..r bod y

Speainhour Creek end .
Warrior Creek
(Coldwe!l Com\ty)

Nonpohn. source

: lﬂgh-uy construction
(sediment from cosd construc-
~ tion)
Spainhour Station S) (contrel)
Stations S2 snd $3 (impact)
Werrior Ststion Wi (control)
Stations W2 end W3 (impect)

EPA REGl(N 4 (continuod)

Inonct- on .qu-ﬂc blot- Source
Benthic invertebrate ssmples collected by "Kick®™ method showed @ Lenat, Penrose,
reduction in average density st Stetions S3 end W2 end W3; however, end Eegleson,
there was an unexpected Incresse In density at S2, » channetlized ares. 1981

Reinfall grester than 6 cm wes essocieted with reduced densities st
$2 snd S3 which were 80% snd 68X of the control S1 density. Reinfall
was o good predictor of density only st Station §3, the sres of
grestest sedimentation.

Benthic densities st Speinhour and Warrior Creek were high st sediment-
stressed sress only during low flow perlods becsuse of high periphyton
growths. Hebitat reduction Is of grester lmportence in predicting
species richness then habitet change.

Ephemaropters Incressed at sediment-impscted stetlions (S2, $3, end W3).
This lIncresse coincided with fow rainfall and development of stable
sond community. Ephemerelly cetewbs, % etls sp., ond Pseydogcloen sp.
were responsible for the increased density.

Resction of benthic ity ls dependent on stabliity of habitat
(ssnd substretes) which depends en flow. ODuring high flow periods, send
substrate becomes en unsulteble heblitet for ait benthic species s »
result of reduced aveilsbie hebitat aree.

(continued)



Stete

NC (con.)

" Weterbody

. Neuse River

Nonpoint source

Aquculturnl sctivities
(fertilizer rynoff, sediment
erosion, feedlot runoff, and
urban runotf)

EPA REGI(N 4 (conhnuod)

lwoctt on squatic bloto Source

From both nutritive (inorgsnic N snd P) and productivity perspec- Peerl, 1087
Lives, the Lower Neuse River exhibits both eutrophic snd hypereu-

trophic cheracteristics, reising concern with respect to poor weter

quslity conditions often sccompanying such "edvenced” states. Over-

sll, trophic ststes reves! distinct sessons! ss welil es yesr-to-yeer

varistion. As is common smong temperste river snd lske ecosystems,

white embient nutrient levels may remein extremely high sil yesr,

primery productivity end resultant phytopfenkton blomess eccumuls-

tions (including blooms) cen very dremeticelly on s sessons! basis.

Surfece primery productivity r.h renge from » wintertime ond early

[ th which by blotogicel stenderds
.’r 2' o:t. .T‘;o\.r::b‘t conthlonl) éo r:uo’ln .-:2...0'.3:3 :;

‘m ° r r hl hyper
Erophi.c' con :.’::-;’HQR :“r:mn:ou:’::':v;o(ntl::” t:ov!rno:“ by
physical fectors such s light (PAR) sveilebility, utlont temperas-
ture and, perheps most Ilmportantly, discharge end resuitent flushing
retes of this river. A good enanmpie of flushing rates dicteting
production rates can be seen during sizesble lote spring and esrly
summer rainfeall snd high runoff events. Such events Inverlsbly
enhance dischsrge and residence time of phytoplenkton cosmunities.
The shorter the residence time, the less opportunity exlsts for
phytoplankten cosmunities to develop spprecisbie biomess, since the
Inherent cel! doubling retes sre eclipsed by short water residence
times. As & resuit, blomss velopment s curtalied, and reletively
fow phytoplankton cells sre responsible fer observed primery produc-
tivity rotes ss well ae chiorophyll g centent. Oremetic "dilutien®
impacts on these peremeters wers ebserved during reiny epring end
mid-summar months In 1001 (primery productivity in laste Auguvet wes

os low o0 & mg C% °h '}, 1982 (primery preductivity In mid te lute
July was 5-8 mg (®m °h ), l”‘ (which had & very wet summer In

which h f & 1]
Auoﬁotr [ b‘i (-'uon-!rsp eal -ux':ci fl:.::«" ::Mu§:|vlty

to less then 26 mg (% " )

In contrast, durln? dry spring ond summer perleds of low discharge
ond long water residence time, phytoplankton productivity snd biomese
con ropidly develop, since during these perlods nutrient supplles
sppesr plentifyl, h-ponturo ond light conditions are nesr optimel,
ond long resid imes ® that cell division retes compensete
for flushing (dllutloﬂ) In these porleds, phytoplsnkten cell divi-
sion seeningly preliferstes In en wncontrollieble feshlon, balng
limited only by nutrient avellsbliity snd/or interalittent flushing
events. Such conditions uitimetely lesd Lo the development and
dominance by bliue green alge! nulsence specles, which menifest
themselves os surfece blooms (scums) optimizing werm, stagnant,
nutrient and PAR rich conditions while competitively sheding sub-

(continued)



State

NC (con.)

EPA REGION 4 (continued)

B '.torbody ) Nonpolnt source . lnp.c'.u on oqa-tlc Hot. Source
Neuse River ) Agriculture! sctivities surfece nonbuoysnt and often more desirable chlorophycesn end Peeri, 1987
(fertifizer runoff, sediment distom species. There is littie doubt thet lengthy residence
erosion, feedlot runclf, snd times fevor bloom development, since the mejor texs responsible for
urben runoff) such blooms (M. seruglinose, Ansbaene spp., Aphenijomencn flos squae)

exhibit growth rates and doubling times (even during optimel growth
conditions) that sre stower than more desirsble eukeryotes. A
longthy residence therefore "buys time” for these bive-green sigee
to develop; once development has taken place, the mesintenence of
warm, nutrient end redisnt energy-rich conditions, stl of which sre
offectively exploited by these surfece-dwellers, represents insur-
snce for bloom proliferstion snd meintensnce. When examined in
concert, tha physicel, chemicesl! end biotic dete presented for 1903
typify optime!l nutritive and physice! conditions, s well as the
proper sequence in which such conditions must occur, needed for
messive nulssnce bloom development.

No single festure, such ss nutrient stetus, tempersture, discherge
(and resuitent flushing), cen by itseif dictste whether er not
nuisence blooms will eccur in any given year. Whereas it is well-
known, from hydrocorrsl dete end field ebservetion, thet blooms
develop only during persistent low discharge, leng residence, stag-
nent conditions, these cenditions were prevelent during at least

3 years (1993, 1986, 1988). Such smenable physicet conditions were
most extreme snd persistent In 1965 snd 1988. Despite such seemingly
Ideal bloom conditions, nuissnce biue-green .lfol bliomess develop-
ment wes lower in these yeers then virtually ell other yesrs exemined
botweon 1981-1988. Clesrly, these ocbservetions peint te both esddi-
tions! reguletory conditions, including synergistic intersctions of
fow dischasrge snd long retention times with nutritive factors »s
playing critics) roles in bloom development.

Bath the megnitudes and timing of iste winter - esrly spring nutrient,
and specificelly nitrogen, losding play crucis! roles in ‘lctntlng
whether or not nulissnce bleems 'l?l monifest th fves in

mid to lete summer months., Nutrient edéitien end dilution blonny.
strengly supported the fect thet excessive (with respect to phyto-
plonkton nutrient requirements) nutrient loeding exiets in yesrs
festuring high spring runoff end discherge. These seme esssys showed
that, while enhanced nutrient losding might periodicsily expose phyto-
plenkton to excesslive nutrleat cencentrastions, phytoplankton nutrient
vptake in periods lemedistety followlng runoff events effectively
ushers in periods of nitrogen-limited growth. To some extent, the
smount of nutrient overlosding thet occure durlng spring months
dictates how long it will take for nitrogen limitstion to set in

once discharge has receded. It has been estimeted thet weter resi-
donco tlm- in t.l\o lower Nou-o River do-nﬂ.rom of Kinston cen vary

(cont Inyed)




Stete

N (cqn.)'

Waterbody

Neuse River

Nonpoint source

k’fleulturol activities
(fertitizer runoff, sediment
erosion, feedlot runoff, end
urbesn runoff)

EPA REGION 4 (continued)

Impects on squatic biota

Source

from less then 1 week (during storm-runoff events) to »2 much ss
3-4 monthe (Peerl 1983; Christion ot oi. 19868) (during drought-
stricken periods). Such highly chengesble hydrologice! conditions
sre by snd large rasponsible for s grest des! of fluctustion in
physicel, nutritive, snd blologice! charscteristics. Furthermore,
rapid chenges in physice! and chemics! conditions, such ss the
onset of s relstively dry period following messive discharge end
nutrient loading events, cen lead to conditions where excesdingly
high nutrient losds remein In the system long encugh to overlap
with proper physical conditiens for bloom development. This
sppesrs te have been the case In 1083, when within » 1-1/2 month
period (esrly Aprili-Mid June), record-high NO3~ losding over-
tepped with sudden decresses in discharge, leaving & sizesble
NO3~ ®pulse® residing in the fower Neuse River st this time.
During this seme period, M. servginose developed ms @ dominant
phytoplenkter; this biomess development ultimetely prolifersted
itse!! as surfoce bloome ss the river further stegnated during
July-September.

Collactively, nutrient loading and biosssey results strongly
implicete Inorgenic nitrogen evellabillity ss & key regulstory
fector in M, seryginose bloom developmant; both nutrient sddition
ond difution bioasseys indiceted thet Inorgenic nitrogen wes
consistently the most limiting phytoplsnkton nutrient. Therefere,
constreinte on ite (nput would be the most effective step in
reversing both genersl trends in eutrophicstion se well o9 bloom
development of this orgenism. In the previous parsgraphs, evidence
was presented polnting to the strony |inkege between excessive
spring tosding of Inorgenic nitrogen end subsequent nui

blooms, particuleriy during hot snd persistently dry summer
months. TVTeking into considerstion sdditions! evidence thet in
some bloom yesrs (specificelty 1983), excesslive lnorgenic nitrogen
fosding took plece during epring end esrly summer monthe, end
thet M. seryginoss is capeble of optimizing ite growth under
these conditions, It would seem sppropriste to restrict Inor-
genic nitrogen losding during such months »s well ss subsequent
sunmer and foll months. Dilutien bicesseys revesied thet, during
high dlscharge periods In the spring of 19083, inergenic nitrogen
oveilabllity exceeded phytoplenkton demands by approximetely 30X,
In subsequent nonbloom yesrs, excess svellsbllity renged from

® to sppronimetely 20%. Accordingly, it is recommended thet o
besin-wide offort simed at reducing spring (snd sumwer) inorgsnie
nitrogen losding by st lesst 30X (of sversge yesr!y loeding
velues) be considered for effective control! of M. seruginpse
blooms. Such reductions occurred through nature! mesns in 1966
ond 1986, largely due to very dry spring months, leeding to

Poert, 19087

{cont}nued)
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'k (con.)

§- PR

'-Lorbody Nonpolnt source
Neuse River = Agrlcultunl sctivities
(fertilizer runoff, sediment
erosion, feedlot runoff, and
urben runoff)

EPA QEGIW 4 (conl.onu.d)

Source

lnp-ct. on -quo'.lc biote

decressed nonpoint source losding. The results of these decresses

in spring inorgenic nitrogen losding were avident In the phytoplank-
ton communities which developed and dominsted ensuing summer months;
M. serugingss wes virtusily sbsent from such communities in both
yoars, despite the fact that physicel (flow, tempersture, irradisnce)
conditions were very favorsble for bloom development. Additionsi
evidence for the linkege of reinfall-medisted nutrient loading to

M. serugingse bloom development ceme during the writing of this
report, when, following & bresk in the drought of 1988, spprecisble
reinfoll arrived in the Neuse River Besin In September. These rein-
fall ovents were substentist enough to enhance both discherge (flow)
snd nutrient (especiel!ly NO3™) losding significentiy. River dis-
charge snd flow conditions returned to typice! suswer levels by early
October. As flow rates decressed, M. seruginess blooms developed nesr
Yanceboro snd New Bern by -ld-o:tobor. These blooms persisted for at
losst 2 weeks unti! edditional reinfall in tete October flushed the
bloom populstions out of the lower Neuse River. Subsequent decresses
in river weter tempersture by November negated further bloom ectivity.

Thus, even though the entire summer of 1008 exhibited flow conditions
fovorable for M. seryainoss bloom development, It wesn't until appre-
clable reinfail led by enh d nutrient losding, thet such
blooms finelly b.gon to sppesr, Fortunstely, fevorsble bioom condi-
tions occurred lete encugh in the fall to avold nulsence conditions.

Peerl, 1987

(continued)
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EPA REGIW & (cnnunuod)

Stete . Wsterbody Nonpoint source lvnpuct- on nquﬂ.lc blott Source
NC (con.) Con Croek Agricultursl sctivities Penrose snd
(Henderson County) (pesticide runoff from mpple Lenst, 1962
orcherds)
Station 1} Ephemercpters (87%), 11 species; Pleccpters (2X), 1 specles;
{upstresm control) Trichopters (8%X), 3 species; Dipters (8%), 8 species; Coleocplers (B¥),

? species. Severs! pollution-sensitive tens were found oniy et the
control aite: meyflies (Epsoruy sp., Beetie Lriceudetus), stonefly
(Pteronsrcys sp.), end ceddisflias (Dlg trons modests, Rhyscophils

sp.). Taxs richness wes highest; density was usueily highest.

Station 2 Ephemeropters (66X), 16 spacies; Plecopters (8X), Trichopters (X},
{receiving some spple orchard 3 specien; Dipters (4%), 2 specles; Coleopters (%), 2 species. Texe
runoff) richness wes somewhst reduced from control velue. Species density

sxceaded contro! in April-May 1977 pericd, bul wes less then control
during Vay 1977-Merch 1078, Stetion wes periodicelly stressed.

Station 3 Ephemerepters (46X), @ specles; Plecopters (#X); Trichopters (13%),
* (recaiving primerily spple 1 species; Diptere (2X), 2 speclies; Coleopters (13%), 2 species.
erchard runof!)} Tolersnt species included meyfly (ggbmr-“. catawbs), bestle

., snd fllies

Toxe richness wes severely reduced from control vefues; density wes
grostly reduced snd was especinlly low from September 1977 to Jonvary
1978, The deciine was poesibly tinked Lo slevated endrin concentre-
tians found In sediment from Jenvery te Merch 1978. Ststion exhibited
chroulc ltrotl.




EPA RECION 4 (continued)

Stste Waterbody Nonpoint source Impscts on squestic biots Source
™ Lynn Branch Mining ectivities Fish Cox ot al.,
' Long Brench (strip-mining runoff) 1979

Crooked Creek Fish were collected by electroshocking techniques coupled with block

(mile 18.8) nets. Stresms were dominated by the creek chub (Semotilys

(control sites) stromecufatus). This species wes found st every station; however, its
sbundence was severely restricted st sites impscted by siltetion. Other

Crooked Creek species present included the fathead minnow (Pimepheles promeles) and

(eile 18.7) the blscknose dece (Rhinlichthys atratulus).

Unnamed tributary of
Crooked Creek
Crooked Creek

(mile 15.9)
(scid-mined sites)

(Fentress County) Fish assemblisges in the streams differ, snd these differences seem to be
relsted to strip-mine Inputs into the basin.

Mecroinvertebrates

Mecrolinvertebretes were collected by 1-1t2 Surber ssmpiers. Mscroben-
thic biomess veried littie smong the various sites, with the exception of
the wine-impacted site on Crooked Creek (ot mile 18.7). The lerge varis-
tion in biomass et this stetion probsbly resuited from » shifting,
unstable, aroding substrate. Another mine-impected site (Crooked Creek,
mile 16.9) exhibited the lowest mesn quentity of insect biomass.

Per iphyton

Periphyton was collected on gless slides st all stetions. The Crooked
Creek control station contsined the highest aligs! biomass primerily
becouse there wes less erosion st the control sites. These sites hsd
less erosion beceuse there was less suspended metter to scour sway the
slge) communities snd becsuse the forest cenopy wes more open, sllowing
grester incident redistion. The mine-impucted sites conteined the lowest

alge! biomess.
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EPA REGION &

Stete Waterbody Nonpoint source Impacts on aquatic biote Source
) { A Fox River Urben runoff and sewsge Significently higher concentretions of cadmium snd lead wers found st Anderson and
Three sites; trestment fecility dischsrge the Elgin site in eigse snd benthic insects. Brower, 1978
1. At Eigin belon o (hesvy metals)
smell flood control Cadmium snd lesd occurresd st concentrations in crayfish Orconectes
dom with combined vicllis essocisted with environmental input concentrations.
industriel, sevage,
snd storm-water Copper and zinc were trace metsis thet were regulsted by creyfish
offluents. irrespective of environments! concentrstion,
2. A pond located -
downstresm of Efgin Gilis and viscers conteined the highest concentretion of codmium,
on o mid-chsnnel copper, snd zinc.

islend (weter from
ground seepage and

floading of river). The exoskeleton contained the highest concentration of fesd.

3. At Algonquin no
significent indus- Muscle concentrations of the heavy metals were genersily lower then
trial or sewage other tissues.

discherge)
Croyfish are good blemonitoring ergenisme to sssess cedwmium snd lead

pollution.

(cont inved)



'l SQ-..'..
(con.)

- e U N Y

'ﬂ.orbody . Nonpolnt source

Fox River st Algouquln Urban runoff
' (control) and ' ¢ (hesvy motels)

Elgin (runoff site)

EPA REOI(N S (con'.muod)

lwsct. on .qun.lc Hot- Sourco
Blote were unolyl.d for hesvy metals. Detritus end siges were Andereon,
collected in greb ssmples. Wecrolnvertebrastes were collected by Vinikour, snd
Surber net. Brower, 1978

The 4 metels studied fel! into two categories; copper and zinc
are essential elements snd components of metello-enzymes; cedmium
snd lesd are blotogicelly non-essentiel and cen be highly texic.

There were no significant differences in copper eor zinc concen-
trations between species thet were present st both sites.

Within sites only the crustaceans end domes!fly nymph (Argls)
hove significentiy grester copper concentrations compsred to
other blots.

In Crustaces, the creyfish Qrmo;hg copper In the porphyrin
ring of hemocyanin mey t for high tretions.

Significantly different petterns of codmium and zinc concentration
were found within and between sites.

Lesd and codmium concentretions were generslly higher ot Elgin
for species common to both sites.

The meyfiy nymph, Hexsgenie, end chirenomid tervee collected
sround & smelt boat leunch remp st Atgonquin hed alignificently
higher lasd concentrations than other invertebretes st the seme
site. Juvenile blsck bulihesds collected st the bost remp site
sleo !'\nd higher lesd concentrations than other fish species st
the site.

There wes » graded decresse iIn cedmium snd lesd body burdens from
herbivores to higher trophic tevels.

Leed ond codmlium mey sccumuiate to o greeter degree in orgeniome
where environmenta! concentretions sre higher, but were not found
to dowaonttnu trophic ngnl”cothm.

(continued)



EPA REGION & (continued)

State . 'lurbod;'v Nonpoint source Impacts on aqustic biots Source

IL (con.) Iitinois River Agricuitural sctivities 140 spacies from 27 fish femllies were collected. Kere, Toth, and
(croplend, pesture, snd some Richest texs were: Dudiey, 190§
woodlend, and some sewsge Cyprinidese (41 species)
diversion from Chicego since Percidse (18 specles)

1909) Colostomidee (10 species)
Ceontrarchidse (14 species)

Water diversion from Luke Michigsn hes hed the grestest offect on fish
speciss. In 1008, 18% of fresheuster commercisl flsh catch wes from
the Illinois River; in 1900 there is virtueliy no fishery.

8% of species declining (8 species)

81%X of species locally extinct or present In isoleted refuges (82

specles)

23% of species stable (31 specles)

6% of specles Incressing In number or geogrephic renge (7 species)

BX of specles Introduced (7 specles)

Largest decline in fish populations (73X) occurred in midriver reaches,
followad by a 60% deciine In fish species in both headwster and large
river reeches.

Insectivores, herbivores, cernivores, snd plankivores showed more
species decressing Lthen Incressing. Omniveres had simiier percentsges
of species declining end increesing.

Hobitet degradetion hed the grestest impsct on fish populstions,

NMeumese River Agriculturel sctivities 98 species of fleh were collected.
(98% of river besin sgricul- Richest texs were:
tura! and 2 sme!l urben eress Cyprinidee (28 species);
of Toledo end Fort Wayne) Percldee (16 specles);
Cotostomidee (13 lpoe‘o-);
Contrachides (12 specles);

Specles composition hes changed significentiy since 1860. Dreinege
of the Blsck Sesmp caused the doclr‘m of many commerclalty velusble
species (muskellunge (Esex mesayinogy], nort{-rn pike [Evox lucivs)
Iske sturgeon [Aclpenser fylvescens], wellaye [Stizostedoin !L&Lmd.
smel imouth bess [Micropterus dolomieui)) end Incresse in lese
valusble species (gquillback carp sucker (Carpicdes cyprinue), glzzerd
shad [Dorgsoms cepedisaum], freshwater drum [Aplodinetus grunniens],
buffale (Icticbus sp.]), end carp (Cyprinvs cerpio}).

(cont inved)



€PA REGION & (contmuod)

State Waterbody Nonpoint source Iup-ct! on .qu-tlc bloto ] Source
IL (con.) Vaumee River Agriculture! sctivities 17% of species declining (17 speciles) Kerr, Toth, and
(90% of river besin sgricul- 27% of species locatly extinct or present in isclated refuges Dudley, 1905
turel! snd 2 smal! urban sreass (27 species)
of Toledo snd Fort Wayne) 36X of species stable (34 species)

18% of species incressing In numbers or geogrsphic range (18 specles)
11X of species introduced (11 specles)

Hesdwater stresme heve suffered grestest decliines in fish popuistions
(60% of 20 species), followed by midriver sress (44% of 64 species),
snd lastly by large river sress (only 31% of 16 species).

Insectivores, herbiverss, and top cernivores dec!ined (40-60%).
Pleankivores showed 100X Incresse snd omnivores Increesed in medium-
sited rivers. Feuna shifted most in medium-slized rivers.




Stete

N

Weterbody

Esgle Creek

(Hami {ton, Boone,

Hendricks, end

Marion Counties)

Stotts Creek

(Morgen end Johnson

Coynties)

Rettiesnske Creek

(Owen County).

Nonpoint sovrce
Agriculturs! sctivities
(comperison of lend use
impascts on three wstersheds)

'ollowing tho docllm in CMrcnonH-c

EPA REGION 6 (continued)

lwlctl on uquﬂ.vc b:ot.

Source

From 1978 through 1980 {lsh end mecroinvertebrate communities were exsm- GCowwon ot »l.

ined from three watersheds renging from predominetely forested (Rettle-
snske Creek) to progressively more hesvily agricultursl (Stotte Creek
[66% croplend; 36% forest) snd Eagle Creek (78X croplend; 14% forest]).

In sddition to biotic communitlies, riparien vegetstions! petterns,
streem morphology, snd habitst were exsmined. These lnv.sﬂguﬂona
were coordinsted with concomitent studies on lsnd use and soil loss
simulation studies.

Fish surveys

Fish popuistions st 14 sites were sempled tuice esch summer with on
eloctric seine. Estimates of stending crop, obtsined by the Delury
mothod, snd several community perseesters were exsmined in relation to
the intensity of agricultural development.

Standing crop estimetes of fish were not, in themselives, of grest
valuve in evalusting chronic sgriculture! effects. Oepressions in
stending crop occurred in response to sporedic Influences by enime!
foad lote snd siso to ® chronlc problem downstream from s chemicel
recycling plant snd lsndtill,

Stending crop snd the proportion of piscivores (centrarchids) and
insectivores sppesr to best Indicete the entent to which susteined
sgriculture sffects the fish community. Modersts sgriculture per-
mits an expansion of the stending crop while melintalning good popu-
tetions of sunfish, creppie, snd bess. Hesvy sgricuiture witi-
metely ceuses grest declines in centrerchids end cetostomids, and en
expsnsion of omniveres, detritiveres, end herbivores, first in
emaller strasme and then progressing downstreem.

A stetlistically eignificant negstive relationship wes found between
percent croplend In watersheds snd percent piscivores end insecti-
vores (X P+I) in the tlsh communitios. The smount of croplend In sub-
wstersheds sccounted for 61% of the varistion in % Pel In Esgle Creek
and 81N in Stotts Creek. Ststisticelly signficent nepetive reletion-
ships sise occurred between percent croplend snd mesn depth and between
percent croplend end insect diversity.

Macroinvertebrate studles
Three Surber ssmpies of mecreinvertebrates were collected monthly from
Msy through October. Blomess was not » relisble Indicetor of environ-
mental conditions, but diversity based vpon density of insect femilies
wes useful.

The best collecting stetions generelly ylelded from 160 §o 20 insect
fomilion. Chironomids were major components of sll locetions during
May snd June, but declined in Importance in July snd August In the
®good® sites while remeining sbundent in the "poor®™ sites. Trichop-
tere, especislly Nydro”ych dee, beceme the dowminant insect proup

1983

(continued)
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IN (con.)

e e e e

. Waterbody

Nonpoint source
Esgle Creek Agriculturs! sctivities
(Hemi iton, Boone, (comperison of land use

Hendricks, end Merion impacts of thres wetersheds)
Countias)

Scotts Creek
(Morgan and Johnson
Counties)

Rettiesnake Creek
(Owen County)

(14

A REGION 6 (continued)

Impects on squatic biote )

Source

Point-source disturbences sliterad the tsxonomic composition by elimi-
nsting or severly reducing ususily uncommon femilies and the oversl!)
diversity, while incressing numbers of Chironomidee, Oligochsets, end
Nemstods. Hesvy sgriculture led to s depression In density of non-
chironomid insects.

Recovery from » single event wes repid, while chronic depressions in
the macroinvertebrete communlity occurred in eress of high agricultural
utilizetion.

The presence of s vegetetive buffer between sgriculturs! flelds,
lncluding grazed pesstures, residentis! sress, or mesdows snd o stream
Is very important to the stresm ecosystem. The smeller the stream the
more important is this buffer strip.

Geaswnon ot ol .,
1083




EPA REGION 6 (continued)

State Waterbody Nonpolnt source Impscts on squatic biote Source
1)} Saline River Agricultursi sctivities This study was conducted for 1 yesr from July 1972 to July 1973. Elisele ond
(Reisin River Basin) (pesticide offects of methouy- Mertung, 1978
chlor @.2-ppb trestments to Riffle invertebrates were allowed to colonize ertificial substretes
control Simuliidee torvee) for 38 days. 2 control and 2 trested stations were exsmined.

Chenges In speclies diversity were comparsble Lo individusl popule-
tion changes. After dosing, diversity decressed becsuse of reduced
species r?:lmcol snd reduced populetion densities. Bsetis

s, B. leviteny, Perlests plecide, Allocepnis sp.,
Jsoperis sp., snd Hyslells sztecs popuistions were temporerily
reduced. Hyslells sztecs wes not observed in dosed riffles for @
months of the 12-month pesticide dosing perlod.

Populstions of Hydropsyche sparng snd Cheumstopsyche sp. were initielly
reduced but recovered repldly. Density of most invertebrastes returned
to predosing fevels within 38 deys.

Bottom invertebrste collections exhibited less variablility in species
diversity then artificisl plote ssmplers.

The \:{ rosp (»s od by species diversity) indicated
thet the methoxychlor dosing resuited in no substantial chenge In
diversity,




Stale

MW (con.)

Walerbody Noupuint seurce
North Branch Creek Agriculturel activities
Btwckhool River (organic materisl)

Coribou River

(ol) of the pristine
sites studied were
foceted in deciduous
forests) )

FPA REGIHIN 6 (ronbLinyed)

Impects on squelic biovls Yowi ce
North Branch Creek, in sddition to having the highest elkalinity Krvegar end
and nitretes, hed the highest flne-perticle proportion in the Waters, 1983

substirate, » quelity probably relsted to its slower current velocity.
Since, of the three streams, North Brench Creek wes the only stresm
nesr sny sgriculitursl sres, it Is possible thet sgricultural orgenic
input, sccumuleted in the fine sediments, was en importent factor in
the higher benthic productien.

Totsl Fish standing stocks sppesred to have » positive sssocistion
with both Invertebreste herblvore-detritivore snd cornivere produc~
tion. Caribou rlver, which had the lowest invertebrate production
for both trophic levels, siso hed the lowest fish standing stock.
Slmllarly, the Blackhoof River wes Intsrmediste ond North Branch
Croek was highest for these estimestes. Since most of the fish
species in these stresms utilize benthos for faod, it is not an
unexpected result thet the production by the lewer trophic fevel
(Invertebrates) wes positively sssocieted with standing stock of &
higher trephic lovel (fish). The results of the present study
emphasize the role of lnvertebrate food production In determining
fish blomess; the meximum sttainsble fish standing stock is
probably set by Invertebrste production but wey be regulsted st
some fower level! by ether factors such es spsce.

{continued)



EPA REGION B (continued)

Staste Weterbody Nonpoint source lmpacts on agquatic biots Source
[" 1] North Branch 'Croolu Agriculturs! activities Annus | production of mecroinvertebrastes in three Hinnesots streem Krueger ond
{orgenic materisl) of different water quelity was determined using modified Surber Weters, 19893
Btackhoo! River ssmpler. Standing fish stocks were assessed by eslectrofishing.
Coribou River Annus| production of herbivore-detritivore mecrobenthos wes lowest
(atl of the pristine In the Ceribou River (wet mess: 27.8 g/m?), intermediste in the
sites studied ‘ware Bleckhoof River (38.9 p/m2), snd highest in North Branch Creek
loceted in deciduous (119.6 g/mZ). Annusl production by invertebraste carnivores wes
forests) 6.5, 6.5, 12.8 g/mZ in Caribeu River, Bisckhoof River, snd North

Brench Creek, respectively, following the sems pettern ss herbivere-
detritivores.

In the Corlbeuw River, OIi sote snd Stengneme viceriym (Ephemerop-
ters) wore the most significant contributors te benthie preduction,
Tlguls (Dipters) dominsted the shreddar production estimetes, while
Hydropsyche (Trichopters) end Simulilides comprised the mejority of
the collector-fiiterer production. Ephemeropters snd Oligochaets
sccounted for 68X of the snnual production from the collector-
gotharer/deposit-tesder group. MHirudines, Odonates, end Polycentropuys
(Trichopters) comprised 96X of the cernlvore estimets.

In the Blackhoo! River, Hydropsyche (Trichopters) wss the most
significent contributor to mecroinvertebrate snnus! production.
Tipule ond Prostole simills (Plecopters) sccounted for 83X of the
shredder production estimete. Hydropsyche (Trichopters) end
Slmuliidese comprised the mejerity of the cellecter-fiiterer produc-
tion, Much of the preduction In the col lecter-gatherer/deposit-
feeder group wes by Ephemerepters nymphs (notebly Baetis).

ides ellivecous (Plecepters) and Atherin (Dipters) constituted

Isogenoi
74% of the ceraivore production,

In North Bronch Creek, Chironomidee snd Oligochsets were the most
significent contributors te benthic production. Tipulldee comprised
78X of the shredder snnusl preduction, while Hydrepsyche end
Qrychycentrys (Trichopters) censtituted the mejority of the collector-
filterer production. Ephemeroplers end Diplers sccounted for 74X of
the snnusl production for the cellector-getherer/deposit-feeder grovp.
The fr.ﬂ.or pert of the cernlvere production wes by Tabanidee end
Sletis dreisbachl (Megaiopters).

In the present study there were observebie differences In sutetrophy
smong study sites. In North Brench Creek, plent growths ef Renuncylys
ond sigee were sbundent, vheress similer sutotrophs were not observed
in the other stresme. Contributions of avch Inputs to lnvertebrate
production mey be direct through snimels such ss scrapers (screper
snnue! preduction wes highest in Nerth Branch Creek), or Indlirect
through detritsl pathways. As s result, energy imputs from suboch-
thonous gources mey have provided en sdditions! wnergy sovrce for
invertebrates in North Brench Creek. Plent sbundence In North Branch
Creek msy have been relsted to the higher nitrete tevels observed in
the stresm (Hynes 1970) snd mey have contributed to the sssoclistion
between invertebrate production and nitrete.

(continued)



Stste

MN (con.)

Waterbody

Cottonwood River
(Lyon County)
naturs! stream

Highester Creek
(Cottonwood County)
neturs! stresm

Fort Ridgely Creeck
(Nicoliot and Renvilie
Counties) modified
stream

Remsey Creek
(Redwood County)
modifisd stresm

Nonpoint _source

A'rlcultur.l activities

(essess downstresm effects
of chennelizstion and sgricul-
tural drainege development)

EPA REG[(N [3 (contlnuod)

lw-cn on .qunuc biote

Source
Mecroinvertebrate semples were coffected with » Surber sempler. Mersh and
Waters, 1900

Ten parcent of all comperisons ef benthic invertabrate populstions
indicated a difference between nsture! end modified stresm pairs,

ond individus! naturet snd modified streems differed in loss then
20% of their comparisons. The two modified stresms, Fort Ridgely

and Remsey, were different in 4% of the comperisons snd the nstural
stresms, Highweter snd Cottonwood, differed in sdbout 208. These
results reflect the inherent variebility in ssmples from swsl! streem
ecopystems while st the same time enmphesizing the .lnllorlty between
the two pairs.

Over the 21-month study perlod, mesen sbund [ ] . ond drife
of tots! insects snd totel boaﬂun were -I-llnr in oll stresms, ond
monthly of th h d fow -lm"lcmt differences
batwean nsture! snd modifiled pllr.. The »b . bl , and
drift of tots! moninsect invertebrates, sbund snd b of
two predominant insect erders (Trlcmur- ond Coleopters), end
drift of Plecopters veried significently smong stresme. With the
axception of noninsect snd plecopteren drift, sl! meesures were
grester in natursl then In modified stresms, slithough differences
between stresms within esch type siso occurred. The sbundence of
diptersa insects, which sccounted for 40-60% of 31! founes, ws
similar smong ail stresme.

Provicusly published studies previde s sufficient basie to conclude

that If agricuiturs! drainege development hed resulited in levels of
siltation and turbidity which would be mejer impects en benthic
orgeniome, the twe modified stresms investigeted wouid have hed
depsuperste invertebrate sssembleges se compared with the neturel

streams. Reductions in fauns should be especislily spparent for texe

thet are intolersnt of such conditions: Pseudoclioson sp. Nydr"-ychnl':u,

present resuits indicate clesriy thet this wes not the case.

In genersl terms, the benthic invertebrete faunas of the four study
stresms were simileor. Over the entire study porlod and with few
enceptions on » monthly besis, icel ob [ 3] ., ond
drift rates were similar. Species diversity es rq’romw by the
number of taxs sncountered and the diatribution sbundence smong them
wes simiter for ol) streeme (Mighweter 3.83, Cottonwood 3.85, Fort
Ridgely 4.99, Remsey 4.00). Becsuse siit snd turbldity were simiter
in 8!l stresms, these did not sppesr to be causal factors differen-
tislfy affecting the benthos in the twe modified etresme as compared
with the neturs! stresms. In fact, the simiter turbldity levels
found in sll stresms probebly sccounted for the similsrity In benthos
snd drift smong el stresms.

(continued)



€EPA RECION & (continued)

State Wsterbody Nonpoint source Impacts on aquetic biotse Source
WN (con.) Cottonwood River Agricultural sctivities While the 4 study streams were generally similar, there were a number Mersh snd
(Lyon County) (essess downstresm of fects of of stetistically significant differences betwaen nstursl snd modified Weters, 19688
netural stresm chonnelizstion and sgricul- stream pairs. However, these differences were primerily o result of
tural drainsge development) invertebrate numbers, biomass, or drift rates baing enceptional in
Highwater Creek one stream compsred with the other three. Also, in most instences in
{Cottonwood County) which differences were found betwesen nsturs! and modified stresm poirs,
naturei stream there were also differences within pairs.
Fort Ridgely Creek The & significent differences In total drift rete (Allocapnia sp.,
{Nico)let snd Renville Stenonema sp., Tipuls sp., Hyalells srtecs, snd Physe gyrine) showed
Counties) modified that in each instance rates were grester in modified then natursi
stresm stresms .
Ramsey Creek Downstresm resches of modified stresme did not experience different
{Redwood County) regimes of silit and turbldity losding compered with the naturel
modified stresm stresms. Differences in benthic invertebrate feunss between stresms

were primerily stiributsble to locel differences in substrate end
other site-specific foctors rether than sgricultural activities.




State

Wl (con.)

Nemahbin Lake

Waterbody

(Jeffarson County)

Nonpaint source
Construction activities
(highway runoff from Inter-
state 1-94)

EPA RECION 5§ (continued)

Impacts on aquatic biots Source

A fleld study was conducted at the 1-94 site in Wisconsin. Lower Oupuis et ol.,
Nemehbin Lake is » relstively smell (271 acre (110 hs)) lake of glecisl 1986

origin located in & wetershed whose predominent lend uses were undevel-

oped and low-density residentisl. A major interstete highwey (I-94)

passes directly over the northern partion of the lshe. The highway

dasign is primerily flush-shouider, grassy-ditch dreinsge throughout

the right of way (ROW) within the direct tributary ares of the leke's

watershed. There is a 8.26-mi (8.40-km) curbed bridge deck with direct

to lake scupper drein stormwster discherges. Treffic volums ot the site

was moderate (15,808 vehiclies per day). ’

Pollutent loads from sources other than highwey runoff were predominent.
The ROW accounted for sbout 3 percent of the direct tirbutary drainage
srea, and from 0.92 to § percent (depending on the pollutant) of the
poilutant losd to the lske from afl sources.

Runoff pelliutants sre well dispersed end diluted by lske water or
rapidly settle out, preventing water quality degradation, even In near-
shore sress. State standards were not exceeded during these events as
the result of I-94 runoff loads.

No water quatity effects occurred as » result of highwey salting. Pro-
longed (or sven short-term) selit stratification was not observed in
profundal sreas of the lake during winter months even thouwgh approxi-
metely 22 tons of sait wers applied to the 1-94 ROW within the site snd
high seit concentretions were measured in the runoff.

Oirect discherge of highway runoff from the bri deck scupper drains
caused » locatized incrense in metals snd seits in nearshore sediments
snd cottaiils. The uitimete impect of these sccumuletions ls uncertein.
However, it can be inferred from the querterly benthos sempling end in
sity flew-through bloassays that the impect is minimel.

Meta! concentretions found In cetteils collected from mershy aress neer
scupper dralns decressed to background levels within 66 ft (20 m) of
the input point. Oste indiceted thet deicing saits ware not es effec-
tively retsined in the cattail mersh as the metsis. Cattails collected
from the site did not displey » toxic response to efevated metals and
selt levels.

Quatlitstive sempling of benthic invertabrates st Lower Nemahbin Leke
indicstad little effect of highwey runoff. Although severs! texs con-
sidered facultastive to intolerent of pollution (Fredricella, Stenacron,
and $Stenonems) were found exclusively st contrel stations, other taxs
considered intolersnt were found either enclusively at highway-infiuenced
stations or at both control end influenced stations (Ensllagme, Amnicofs,
Hydrecprine, snd Daphnis).

Field microcosm experiments vsing 6 indigenous speciew end 1 trans-
plented species (Dephnia megns) showed thet highwey runoff hed minime!
impact on these test species. The species were exposed for spproximetely
3 weeks in both highway runoff-influenced and controt stations, .

(continued)




State

wi

Wasterbody

Sugar Cresk
(Walworth County)

Nonpoint source

Construction activities
(runoff from rural highwsy)

EPA REGION § (continued)

Impacts on squetic biote Source

The Wisconsin Highwsy 15 site is representstive of wany rural highwey/ Dupuis et o!.,
receiving water interections; i.e., low traffic volume (7,400 vehicles/ 1986

doy), flush-shouider highway dasign, and a predominantly sgricultural

watershed.

Annusl polliutant losdings from the highwey right of way (ROW) comprised
» very small percentsge of the tote! watershed fosds (6.63 to €.30% of
the stresm losd depending on the poliutent). The ROW sccounted for only
1.6% of the tots! watershed sres.

Water quality impacts from highway runoff during storm events were not
spperent. State water quafity stendards were not exceeded s » result
of Highway 18 runoff, nor were EPA scute (16-min) criteria. MNedisn wet
woesthor losd concentrations at all stetions were balew the EPA chreanic
criterion; however, severas! discrete semples from highway-inflvenced
stations exceeded this criterion.

Stream sediments likewise did not contein consliantently eleveted con-
contrations of runoff-reliated poilutants such ss heavy metals.

Metals concentrations In csttaile and williow sempies teken from Suger
Crook wore not elevated st runoff-linfluenced stations relstive to

control stetions or reported background levels from unconteminated

aress. Ssit concentrations had no spperent effect on the health or
prowth of elither cottall or wiflow semples In spite of eslevated concen-
trotions when compsred to controf atstions end background vslues reported
in the 1litersture.

There wss no substential) evidence thet longitudinal veriations in
sbundence, distribution, snd composition of the benthic lavertebrate
{osuns coflected on Hester-Dendy semplers were stiributsble to runeff
from Wisconsin State Highwey 16. fether, these varistions were
sttributed meinly o intrinsic physical-chemicel charecteristics of
the stresm (}.e., turblidity, substrete, snd current velocity).

The affects of highwey runolf on mecroinvertebrste sampling were

winimel. Statisticesi differences between runoff-inflvenced stetions

snd controls were relsted more to ecosystem conditions (current, sub-
strote, otc.) than to weter quelity. The suthors determined the mesn
density (g/»2), biomess, richness, end biotic index for macroinvertebrate

somples.

The effacts of highwey runoff from Wisconsin Stste Nighwey 18 on
periphyton cormunities of Suger Creek were minime!. There were some
instances where the cantrol stetion had grester wean monthly densities
then stations sffected by highway runoff. However, there were meny
instances where the control had lower densities then the other stetions.
Number of texs collected over the l-yesr ssmpling period were similer
between stations. This similerity of mesn monthly snd wesn snnus! dens-
ities end diversity between stetions suggests no, or very little, toxic
offects of highwey runoff on stresm periphyton in Suger Creek.

(cont inved)



EPA REGION 6 (continued) ) L

State Waterbody Nonpoint source Impacts on aqustic biota Source
Wl (con.)  Lewrence Creek Agriculturs) sctivities Leboratory experiment on_emergence of wlevins Housle end
(sedimantation in redds of Coble, 1978
Send inhibited emergence; the percentsge of fry emerging decressed

brook trout, Ssivelinus

fontinelis) significently with incresasing send composition.

Field experiments using artificle) and neturs! redds
Fewer nonvisble eggs or desd -ir, wore found in srtificinl redds

(24% sand) »9 compared with naturel redds (31% ssnd). MNore nonvli-
sbie epgs end deed fry were found In naturel redds.

Emergence of brook trout ls tikely to be reduced from spewning
gravel contsining more thsn 20X send.

- e e (continved)




EPA _REGI_?‘_“ (continued)

Stete Waterbody Nonpoint source fwpactes on squstic biets Source
w1 (con.) Experiments| ponds Agriculturs! sctivitias The harblicide-trested pond had the grestest 2coplankton density, Serns, 1976
nesr Loke Negawicks {Dipotessium endothall but both ponds exhiblitad the seme overs!! trends in sbundence snd
herbicide trostment for generic composition.

macrophyte control)
There wes nv signiticint difference in Lhe Copepods (Cyclopoide

snd Chisnoide) betwadit the control snd herbicide trested pond for
ony mbnths sampled.

The chioraphy!l 3 content of the trested pond decressed to naerly
zero 2 deys postlrestment; however, 4 deys postireatment the
chlorophyll 8 concentretion had returned to pretreatment levels,

i i e . (continued)




Stats Waterbody

w1l (con.) Suger Cresk
(Waiworth County)

Nonpoint source

Construction ectivities
(highwsy runofl from rurel
roadwsy with some associsted
agricultyrsl sctivities)

EPA REGIW 6 (eonUnuod)

lnnctu on oqu-ﬂc Hou

Source

Uncroinvwhbrnhs weore collected with » Surber sampler,
Station 1 (control)

48 total texe

18 taxus of Plecopters, Trichoptera, snd Coleoptere; 996 -mlmo
collected. 16.6 g-2 yearly srithmetic mesn blomess. Largest number
of tans and percentsge of sensitive orgenisms.

Station 2 (s!ight runotf)

49 tots! texs

7 tene of Plecopters, lecho!ura, Colooptars, snd Dipters; I78
specimens collected. 6.2 g2 yearly .rlthnt‘c meen blomess.
Decressed percentages of Trichopters, Coleopters, snd Simulildes.
Depressed densities snd biomess of poflution-sensitive fauns.

4@ total taxe

8 tane of Plecopters, Trichopters, Coleopters, snd Dipters; 698
specimens collected. 10.5 g~< yeorly arithmstic meen biomess.
Similisr species composition to control with siightly higher percent-
nge of chironomidas snd simullidees.

Station 4 (heavy runoff)

46 tots! texa

11 tans of Plecopters, Trichosuu, Coleopters, snd Dipters; 3,000
specimens collected. 62.2 yosrly .rnmd: wsan biomsss.

Despite having hesviest runo" this station had 2nd highest number

of texs, highest blomess and hlgh.ﬂ percentage of sensitive orgenisms,

Genersi Comments

Physical stresm cheracterlotics (o0.g., substretum end current) st
Stetion 4 mey have masked the effects of highway runoff on the
benthic community. Results suggest disruption of benthic inverte-
brate communities by rurs! hAighwey runoff wes negligible. Avthors
suggest closer monitoring of physics) stresm perameters between
stetions chosen for comparison should be mede when sssessing pollu-
tion impacts.

Smith and
Kester, 1983

RV VP, —
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Stete

Waterbody

Mimbres River
{Grent County)

Nonpoint source
Hydromodification sctivities
(irrigstion diversion snd
extensive levee construction)

EPA REGION ©

Source

Impacte on sgustic biote ) N
Benthic macroinvertabreles were collected quantitetively using » cir- Jocobl end
Potter, 19004

cular sampler.

At 3 sampling sites, 69 Lexs of mecroinvertebrates were identified.
Semples were collected in March end July 1904,

Diversity indices (Shannon-Wesver) snd the blotic condition index (BCX)
of Winget end Mangum (1979) were casiculeted. The BCI is colicuioted as
the ratio of the predicted bicloglce) community (CYQ,) to the actusl
biclogical community (C7Q,) x 166. A high-quslity environemnt s indi-
coted by s CVQ, less Lhan 68 snd o BCI grester then 90; & moderstely
degraded environment by » CTQ of 81-74 and » BCI of 78-89; end » poor-
quslity eavironment by s CTQ, grester than 76 snd o BCI iess then 76.

The predicted community tolerence quetients (CYQ, = 68) for sl) sites
indiceted » lower quality system then the best predicted for high-
quality coldweter fishery stresms (CTQ, = §€). This wee melnly dve to
uniform rubble substrete found throughout the stresm.

The CTQ, of 66 for the upstresm site indicated s dominance of sensitive
macroinvertebrate tans typical of celdwater stresms. The BCI (116) slse
Indicated & high-qualty community.

The quelity determined from the BCI decressed st il downstresm sites.

Channe! modificetions heve slitered the siresm environment by reducing
substrate heterogenaity. In sddition, low suwmer flow rates, coupled
with cenopy loss, livestock grezing, and possibie septic-tenk leskage
may be responsible for tempersture, coliform, and tete!l phesphorus
exceedonces.

(conti mn‘;_



EPA REGION 6 (continued)

State Weterbody | Nonpoint source Impects on aquetic biote ) . ... Seuree
NY (con.) Mors River ' ! Agricultursi sctivities Benthic macroinvertebreotes were coltlected quellitatively by the travel- Smo tke, 1998
{Mors County) © (Vivestock grerzing) ing kick-screen method snd quentitetively using e circuler sampler in
July 1986, At 4 stetions, 33 mscroinvertebrate texe were identified.

Ephemeropters, Trichopters, snd Dipters dominated Lhe benthos st »ii
sites.

Oiversity indices (Shannon-Wesver) snd the blotic condition Index
(BCI) of Winget end Mangum (1979) were calcuisted,

The BCI is celculoted os the retie of the predicted blelogicel com-
munity {CTQy) to the actusl biologicatl community (CTQ,) » 100. A high-
quality mv?romﬂ. is indicated by » CTQ, loss then 60 end » 6CI
grester Lthen 90; = moderstely degraded envirenment by » C1Q, of 61-74
snd 8 B8CI of 76-89; end s poor-quality envirorment by » CTQ, greater
than 76 snd » BCI less then 76.

The predicted community toiersnce quetlents (CTQ,) based on physicel
chemica! criteris Indicated high-quality habitsts st sl!! sites (60-83).
The sctuai CTQ, showed thet moderately tolersnt to tolerent organisms
dominsted the benthos st sll sites (66.8 - 86.4). This finding
coupled with the low BCI (61.3 - 76), indicated thet weter quslity mey
be the controlling fecter regerding the mecrelnvertebrate community,

Erhonropun, Trichopters, snd Dipters dominsted the benthos st oif
sites.

Downstreasm Incresses In totel inorgenic nitrogen concentration mey be

sttributeble Lo cumuletive sffects of catile grezing, sgricuiture,
Jrrigstion, snd onsite disposnl systems.

V o i - {continved)




EPA REGION 6 (continued)

. State . Wsterbody Nonpoint source Impects on squstic biots e St_mr‘fo_~ B
MM [con.) Costills Creek ‘ Construction activities Macroinvertebrotes Smolks, 1087
(hondnaters to mouth - (skl road snd parking lot
4 stations monitored) rumeff) Benthic mscroinvertebrates were collected qualitatively by the
’ Agriculturs) activities treaveling kick-screen method snd quentitetively using » circuler
Stetions 1 end 4 (cottie gresing) sempler during Februasry 1907.
upstresm controls
Stations D snd 1) Stations
‘downstreem of ski
sres 1 4 ] 1)
or of T T ooTm oo
taxe 20 22 23 19
Tots! 'v'm-tor -
ergenisme/al 2081 2198 1811 1844
acI 118.4 110.0 122.} 196.3

While Costilis Creek hes oncellent water quelity, parking let snd
rosd runoff (slong with unsteblse stresm henks) csused minor problems
by Incressing totel disselved sollds (TDS), totel suspended eelide
(TSS), and turblidity. In addition, phosphorus concentrations
incressed o3 » resull of cettle-grazing sctivities.

While the weter quelity of Costille (reek ie excellent, the number

of taxs, Ltots! mumber of orgenisms/mé, snd the bletic condition index
(BCI) oll decressed progressively from the hesdwsters to the meuth of
the creesh. This trend suggests conditions are belng siightly degreded
from runoff from s ski eres, stresm bank erosion, and cettle-grazing
activities.
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!Stnl;o

x$

Waterbody

Experimentsl ponds

nesr lLawrence, K$

Nonpoint source
Agriculturst ectivities

(pesticide runoff)

Two ponds received 20 fig/L
strazine; two ponde received

600 fig/L strazine; and 2 ponds
served »s controls

EPA REGION 7 o B

Impacts on squetic biots Source
e A A A o T e
A 4-month study was conducted in 8 experimentsl ponds to monitor the doNoyelles and -
wffects of strezine (2 concentrations) in phytoplenkton, zooplenkton, Kettie, 1900

squatic plants, and 3 species of fish (bluegill sunfish, Leponis

mecrochirys; chennel catfish, Ictplurys pynciatye; end gizzerd shed,
Dorosome copedionum).

Phytopisnkton biomass in 508-jig/L strazine ponds declined seversifeld
below levels found In the other ponds during the first 16 deys of the
study. After 24 days biomess returned to levels feund ln the other
ponds but was dominsted by resistant species. Declines In blemass
were not observed in the 20-jig/L etrezine-trested ponds or In the
controis.

The most immediste impact of photosynthetic Inhibiters such se atrezine
In squatic communities is on the planta. C-14 upteke decl!ines within
s fow hours,

C-14 upteke by the phytoplankten community enposed to S08 fig/L etraszine
significantly declined to 6% of control pond retes. At dey 24 rates
returned to control pond retes with the esteblishment of resistent

species.

Phytoplankton species distribution wes sitered particulariy in the 588-
po/t strezine-trasted ponds. Yeirpedren minjmum end Peridinive ingen-
spicyum were rere or sbsent efter 2 days exposure (688 jig/L), while no
such declines were noted in the 28-Jig/L ponds.

Phytoplenkton succession in the 3 trestment groups wes highly verisble,
snd mey in part have been relsted te zeopliankton responses to the
strezine.

The reslstance of some species of phytoplenkteon to the effects of
strazine on photosynthesis was suggested by the ional rewp
of certain species.

Zooplankton

The zooplankton community wes dominmted st the beginning of esch
study by the Clisdocersns Dlsphencsome brachyyrym snd severa! specles
of cyclopoid copepode, principslly Tropecyclops presinue menicenvy.

looplankton numbers declined between deys 2 Lhrough 10 posteppiicstion,
following the decline in phytoplankton.

(contl nu“’



State

I KS (con.)

Waterbody

Experimente! ponds
near Leswrence, Kanses

Nonpoint source

Agriculture! activities
(pesticide runoff)

Two ponds received 20 Jg/L
strezine; two ponds recelved

680 pg/L etrezine, and 2
ponds served s controls.,

EPA REGION 7 (continued)

Impacts on squatic biots

Source

Doghnis pulex and Simocephplys serrylatys experienced significent
popuistion decliines in the 580 Jig/L atrazine-trested pond. Both
species exhibited s reduction in the tets! number of young preduced
and the dsily production of young. At 20 jig/L strazine Dyphnly

exhibited the same pottern of reduction, but Simocephaive reductions
were nob significent,

Herbivorous zooplenkton experienced both direct toxlc effects of
stresine and indirect offects of reduced feod svellsbility.

Alges snd mecrophytes

Filementous slges snd mecrophytes remeined rare in sll ponds through-
out the study.

Benthic invertebretes

Littie effect on the benthic lavertebrste ity wos & troted.
No mortelity occurred in the mecroinvertebrastes monitered.

ish

No significent difference wes feund in mortslity ef Lepomip, Deresome,
snd Jctalurys in the control and 28 fig/L strezine-exposed groups.

Reduced fish growth wes neted in the 688 fig/L strezine-trested pends
for fish .poc?o' o9 parcent lass growth (length wma) then contrels
(Lepomis 26%, Dorosoma 31%, snd Ictelyrus 16%).

deNoye | tes and
Kettle, 1900




State

XS (con.)

Waterbody

Cottonwood River
(Chose and Lyon
Counties)

Eimdale

(control)

Cottonwood Fellse
West Emporia
Soden’s Grove
Neosho Repids
(runotf sffected
sites)

Nonpoint source

Agriculturst sctivities
(feediot runoff)

EPA REGION 7 (continued)

Impacts on squstic biots ) __Source
Nacroinvertebrete communlty changes during snd sfter closure of 2 Prophet end
feediots were noted in the river from 1968 to 1971. Edwards, 1973

Ouring 1966-69, 62 sepsrate texe were identified. AL ell stetions,
Ephemeropters, Dipters (Chironomidse), snd Colecpters (Eimidee)
predominsted. During 1976-11, 65 seperste texs were ldentified.
The difference between control- end ef fluent-affected stations
decressed. A decresse in Dipters (Chirenomidse) snd sn Incresse
In Ephemeropte occurred st sl stations.

Most diverse taxa (61 species) occurred with highest species divers~
ity in 1960-69 (2.96 ss compered to 2.02 - 2.70 for lmpect sites).

Differences in species composition swong statlons were not grest
(32% of tsxe occurred st ali stations).

A merked tendency for the number of texs te decresss downstreem wes
influenced by the stetion distance below feedliot snd sccumulistive
orgenic load from feediots, municipel, snd natural sources.

Specles diversity during 1979-1971 study (period when 2 Teediots
closed) wes higher at #!l atstions than during 1960-69 survey.

Resulte of this study provided evidence thet runoff from lerge
commercial feedliots {.d on sdverse sffect on the eavironmentsl
quality of the Cettonwood River snd demonstrated thet the effect
continues even sfter water quelity returns to scceptesble levels.
Recovery is repid once the leve! of envirenmental stress Is reduced.




State

Weterbod y

Al rivor' contsined
within the Clerk '

. Nstions! Forest of

the Missouri Ozerks

Upper Bes Fork
(contral)

Bee Fork
(impact site)

Nesls Creek
(impact site)

Strother Creek
(hnvy inpnct

Nonpoint source

Mining sctivities
(ocid mine dreinasge including
tesd, zinc, copper, and silver

di uhorpo:)

EPA REGICN 7 (contmuod)

Seurce

llpoch on -q».tlc h-oto _

Typica) of » clesn Ozerk stresm, MNedest sesson biooms of elgee
occurred, which were closely followed by the eppesrence of censumer
orgenisme throughout the yesr.

A persistent distomececus met developed In lste spring, which wes
encouraged by nutrients derived frem mine waters. A stalked distom
(Cymbella) was the predominsnt us, with s varlety ef ether

distoms and severs! geners of fllsmenteus sigse that veried sessen-
ally olso present. The sbsence of meny censumers wes typlcel of
the contral site. Nemetodes and rotlifers were the grestest pert of

M trotions were olevated st this site and

were prob.bly sssocisted with the high donsity snd diversity of the
dlstom community.

Concentrations of hesvy metels in algee (including Potemogeton sp
snd Cledophors sp.) were grestest st sites nesrest the tailing nn‘.
from mill operations.

In genersl, iead, 2inc, copper, mengenese, end cedmium were not con-
eoutnud ln oqun.ie blots (crayfish, tedpoles, snails, smell figh).

Cale ot o).,
1973
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EPA REGION 8 ]

Stete ~-Waterbody Nonpoint source Impects on squetic biots o o __s?!',"_?_,,_-
co Coa) Creek Mining sctivities Orainage from Keystone Mine (lesd, z2inc, snd copper mine) for 40 yeers Todd ot ol.,
(Cunnison County) (scid mine drainsge - rendered the lower section of Coal Creek biologlcelly Jdeed. 1992
. recovery of biologics! com-
wunity sfter spplication of Before t of trestment feciliity, pH wes extremely fow (3.6)
flocculstion-coasguistion ond concentrations of 8 heasvy metsls were in tonic renge (codmium, 320
technology ln May 1981) Bo/L; copper, 1,460 Jg/L; lesd, 400 jig/L; iren, 45,008 jg/L; wmengsnese,

49,000 ig/L; and zinc, 656,000 fig/L ot the discherge).

After trestment, concentrstions were csdmium, 0.5 fig/L; copper, 20
Jg/L; tesd, <10 Jig/L; iron, 458 Jig/L; manganese, 168 jig/L; end zinc,
300 jig/L. at this discharge.

rolinver T

8 monthe after faclility Initistion there wee rapid recoionizetion by
benthic mecroinvertebrates collected in Surber sampler.

At the control stestion, 37 texa were collected prier te operstion of the!
plont with @ taxe collected st discharge stations. Three discherge ste-
tions had 21, 24, end 23 tens, ro'poct':oly, sfter 8 months, and had 17,
23, and 24 texs sfter 12 months of plent operations. Speclies compesition
chonged sfter plant operation.

Dipterens, principsily chironomidee, which sre metei-tolerent, were 836%
of invertebrates collected in 1981 st stetion nesrest to fecliity.

In 19682, 61X of invertebretes were Plecopters (Ppraperip frontplls
domineting). This shift wes indicative of Improving in-stresm environ-
wentasl conditions.

At downstresm stetions to facility, Ephemeropterans predominsted
(Peeudoclosen sp., Rhithrogens robuste, snd Epserys lengimenys with
some Trichoptera (Arctopeyche grendls).

Eish

Fish wers collected by electroshocking. Prior to plant stertup,
brook trout (Selvelinus fontineliy) were found only uvpstresm of the ecid
mine dresinsge sres.

2 months sfter stertup, downstresm ststions showed presence of
brook trout, white sucker (Cssloplomus commergoni), and brown Lrout
(Saimo trutts).

Most specimens were the young of the yesr brook trout, indicating
improved water quslity.

e i e [N [P i




¢ s’t.t.
Ny

Muddy Creek

Woterbody r

(Coacade County)

Nonpoint source
Agriculturst sctivities
(sediment)

EPA REGION 8 (continued)

Impacts on squetic biote Source

Periphyton production wes monitored en artificisl substrete. Semplers Ingmen, Weber,
allowed to collect semples for 2 weeks. Nacroinvertebrate besket and Bohls, 1904
semplers wers used over 6 weeks Lo monitor this community.

Algee

Below the confluence of Sun Creesk (nstural stream) snd Muddy Creek
(modifiad by receiving lrrigation weter), 3 geners of green algee
(surfece collections), § geners (midwster), snd 8 geners (bottom),
dissppesred from samplers. Many of these geners were cellected
further downstream.

Distome
Severs! distom species incressed ot ststiens in the Muddy River which
hed o hi turbidity end orgenic lond then the Sun River.

species included: 9%_!&99! yulgere, Neviguls cadiess, N. selinarym,
N. tripunctete, N. viridule, snd Nitzschia dissipsty. Oniy ene

distom decressed--Achnenthes minytissime (one that prefers stable
substrate).

The void left by A. minytissimg wes filled with seversl nitrogen-leving
toxs, better sdapted to the mesotrophic snd unstable bottom downstresm
from Muddy Creek. The decliine in the tots! texe below Muddy Creek
reflects the physics!) Impect of suspended sellds, while the incresse

In total texs ferther downstresm is 8 function of environments! varie-

bitity and perhaps modest nutrient enrichment.
Mecroinvertebrates

Oipters, Trichopteras, snd Ephemeropters accounted for 94% of el
mecrolnvertebrates st esch station. There wes ne significent differ-
ence in the reletive importence of these three mejor orders suggesting
blologicsl recovery st the downstresm ststions.

Hydropsyche, Cheumstopsyche, Stencneme, end Heptagenle incressed st
the two downstream stations. The presence of these 4 speclies indicates
that the large concentrations of inorganic suspended sellds in Muddy
Creek do not interfere with feeding. There wes » significant decline
in the number of orgsnisms colonizing the semplers st the Muddy Creek
conflueace statlion snd the one downstresm of that. An Incresse of
%120 mg/| suspended solids resulted in sn 88X decresse in numbers of
invertebrotes. The diveraity Index velue mas highest for the Muddy
River stetion. Although this was the most polluted by sediment. The
suthors suggest care must be erercised in the interpretstion of the
results. First, colonization of srtificial substrate semplers le by

(conti nu;d) '



State Waterbody

EPA REGION 8 (continued)

- STl T I I T T L T L T

Nonpoint source Impeacts on squatic biote Source ,
MY (con.) Muddy Creek Agriculturst sctivities chance and the diversity depends on the stage of community succession. Ingmen, Weber,
(Cascade County) (sediment) The confluence station may harbor » transitional fsuns composed of snd Bahis, 1084

representstives of both the Sun snd Muddy River. The higher diversity
could be a spetislly limited srtifact of this edmixture. Midges were
koyed only to femily snd counted as one genus. It is possible fewer
species were sctusily present at the confluence of Muddy Creek. The
suthors conclude that messures of distom snd macroinvertebrate diver-
sity proved to be unrelisble ss indicetors of biotogical impect of
sediment snd lnorganic constituents.

(cont inved)



State

MY (con.)

Waterbody Nonpolnt ‘source
Bluewster Creek Agricuttural sctivities
(Carbon County) (sedimant)

6 stetions (I-v)
sampled from heed-
wster sres to down-
stresm confivence
with the Clarks Fork
River

EPA REG!CN ] (conhnucd)

e - e

In\p-cu on oquﬂ.lc Mou Source

Fish -owllno was conducted unlnp oloctrofl-hlng coupled with : Peters, 1987

blocknets st thrae 4,808-ft2 sections st ssch station.

Over » 2-yeor period, medien sediment concentrations were 18, 79,
167, 186, snd 319 ppm for stations 1 to V, respeclively.

A progressive dowunstream decresse occurred In water tempersture in
the winter snd @ progressive downstresm incresse occurred in the
FUMMST

The following flish apecies were sempied: brown trout (Ssimo trytte),
rainbow trout (Seimo geirdneri), flathesd chub (Hybopsis gr.c!li
longnose dace (Rhinichthys ceterectse), white sucker (Cotostomus
commersoni), longnose sucker (___“ omus catostomus), snd mountain
sucker (Pentosteus phebelus). All nontrout species sre referred to

o rough fish).

Retio of trout species to rough fish spacies decressed from stations
I to V s follows: 1 (216/7), I1 (197/17), 111 (86/228), IV (8/1201),
and ¥V (8/278).

Masrk and recapture study results estimeted tota! number of trout per
station o I (208), II (197), 11II (102), IV (8), end V (6).

Aversge mortelity of eyed rainbos trout eggs wes 3% (1), 22% (II),
64% (I11), 78% (IV), and 47X (V).

Sedimentetion concentrstions ware shown to Influsnce trout populstions
directly; however, indirect changes in water temperature snd stceam, flow.
siso influenced survival.




State

Watarbody Nonpoint source

Source

EPA RECION 8 (continued)

Impacts on squstic biots

Agriculturs) sctivities
(benk slumping sedimentstion)

teke Oahe and Lake
Sherpe

Experimente! field study results indicsted that embryos snd llrv;lo ‘of
northern pike (Esox lucius) were susceptible to eilt deposition end
tempersture changes.

Hassler, 1970

Highest mortalities occurred during esrly embryonic development snd
were associsted with hesvy silt deposition (up to 3 em in 24 h)
resulting from bank slumping and weve action.

Tempersture changes and siit deposition sppesr to hsve fittle effaect
on yolk-sac [arvee.

Eorily embryonic development was @ critice! stage.

Variations in yesr classes in the northern pike of Lakes Oshe ond
Sharpe were sssocisted with varistions in spring weter levels and
svailable spswning substrate.

Deposition of only 1 sm sediment per 24-h period during eerly
embryonic development csused mortatlities of 97%X.




EPA REGION 9



Waterbody

Nonpoint source

Siste

Agriculturs! asctivities
(pesticide runoff end point-
source sewsge outfall)

CA Pacitic Ocean lnshore
wasters from the mouth
of Ssn Francisco Bey
to Los Angeles

EPA

Impects on squatic biots

Source

The surf-z0ne send crab (Emerite ansioge) was collected along the
California cosst st 19 beach sress snd snalyzed for residues of DOT,
DDE, snd DOD.

Pesk concentrations of tota) DDV were observed in Emerits collected
st the mouth of Sen Frencisco Bay, in the vicinity of Monterey Bey,
ond off tha Palos Verdes Peninsuls. The most dramatic concentrations
occurred in Emarits collected off the Pelos Yerdes Peninsule.

The Sen Francisco Bay snd Monturey Bay pesks sre stiributed to drain-
sge from adjecent sgriculturs! sreas; the Sen Josquin end Secremento
Velleys draln into Sen Francisco Bay snd the Selinss Velley draine

into Monterey Bay. .

The most drametic pesk wes sttributed te the Los Angeles Ceunty Sewer
outfall, which raceives offlvent from the Montrose Chemical Compeny,
the sole menufscturer of DDT in the Unlted States.

Bottom sediments sppesr te be » mejor reserveir for DDT residues thet
mey become avallsblie for biolegicel uvptske when these sediments are
stirred vp.

No sdverse affects of DDT in Emerits snaloge were reported.

Burnett, 1971

(continved)



‘State Waterbody Nonpoint source

Forestry sctivities

CA (con.)
(logging snd rosd construction)

Bummer Leke Creek

South Fork Yager Creek

Little North Fork
Noyo River

€PA REG!W 9 (conunuod)

!wneh on aqustic blon

. Seurce

Each study stresm wes monitored for three summers boforo, durlng, and
sfter alther logging or rosd construyction.

Fish were captured using electroshocking by the single-census, merk-
snd-recovery mathod or by the two-catch removal! method.

Wster quality remsined within 1imits tolersted by ssimonid popule-
tions after clesrcutting in blocks.

Some Incresse (3%) in fine sediments occurred sftar logging, but this
wes not o significent change.

Biomess of saimonids wes siightly lower during logging snd Incressed
sfter logging. The 19% Incresse In seimonid biomass was within the
range of nsturs! varlstion for uniogged Catifornia stresms.

Yeorling end older trout were fewer alfter logging but young-of-the-
yoar were more sbhundant.

treut (Safmo clerkl) hed longer nnn engths sfter the log?lng.

Sculpk\;-(iottus sp.) slso increased In biomass after |

No sbnormelities In water quallty were detected after .mhﬂ.
wss token to lesve buffer strip around stresm.

Core

Some incresse (6.6X) in fine sediment occurred ofter lonln., Mn'. QH.
wes primerily sssociated with en upetresm collopse of » '.roo-j..—o“~
rock barrler.

Fish populetions incressed sfter legging. The biomess of oit age
groups of steelhesd trut incransed and thelr mesn lengths were
longer sfter the 1 . The 106% incresse in biomess was graster
then the naturs! ver nt on in unlogged streams.

Sculpin and threespine stickiebeck (Gasterosteus sculestus) decreesed
sfter logging.

Ne sbnormelities In weter quelity were detected ofter Oo?'ln., bo'-
ever, bulldozer sctivity grestiy incressed stresm turbidity. .

There wee o significent 13.3% Incresse in fine sediment after fogging
sctivities.

th ’opul.ﬂono decressed »e -nhuh« snd stresm disturbances progressed.

Burns, 1972

(c_cntlnuod)



EPA REGION 9 (tontinuod)

Stete Waterbody Nonpoint source lmp.cci on oqv.tic blota R R - Source
CA (con.) I'ittte North Fork Forestry sctivities Steelhend trout populations remsined sbout the same but the trout were Burns, 1972
Noyo River (con.) (logging snd roasd construction) smeller sfter logging. The biomess decressed 62% snd this decresse '

wes grester than that of uniogged stresms.

Sculpin sbundance decressed esch time the ltrou bed becasme heavily’
silted but the sculpin quickly recovered.

South Fork Caspar Some abnormelities In weter quelity were detected sfler logging and

Creek msjor rosd construction which relocated pert of the stream bed. This
site was the most severely impected by forestry sctivities. Wost of
the titt slopes and stresm benks were fertilized with ures snd seeded

with snnual rye grass.

Oissalved oxygen dropped to 6 ppm in some poois during logging compared
to 18 ppm in undisturbed streems. The drop in dissolved oxygen wes due
to decsying slash. .

There wes s significant incresse (14%X) in fine sediment sfter logging
sctivities.

Logging wes detrimentel to the stresm macroinvertebrates sithough
conditions favored Diptere and Plecoplers. Incresses in these 2
Istter groups offset fosses In other texs ceusing a 120X incresse

in density immedistely after rosd buliding snd fertilization. Within
2 yosrs, the benthos Iincressed 370% over prelogging levels.
Epheneropters took longer to recover thesn most insect orders.
Trichopters recovared repldly and slong with Plecopters end Diptecs
mede up the mejority of the benthos. Trichopters drift Incressed
most efter rosd construction--by 47% the first yesr snd 100% the 2nd
yoar.

Seimonid populstions decressed immediately after rosd construction.
Recovery begen the following spring snd the ssimonid biomass wae

only 26% lower then predisturbence biomess levels. All sge proups

of sslmonide had grester mesn lengths after road constructien. Road
construction mey have reduced the tote! yield of sslimon and trout seoits.

The populstion of young-of-the-yesr steelhasd trout decreased 86X, older
steslhesd Lrout decressed 84X and coho selmon decressed 02%. These

rates are higher then would be expected for unlogged streams. Stickleback
biomess fluctusted midely during the study, showing sn overasl! increase
n'tor rond conotruc\lon.

(cgn‘lnuod)



EPA REGION 9 (continued)

State Wsterbody Nonpoint source Impucts on squstic biote : Source
CA (con.) 62 Northern Celifornis Forestry sctivities NMacroinvertebrate sampling was made with a modified Surber sampler. Ermar, Newbold,
streams (eftects of togging with end snd Roby, 1977
without stresmside buffer Results from Logged (L) snd Control (C) stresms.
strips)
Totel
orgenisms Shannon - Chironomidese

(No . /m2) diversity . (No./m2)
Indisn Creek (C) 2040 2.17 1221
Upper Four Bit ) 3684 2.48 1304
Lower Four Bit (L) 6148 1.94 2600
Two Bit Creek (L) 3332 2.08 1437
North Fork Copper (C) 1424 1.92 166
Copper “B" (C) 146 1.71¢% 237
Copper "A" (L) 10887 1.17 8929
Esat Branch Lights (C) a4 2.61 160
Upper Taylor (C) 1110 2.78 261
Lower Taylor (L) 2174 2.2 1049
Upper New York (C) 2332 2.7¢ a3
Carney Creek (C) 1124 2.23 812
Mid New York (1) 3676 1.7 2230
New York Tributery (L) 14088 1.00 682

(qonthmodi



State

CA (con..)

€EPA REGION 9 (continued)

Waterbody Nonpoint source

62 Northern Celifornia Forestry sctivities
streems

(offects of logging with and
without stresmside buffer
strips)

Rasults from Control (C), Wide (W), and Nerrow (N) Buffer strip stresms.

South Fork Noyo (C)
North Fork South Fork Noyo (C)
Hare Creeak (N)

Fall Creak (C)
Upper Packsaddie (C)
Lower Psckseddie (N)

Fall (same @3 sbove) (C)
North Packsaddie (C)
Knopki Creek (N)

Bear Creek (C)
Upper Doalittle (C)
Lower Doolittie (W)

Cub Creek (C)

NcCosh Creek (C)
Rogers Creek (W)
Irving Creek (W)

Big Creek (()
Murphy Creek (C)
Cattahan Creek (W)
Gerden Creek (N)

Hiskell Creek (C)
Upper Chepman (C)
Lower Chspman (W)

Impacts on squatic biots

Totsl ’
organisms Shannon
(No_./w2) diversity

698 2.44
34 2.20
100 2.04
1144 2.08
1676 2.26
2640 2.18
1144 2.06
769 2.16
are 2.1
2648 2.00
2349 2.00
1231 a.n
2004 .09
16688 2.87
o4s 2.0
1238 2.48
602 2.60
1238 2.90
1134 2.9
1669 1.7
ore 2.60
958 2.78
2.61

1314

Chironomidae

—(No./m2)

29
20
[.1J

300
144
1002

308 .
206
69

ase
299
233

Source

Ermen, Newbold,
and Roby, 1977

‘ (colntlnuod)



EPA REGION 9 (continued) )

State Waterbody Nonpoint source Impacts on aquatic biote Source
CA (con.) 62 Northern Callfornia Forestry sctivities Diversity was significantly fower in the logged streems than in the Erman, Newbold,
strosms (effects of logging with end controls. snd Roby, 1977
without stresmside buffer
strips) Diversity of narrow bufferstrip stresms wes lower than corresponding

control in 4 of 6 cases.

Diversity of wide bufferstrip stresms was a9 high or higher then
corresponding control.

There was 8 positive correlstion (Spesrmen’s rz0.71) between buffer
width and diversity. :

At logged sites Chironomides, Beetis snd Nemours, were consistently

more sbundant then st contro! sites.

Diversity of stresms logged over 1€ years eariier was significantly
ltower than diversity in contrel streams.

- (continued)



lSt.to

CA

Waterbody Nonpoint source

60 northern Catifornia Forestry sctivities
streams from cosstel (logging)

to mid-slevstion

Sierrs Nevads

Wountains

The macroinvertebrate community (cotlected in modifled Surber

Impects on squstic biots Source

. Newbo id, Erman,
semplers) wes used to evaluste effectes of logging in control, buffered snd Roby, 1080
{narrow buffer zone (3@ m and wide buffer zone 230 m), and logged

wetershed stresms. Llogging occurred 1-6 yenrs prior to mecroinverte-

brete sampling.

Shennon diversity indices were significentiy lower at fogged sites then
et control sites. The number of texs collected was not significantly
iower st logged sites. The low diversity sppesrs to be s result of
higher densities of Bestls, Nemours, snd Chironomidee st logged sites.

Tota! density of macroinvertebrates was higher at logged sites then ot
control sites.
Effectiveness of buffer

Using Euclidesn distances, there wes o significent .l'.ﬁt of logging on
narrow buffered stresms. Logging with o wide buffer 20ne of protection
produced no messursbie affects on mecroinvertebrates ss compered to con--
trol sress.

Shannon diversity Indices were lower st 3 of 4 narrow buffer z26ne
streasms than at the respective contrels, but the trend wes not signifi-
cant. At wide buffer zone stresms, diversity gave no indication of
tagging effects.

Using Kruskal-Wellls, (nonperemetric one-way ANOVA) showed the stresme
st logged sites were signiticentiy lower in diversity than In wide
buffer rone or control stresms. Narrow buffer zone streams couid nof
be distinguished from the other groups.

(continued)



EPA REGION 9 (continued) e o

State Weterbody ' ' Nonpoml source on lﬂ"'u‘ “"“ I .,....f:":f.
CA'(con.). Cayote Creek Urben runoff A 3-ynr mltoring :tudy wee conducted te assess the impacts of Pite ond
‘ v urban runeff on the blots of Ceyole Creek. Bozemsn, 1902

Qionccumyintion

Tissue semples of the mosquitofish (Gewbupin sf{inig), filementeus

sigae (Cledophorp sp.), creyfish (Procemberye glarkil}, end cottall

plnnt. (Typhs sp.) were snalyzed fer hoovy mateis st 3 nonurben ond
3 urban runoff sites.

Lead concentrations were genersily higher in sigee, crayfish, snd
cottalls (by o fector of 2-3, relstive te the cerresponding nen-
urben site) while lesd concentrations in fish did net seem te
differ when compering urben snd non-urben sites. Concentrstiens
of lesd in biots enceeded water trations by o facter of 108,

Zinc concentrations were greater by s fector of thres in urben ve,
non-urben site sempies for aligse and cottails, but were cempersbie
for creyfish and fish. Concentrastion of zlinc in biets enceeded
weter concentretions by » fector of 680.

Eish popylations

In nonurban resches of Coyote Creek native fish species tended to
predominete. Of 2,379 specimens cellected, 36% were hitch (L_V!ﬂ]_!
enliicouds), 27% threespine stickleback, (Gesterosteus sculestvs),
12X Secremento sucker (Cotostomus g_(jg_\g.ll!), % prlckly sculplin
(ggtgyg ssper), 4% Sscramento blackfish (Orthodon microlepidotys),
2% Colifornis rosch (Hesperoleucys symmetricus), which made up 89%
native species and 11X introduced species.

In urben resches 7X of fishes were netive species snd 93X were
Introduced species including 67% mosquitofish (Gembysis #ffinis),
21% fathesd sinnows (Pimghsles promeiss), and 2% thresdfin shad
(Qerosoma petenense).

Benthic megrolinvertebrates

Collections were mede with doth netursl end srtificial substrete
somplers.

The sbundsnce end diversity of taxa genersily were grester in the
nonurbanized sections of the creek. Benthos st control stations
consisted primerily of smphipods and & diverse sssemblege of aqustic
insects. Together, these groups msde up 66% of the benthos collected.
Clean water forms inciuding the smphipod, Hydells sztece, mayflies,
ceddisflies, black flies, crenefiies, slderfiies, snd riffle beeties
were. .bundnnt

(continved)



EPA REQHN 9 (continued) o ) _

State Wsterbody

Nonpoint source Impacts on squatic biots , Source
CA (con.) Coyote Creek (con.) Urban runoff Benthos at the urben runoff stetions consisted simost exclusively Pitt ond
(97X of ali benthos) of pollution-tolersnt oligocheete worms Bozemen, 1982

(tubificids).

Total number of benthic tsue were 2 to B for urban stations snd
8 to 38 for nonurben sites.

Genersl comments - Some potentisily harmful concentrations of
emmonie, nitrates, phosphorus, snd mercury do occur in Coyote Crbek
in both the nonurbsn end urbsn resches. Weter quality criterie in
the urben ares that ere generally emceeded included dissolved -
onygen, copper, lesd, snd zinc. Chenges In the stresm substrate
sliso occur s 8 result of silt and debris from urben runoff. These
verious conditions sre responsible for deciine In species diversity
and sbundence In the urbasn resches of Coyote Creek.




EPA REGION 10



Ste Q'.o
1o

Waterbody

Knapp Creek

Efk Croek

Nonpoint source

Hydromodificetion activities
(Cranitic sediment was sdded
srtificisliy to simulste
stresm beank slumpage.)

Hydromodification sctivities
{Crenitic sediment was menually
closned from some riffie aress
and compsred te uncliesned
{contre!) sress. Cleaned
sreas were 26% imbedded by
sand by the last sempling date
[46 deys after clesning].)

more

EPA REGION 18

l-p.c!.- on oqunuc b!ol-

Aqueatic Onsoct- were collected by @. 093-m2 bottom semplers st 2 doye Djorvm et ol., -
before snd 1, 2, 14, and 23 days following sediment addition. 1977

The ertificially sdded sediment did not have o significent immediate
or fong-term impact on the benthic insect community except for o
correlstion between insect density snd leve! of cobble imbeddedness
for Ephemaropters and the Trichopters (Brachycentrus sp.).

Extreme ranges in substrate parsmeters werse not present under the
test conditions; therefore, Knspp Creek resulits sre more restricted
in applicability than those of Elk Creek.

Density snd diversity of benthic Invertebrete community were sdversely
sffected when lerge smounts of sediment were present In riffle aress
(l.e., >2/3 cobbie imbeddedness in Elk Creek). Predominsnt sediment
was fine sand ((6.36 mm diemeter).

Sedimented stresmbeds with cobblies more than 2/3 imbedded in sand
edversely affected the benthlc Insect communlity becesuse send tends to
restrict subsurfece habitstion by meny insects and to reduce permes-
bllity. Cobbles imbedded in coarser sediments generaily support o
richly diverse insect community. Large pebbles and cobble (8.4-12,7 cm
diasmeter) unimbedded or pertislly imbedded provide good riffle hebitat
for insects. .

After 45 days, the total number of insects en the menustly clesned
pliots was 1.6 Limes the number en the centrel! (unclesned) plota.

The number of species on clesned plots wee 1.3 .an the number on
unclesned plots.

Ephemeropters snd Plecopters constituted mere than 8% of the insects
on the clesned plots.

Four times more Ephemeroptere and 8 times wmore Alleperis op.
{Plecopters) sppeared on the clesned plets.

All Ephemeropters hed grester densities en the clesned plots then on
the heavily sedimented cont.rol plots. Rhithrogens robuste was 18 times
bundant on c! d plots.

(continued)



EPA REGION 10 (continued)

T State Waterbody Nonpoint source Impacts on saquetic biots . ... . Seurce
10 (con.) Elk Croek Mydromodification activities Amsletus sparsastus which favors slow-moving streems was found in Bjoran ot ol.,
(Grenitic sediment was manuslly equsl! numbers st control snd clesned sites before clesning, After 917

cleanad from some riffle sress cleaning this species was 6 Limes more sbundent on clesned plots.
end compsred to unclesned

[control] erees. Cleaned Neophylax sp. uses fine ssnd grelns for case building. On second
sress were 25% imbadded by sampling, it wes more sbundent on unclemned control plots but, by
send by the last sempling dete the third sempling, the clesned plots were 26% embedded with sand
{46 deys sfter cleaning].) snd Neophylax was more sbundeant st ci d aites.

Riffie beetles (Optigservus sp. end MHeterlimnius corpulentus lsrvse)
fovored unclesned piots snd were 6 Limes more numarous than on
clesnad plots.

The burrowing cranefly lsrvee (Hexstome sp.) wes 4 times more
aumerous on unclesned plots.

Knepp Creek Hydromodificetion ectivities Fish counting by snorkeling wes carried out prl:r to sediment sddition,
(Cronitic sediment was srtifi- 1 dsy sfter 1%% sddition, 1 snd 4 days stter 2"d addition, end
clelly added to stresm.) 3 and 13 doys efter 379 gddition of sediment.

Fish densitios in poels were affected by sediment sddition, but benthle
invertebrate densitieos remeined retstively unsitered. The smount of

cover for fish decressed. The volume of pools decressed with sediment
oddition to 48% the originef velume, end fish density decressed by 38N,

Fish species incliuded Chinook saimon, steeslhesd trout, snd mountain
white fish (Proseplum willliamsonl).

Reduction of fish wes due more ts pool vaiume and sress of m-.forrd
depth for the ftish,

(continued)



EPA REGION 18 (conl.uwo‘)

State Waterbody Ntmpom'. source !-pnch on -qu-tic blou Source
ID (&éon.) Emersld Croek Mining sclivities Riffle Insectes were sampled with besket s-wlor. and driftaets con- Luedtke and |
(sedimentstion from gernet currentiy to determine if the riffla insects fully p Brusven, 1976
mining) through long, fow-velocity sendy runs.

The control driftnet wes positioned immedistely upatresm of & riffle
sres. Driftnets A, B, and C were sat in the rifflie zone and progres-
sively downstresm from the control! net.

The control driftnet consletantly coliected higher aumbers of speciles,
higher tote!l numbers of individusils, and higher drift density than eny
of the riffle sres nets.

Besket ssmple counts st the sites showed counts et the contral slte
Incressed during esch successive sempling period while counta at site 8
wore higher then st A or C.

Drift end besket colonizetion resulits indicated spprecisbie downstreem
movement (drifting end crawling) by Insects on s sandy substrste
despite low current velocitles.

The dominant *drift® gpecies were not the dominent 'booltct' species.
Ephemerel ls hecudbs snd Optioservus seristus (wesk swimmers) were the

dominent drife species In July. In August, Centroptilum sp. end
Arcynopteryx sp. (ective swimmers) predominsted.

Baskot senples were frequently celonized by insectes common to the
l..dhu basket sres (Chironomidee and Centreptitium esp.) or dtrong
swimmers (Centroptilivm sp., Bsetis tricaudatus, snd Ephamereifle
slbertee).

The combinstion of exposure te current and instebility of send 'nln
is betioved raspensibie for restricting upstresm movement by insects
on sandy resches of Emereld Creek and other stresme having hesvy send
do’ooh.lon




State -

Weterbody

Fiynn Creek
(Lincoin County)

Deer Creek
(Lincoin County)

Needle Branch
(Lincoin County)

Nonpoint source

Forestry activities
(logging)

EPA REGIW 18 (continued)

il - T R e ST e Rt

lnpnct. on .quﬂ.ie Moh Source

Mansmenn snd ‘

Flynn Cresk watershed (not togged) Pot 7
nney, 1973

Fllementous sigse were never observed in the streem during the
sempling period. Pe nphy'.on sempling showed 3 dominsnt species In
19668; Achnanthes lan Cocconeis placentuls, snd Eunotis srcus.
In 1967, semples C. ghcontuln became ’m'hct more dominsnt., . ..

Deer Creok watershed (pastch cut)

Filamentous sigee were never observed in the streem during the ssmpling
period. Periphyton samp!ing showed the ssme 3 dominsnt species es in
Flynn Creek; A. lanceolats, C. plecentuls, ond €. arcus. A. lenceolsts
pro‘o-la.m in wintar and spring 1968 and C. plecentuls predomineted
in suwmer and fell. In 1967, seme genersl trend; however, E. arcus

was more sbundent.

Needte Brench watershed (clesrewt)

Abundant growth of Spheerotiivs nstens colonlzed al) svalleble mud
ond slash in the stresm. In the susmer, Chlorophyts formed s mat
over most of the pool srees. Specles Included Chlasmydomonas sp.,
Orapernaldie glomersts, Spiregyre graviiisens, snd Te
an Cysnophyts species Ansbaens sffinis end Osci!
emphibls.

Poriphyton ssmpling showed 4 specles were dominant In 1968,

A. lanceotste decressed In summer snd incressed in fell. (. placentyle
fotiowad & pattern similar to that of Deer Creek but ropidly declined in
Septeomber snd remeined there for the remeinder of the stud porlod.

C. placentuls wes replaced us o deminent species by Nitesc pelen In
August through October and Eunetis arcus I(n September and Octeber. In
1987, with incressing atresm tamperatures, C. placentyle bocm very
donlnont os did Synedre rumpens snd Achnanthes minytiesime.

Primery productivity of the clesrcut stresm was higher after fegging.

kcoM. inved) ‘



Stete

OR (con.)

Watarbody Nonpoint source

Flynn Creek--control
(Lincoin County)

Forestry activities
(logging)

Deer Creeak--
26% of watershed
fogged

(Lincoln County)

Needie Branch--

entirely cleercut
(Lincoln County)

EPA RECION 18 (continued)

Impacts on squastic biota

Sowrce

Water temperature of three saimon end trout streams in Oregon were
monitored for a period of 12 months beginning 2 yesrs sfter their
respective watersheds had been subjected to totsl clesrcutting,

staggered logging, snd no logging activities (control).

Intragravel

temperatures were monitored by thermogrephic probes buried 26 cm

deep in artificial end neturs! redds.

Intragrave! water wes sempled

through standpipes to determine oxygen concentrations.

Both mesn tempersture and die} fluctustions in tempersture within
the redd grevel increased in relation to the extent of spawning.

Mean surface temperstures between Janusry snd June were 9.9, ..5. and
7.6 °C for Needle Branch, Deer Cresk, and Filynn Creek, respectively,

Almost no temperature gradient existed

in the control stresm snd the

gradient in the partislly logged welershed stream was relatively smell.

Dissolved onygen concentration In redds of the clesrcut stresm ware
consistently lower then in the pertislly logged watershed stresm.
Needle Branch redda conteined 20% less 07 then Dear Creek.

An incresse in suspended sediment In the stream woter has been

documented for the clesrcut stresm.

Decresses in dissolved anygen in the clesrcut stresm were ovidently

ceused by increased levels of fine sediment in the grevel.

Nyton

fly trap collections of coho ssimon fry (Oncorhynchus kiswtch)
showed that survival to emergence was not seriously sffected by

chenges in the intregravel environment.

The populestion of resi-

dent cutthrost trout (Salmo clarki) has been reduced by 33X of its

pre-logging level.

The reduction has persisted through 8 yesrs

foliowing logging snd mey be relsted to the observed changes in

the intragreve! weter.

The difference in responses of the cutthrost end coho populstions
suggests thet seimonid species differ In their ability to withstend

on altered environment.

Ringler and
Hall, 1976




State

WA

Waterbody Nonpo l nt ’ourco

Urben runoff
(hosvy metais)

Lake Weshington

EPA REGI(N 10 (continu‘d)

.Source

lwocu on oqu.'.lc Inoh

Three sites were chosen for sempling; site SD (ﬂ.om drein), site CSO
(combined sewer overfiow) outfail, and s control site with no hesvy
metal inputs. The test crayfish, Pecifesticus leniuscylus were
plsced for 14 days st one of the three sites.

Highest tissue mercury levels ware found in sbdomine! muscle.
Cadmium concentrations were highest in the viscers.

Copper concentrations were highest in the viscers, followed by the
oxoskeleton and sbdomins! muscle.

Lead concentrations were highest In the exoskeleton followed by the
viscers.

Tissue lesd concentretions were significentiy fese in the femele In
muscle, exoskeleton and the whole body. There was no significant
difference between the storm drain and combined sewer overfiow site
cray fish,

Stinson snd
Eoton, 1983
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Titie: Patterns of Trace Metal Accumulation in Crayfish Populations
Autnor(s): R. V. Anderson and J. E. Brower
Publication date: 1978

Published by: Bulletin of Environmental Contamination and Toxicology,
20:120-127

Number of pages: 8 pp.

Report number(s): (Not applicable)

Available from: Bulletin of Environmental Contamination and Toxicology
Springer-Verlag New York, Inc.
175 Fifth Avenue
New York, NY 10010

Abstract:

The study of the occurrence and effects of heavy metals in aquatic sys-
tems has increased and an excellent review has been presented by Leland et al.
(1974). Much of the information available on freshwater invertebrates, how-
ever, deals with lethal concentrations or the determination of tolerance
limits. There are relatively few studies of heavy metals in freshwater inver-
tebrates from field studies, and these studies usually involve only a descrip-
tive survey of the metal concentrations (Mathis and Cummings, 1973; Namminga
et al., 1974; Anderson, 1977). Gale et al. (1973) reported concentrations of
Pb, Zn, Cu, Mn, and Cd in crayfish from Missouri's lead belt and indicated
some of the effects of the variation of these metals in the environment on
their concentration in organisms. Vermeer (1972), working with crayfish, and
Nehring (1976), working with insect nymphs, indicated these organisms could be
used in the field to monitor heavy metal inputs. Our study investigated
concentrations of Cd, Cu, Pb, and Zn in three populations of the crayfish,
Orconectes virilis (Hagen). Two of the populations were collected at the same
location but at sampling sites with different inputs of the trace metals. The
third population was from a site on the same river but where metal input was
Tow. These sites allowed an evaluation of the effects of different sublethal
environmental concentrations on accumulation and concentration of the metals
in crayfish. Various tissue concentrations from crayfish at the high input
site were also examined to determine if particular body parts were sites of
accumulation. ‘ ’

) Region 5: IL
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Title: Distribution of Cd, Cu, Pb, and Zn in the Biota of Two Freshwater
Sites with Different Trace Metal Inputs

Author({s): R. V. Anderson, W. S. Vinikour, and J. E. Brower
Publication date: 1978

Published by: Holarctic Ecology, 1:377-384

Number of pages: 8 pp.

Report number(s): (Not applicable)

Available from: Scandinavian Society 0ikos
Munksgaard
35 Noerre Soegade
DK-1370
Copenhagen K
Denmark

Abstract:

Concentrations of Cd, Cu, Pb, and Zn were determined in the abiotic and
biotic components at two Fox River sites in 111inois. Analysis of the metals
was completed on solutions of wet-ashed or dry-ashed samples with a single-
beam atomic absorption spectrophotometer. Despite different inputs of the
trace metals, no significant differences in the concentration of Cu or Zn
occurred in the biota between the two sites. This was postulated to be due to
physiological control of these metals. However, Cd and Pb concentrations were
higher in the biota and substrate at the high-input site. No accumulation of
Cd or Pb occurred at higher trophic levels. Cu and 2Zn concentrations were
similar for all biota with the exception of crayfish and snails, which had
higher Cu and Zn concentrations, respectively.

Region 5: [IL
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Title: Effects of3Urbanization on Stream Ecosystems
Author(s): A. C. Benke, G. E. Willeke, F. K. Parrish, and D. L. Stites

Publication date: Nevember 1981

Published by: School of Biology, Environmental Resources Center, Georgia
Institute of Technology

Number of pages: 64 pp.

Report number(s): ERC 07-81

Available from: School of Biology
Environmental Resources Center
Georgia Institute of Technology
Atlanta, GA 30332

Abstract:

The effects of urbanization on 21 stream ecosystems (with 1- to 3-mil
watersheds) were studied in the Atlanta area. Watersheds varied from 3 to
100% green space, from 0 to 98% residential-commercial, and with house densi-
ties from 0 to 941/mi¢. The primary index of stream quality was community
composition of aquatic macroinvertebrates. Two independent sampling methods
were used to assess their respective efficiencies: (1) modified Hester-Dendy
artificial substrate samplers, collecting all animals retained by a 0.3-mm
sieve, and (2) time-standardized qualitative collections made by two investi-
gators for 40 man-minutes.

Standard water chemistry measures showed little relationship to degree of
urbanization, although conductivity, hardness, and orthophosphate were some-
what higher in urbanized streams. None of the water chemistry parameters
indicated any major degree of polilution.

Using artificial substrate samplers, the mean number of species per samp-
ler varied across streams from 8.8 to 30; mean number of families from 3.8 to
16. However, species diversity varied only from 1.37 to 2.43. There was a
significant relationship between urbanization and number of species (and fami-
lies), but there was none with species (or family) diversity. The apparent
reason for the surprising lack of relationship between urbanization and diver-
sity was that even in undisturbed streams with a high number of species, a
very uneven distribution of species (resultlng from retention of-very abundant
species less than 4 mm in length) can result in _a low diversity value. Thus,

a diversity index appears to be less useful than simply considering number of
taxa when analyzing aquatic communities in which individuals vary in size
(biomass) by several orders of magnitude.

The. number of taxa qualitatively collected from each stream was reason-
ably consistent on three different dates (June, August, November). While
there was a methodological bias against collecting small animals, the mean

Region 4: GA
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Benke et al., 1981 (con.)

numpber of species collected per date varied across streams from 3 to 23.
There was a highly significant relationship between urbanization and number of
species (and number of families), suggesting that identifying animals to the

family level is sufficient in assessing differing degrees of stress in
streams.

Multivariate analyses were performed using numbers of families found in
each order as the variables. Cluster analysis helped distinguish three major
groups of streams: clean, intermediate, and degraded. Using these three
groupings, discriminant function analysis identified the orders Plecoptera,
Trichoptera, Ephemeroptera, and Coleoptera as the most discriminating vari-
ables. Discriminant analysis using urbanization parameters for these three
groups showed that high percentages of land in residential use, low per-
centages in green space, and high house densities were associated with
degraded streams.

Region 4: GA
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‘Title: Investigation of Acid Mine Drainage Effects on Reservoir Fishery
' ~Populations '

Author§s}£ A. Benson

Publication date: April 1976

Published by: West Virginia University

Number of pages: 145 pp.

Report number(s): EPA 600/2-76-107; PB-252-703

Available from: Bureau of Sports Fisheries and Wildlife
U.S. Department of the Interior
Washington, DC 20240

Industrial Environmental Research Laboratory
U.S. Environmental Protection Agency
Cincinnati, OH 45268

National Technical Information Service
5285 Port Royal Road
Springfield, VA 22161

Abstract:

A limnological, water quality and quantity and lake fluction, transpar-
ency, and ice cover study was made of the Tygart Lake, West Virginia, and its
tributaries. The watershed of this lake has been extensively mined for coal,
and acid mine drainage (AMD) is discharged throughout the area. The signifi-
cant sources of AMD were found to be the Tygart River and Sandy Creek. Net
changes in lake depth were 14-16 meters, and the maximum change 22 meters.
Transparency depth ranged from 0.1 m in December to 7.5 m in the summer. The
major factors related to the development of acidity gradients in Tygart Lake
were found to be (1) hydrological characteristics including inflow, outflow,
and the operational interaction between the inflow and outflow resulting in
storage or drawdown, (2) thermal relationships including the spring and the
winter thermal minimum, and (3) water chemistry, including the existing chemi-
cal stratification or its lack at the beginning of a seasonal period and the
chemical quality of inflow.
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Title: Transport of Granitic Sediment in Streams and Its Effect on Insects
and Fish

Author(s): T. C. Bjornn, M. A. Brusven, M, P. Molnau, J. H. Milligan,
R. A. Klant, E. Chacho, and C. Schaye

Publication date: September 1977

Published by: University of Idaho, College of Forestry, Wildlife and Range
Sciences

Number of pages: 43 pp.

Report number(s): Bulletin Number 17

Available from: Office of Water Research and Technology
U.S. Department of the Interior
Washington, DC 20240

Abstract:

We assessed the transport of granitic bedload sediment (<6.35 mm diam-
eter) in streams flowing through central Idaho mountain valleys and the
effects of the sediment on juvenile salmonids and aquatic insects. We meas-
ured bedload sediment transported in the streams during the spring snowmelt
runoff and the summer lowflow periods for 2 years to test the applicability of
the Meyer-Peter, Muller equation for estimating such transport. In both years
the streams transported all the sediment available, including that under the
armor layer of the stream bottom in the first year. The modified Meyer-Peter,
Muller equation proved accurate in estimating the transport capacity of such
streams using measurements of slope, hydraulic radius, and mean diameter of
streambed material.

In artificial stream channels, benthic insect density in fully sedimented
riffles (>2/3 cobble imbeddedness) was one-half that in unsedimented riffles,
but the abundance of drifting insects in the sedimented channels was not sig-
rnificantly smaller. In a natural stream riffle, benthic insects were 1.5
times more abundant in a plot cleaned of sediment, with mayflies and stone-
fites 4 and 8 times more abundant, respectively. Riffle beetles (Elmidae)
were more abundant in the uncleaned plot.

During both summer and winter, fewer fish remained in the artificial
stream channels where sediment was added to the pools. The interstices
between the large rocks in the.pools prov1ded essential cover.necessary to
maintain large densities of fish. Fish in sedimented channels exhibited hier-
archical behavior, while those in unsedimented channels were territorial in
behavior. In small natural pools (100 to 200 m2), a loss in pool volume or in
-area deaper than 0.3 m from additions of sediment .resulted in-a proportional
decrease jn fish numbers. W¥e did not, however, find sigmificant correlations -
between riffle sedimentation ard fish density in the two natural streams we
‘studied. Fish abundance was significantly correlated with insect drift’

Region 10: 1D
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Bjornn et al., 1977 (con.)

abundance in one stream, but not in the other. The amounts of sediment in the
two streams studied did not have an obvious adverse effect on the abundance of
fish or the insect drift on which they feed.

- Region 10: ID
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Title: DDT Residues: Distribution of Concentrations in Emerita
analoga (Stimpson) Along Coastal California

Author(s): R. Burnett
Publication date: 1971

Published by: Science, 174:606-608

Number of pages: 3 pp.

Report number(s): (Not applicable)

Available from: American Association for the Advancement of Science
1333 H Street, NW
Washington, DC 20005

Abstract:

The total concentrations (tDDT) of DDT [1,1,1-trichloro-2,2-bis(p-chlor-
ophenyl)ethane], DOD [1,1-dichloro-2,2-bis(p-chlorophenyl)ethane], and DDE
[1,1-dichloro-2,2-bis(p-chlorophenyl)ethylene] in Emerita analoga from 19
California beaches reflect tDODT contamination nearby. Animals near the Los
Angeles County sewer outfall contain over 45 times as much tDDT as animals
near major agricultural drainage areas. Sediments near the outfall probably
contain over 100 metric tons of tDDT—a reservoir for input into marine orga-
nisms. The effluent from a plant that manufactures DDT is a probable source.

Region 9: (A
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Title: Some Effects of Logging and Associated Road Construction on Northern
California Streams :

Autnor(s): J. W. Burns

Publication date: January 1972

Published by: Transactions of the American Fisheries Society, 101(1):1-17

Number of pages: 17 pp.

Report number(s): (Not applicable)

Available from: American Fisheries Society
5410 Grosvenor Lane
Suite 110
Bethesda, MD 20814

Abstract:

The effects of logging and associated road construction on four Cali-
fornia trout and salmon streams were investigated from 1966 through 1969.
This study included measurements of streambed sedimentation, water quality,
fish food abundance, and stream nursery capacity. Logging was found to be
compatible with anadromous fish production when adequate attention was given
to stream protection and channel clearance. The carrying capacities for juve-
nile salmonids of some stream sections were increased when high temperatures,
Jow dissolved oxygen concentrations, and adverse sedimentation did not accom-
pany the logging. Extensive use of bulldozers on steep slopes for road build-
ing and in stream channels during debris removal caused excessive streambed
sedimentation in narrow streams. Sustained logging prolonged adverse condi-
tions in one stream and delayed stream recovery. Other aspects of logging on
anadromous fish production on the Pacific Coast are discussed.
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Title: fish and Food Organisms in Acid Mine Waters of Pennsylvania

Author(s): R. L. Butler, E. L. Cooper, D. C. Hales, C. C. Wagner,
W. G. Kimmel, and J. K. Crawford

Publication date: February 1973

Published by: Department of Biology and Cooperative Fisheries Unit,
Pennsylvania State University

Number of pages: 157 pp.

Report number(s): EPA-R3-73-032; PB 221-515

Available from: National Technical Information Service
5285 Port Royal Road
Springfield, VA 22161

Abstract:

The three parts of this project relate respectively to the three objec-
tives: (1) to develop a rapid and nonlethal bioassay for acid water using
changes in utilization of cover and activity of fish, (2) to determine the
effect of different levels of acid mine drainage on the presence or absence of
fish populations in the watersheds of Pennsylvania, and (3) to determine the
median tolerance limits to low levels of pH of five aquatic insects chosen on
the basis of their wide occurrence and common association in soft-water
streams. Analysis of variance revealed there was no relationship between
cover utilization and pH levels or between activity and pH levels for four
species of fish (smallmouth bass, longnose dace, rock bass, and brook trout).
The failure of cover utilization and activity to reflect changes in water
quality conditions makes this bioassay technique as tested unsuitable for the
establishment of water quality criteria.

In part 11 of the project it was found that common fish species normally
distributed over several watersheds were absent where there was severe acid
mine drainage. Of the 116 species of fishes found, 10 species exhibited some
tolerance to acid mine drainage (values of pH 5.5 or less). An additional 38
species were found at pH values between 5.6 and 6.4, with the remaining 68
species at pH levels above 6.4. Severe degradation occurred at pH levels
between 4.5 and 5.6. » :

_ - In part 111 all five aquatic species survived exposure- for 4 days to pH

levels from 6.5 to 4.0. The 96-hour TLm values ranged from 3.31 for the most
sensitive animal, Stenonema sp., to 1.72 for the most tolerant insect,
Nigronia fasciata. ‘
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Title: Stress and Recovery of Aquétic.Organisms as Related to Highway
Construction Along Turtle Creek, Boone County, West Virginia

Author(s): J. L. Chisholm and S. C. Downs
Publication date: 1978

Published by: U.S. Department of the Interior, U.S. Geological Survey

Number of pages: 40 pp.

Report number(s): Geological Survey Water-Supply Paper 2055; Stock No. 024-
001-03045-4

Available from: U.S. Government Printing Office
Washington, DC 20402

Abstract:

During and after construction of Appalachian Corridor G (a divided, four-
lane highway), five benthic invertebrate samples were collected at each of
four sites on Turtle Creek, and, for comparative purposes, three samples were
collected at each of two sites on Lick Creek, an adjacent undisturbed stream.
Diversity index, generic count, and total count initially indicated severe
depletion or destruction of the benthos of Turtle Creek, but within 1 year
after highway construction was completed, the benthic community of Turtle
Creek was similar to that of Lick Creek. The greatest degradation occurred
near the headwaters of Turtle Creek because of erratic movement of sediment
resulting from high streamflow velocity. Diversity indices ranged from 0 to
3.41 near the headwaters in the original channel, but only from 0.94 to 2.42
farther downstream in a freshly cut channel. The final samples from Turtle
Creek, which were similar to those taken from Lick Creek at the same time, had
generic counts of 10 at the most upstream site and 16 near the mouth. A total
of 147 organisms was found near the headwaters, whereas a total of 668 was
found near the mouth of the stream. The total number of organisms collected
at each site was proportional to the drainage area upstream from the site. As
a result of tributary inflow from unaltered drainage areas and organism drift,
rapid repopulation and stabilization of the benthic community occurred. Chan-
nel relocation, bank recontouring, and reseeding also accelerated the recovery
of the benthic community.
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Title: Biological and Chemical Assessment of Nonpoint Source Population in
Georgia: Ridge-Valley and Sea Island Streams

Author(s): W. L. Cook, F. Parrish, J. D. Satterfield, W. G. Nolan, and
P. E. Gaffney

Publication date: November 1983

Published by: Georgia State University

Number of pages: 175 pp.

Report number(s): (Not applicable)

Available from: Department of Biology
Georgia State University
Atlanta, GA 30303

Abstract:

This report presents a portion of the Nonpoint Source Impact Assessment
Study of the State of Georgia. The goal of this study was to determine the
extent and magnitude of the impact of nonpoint sources of pollution on water
quality in Georgia. This report is mainly concerned with the influences of
nonpoint sources of pollution on changes in the biology and chemistry of
streams.

Two major physiographic regions of the State of Georgia were selected for
the study. Four streams in the Ridge and Valley Province (Cluster I) in
Northwestern Georgia representing streams near agriculture, forestry, and
urban activities were compared with a control stream. The Ridge and Valley
Province has weathered, leached, and acidic soils that have a low water perme-
ability. Steep slopes and soils with high clay content cause a high erodibil-
ity factor. Four other streams in the Sea Island Province (Cluster V) of
Southeastern Georgia were similarly compared. Streams in Sea Island Province
have low degree of slope, sandy soils, highly permeable soil, and acid soil
with a low erodibility potential.

Approximately twice monthly between 1981 and 1983, water in the streams
was measured for temperature, flow volume, ammonia, nitrite-nitrates, phos-
phorus, alkalinity, turbidity, color, conductivity, biological oxygen demand
(BOD), pH, total residue, total organic carbon, hardness, and most probable
number (MPN) fecal coliforms. Approximately-every quarter from 1981 to 1983,
the streams were measured for fecal coliforms (obtained by the MFC method),
trace metals in the stream, macroinvertebrates, periphyton, and fishes.
Measurement of trace metals in fish tissue was .also made.

In the Ridge and Valley Province, as well as the Sea Island Cluster, the
.urban stream was the most polluted, followed by the agricultural stream.
These streams differed the most biologically amd chemically from those condi-
tions present in the control streams. The high fecal coliform counts would
make the urban stream waters a potential biohazard.

Region 4: GA
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‘Cook et al.,.1983 (con.)

~ The forestry stream diverged the least from the conditions found in the
control streams. The northern forestry stream was most affected by deforesta-
tion, causing an increase in siltation and a drastic (although temporary)
shift in the biota. The nonporous clay soils, steep slope, and poor manage-
-ment of cutting, exacerbated the effects of deforestation. The forestry
stream in the southern part was not altered by deforestation because of good
management,. porous soil, and natural buffer zones.

This study-stressed the importance of comparing measurements to a control
streéam in the same physiographic region because physical, chemical, and bio-
logical parameters are not comparable in different geographical regions. For
example, the dissolved oxygen levels and pH values in the control stream in
North Georgia are closer numerically to those of the urban stream in South
Georgia than to the control stream in South Georgia. However, these differ-
ences are not indicative of differences in stream quality but rather in the
above parameters. Therefore, comparison of the two numerically would lead to
erroneous interpretations of the conditions of the stream.

Nonpoint source pollution is present in streams in the Ridge and Valley
Province. The high slopes and nonporous soil lead to rapid runoff of pollut-
ants into the stream. Nonpoint source pollution in the Sea Island Cluster was
directly proportional to the accessibility of the pollutants to the water.
Except for the area around the urban stream, natural buffer zones of vegeta-
tion and porous sandy soil will trap the majority of pollutants.
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Title: Short- and Long-Term Effects of Forest Spraying of Carbaryl
(Sevin-4-0i1 ) on Stream Invertebrates

Author..): D. L. Courtemanch and K. E. Gibbs
Publication date: 1980

Pub]ishéd by: Canadian Entomo1ogist. 112:271-276

~ Number of pages: - 6 pp.

- Report number(s): (Not applicable)

Available from: Entomological Society of Canada
1320 Carling Avenue
Ottawa K1Z 7K9
Ontario
Canada

Abstract:

The effect on stream invertebrates of carbaryl (Seven-4-o0il) applied at a
rate of 840 g A.1./ha for spruce budworm suppression in Maine was studied.
Three streams in each of three different treatment areas were monitored:
streams in areas sprayed with carbaryl for the first time, streams in arees
sprayed two consecutive years, and streams in unsprayed areas.

Initia) postspray response was an increase in drift up to 170x in treated
streams. Benthos samples showed significant declines among Plecoptera, Egpnem-
eroptera, and Trichoptera on subsequent sampling dates. Plecoptera did nct
repopulate any treated stream by 60 days after treatment. Streams treatec for
the second consecutive year had very low prespray Plecoptera populations com-
pared with those unexposed to carbaryl. Diptera, with the exception of Micro-
tendipes, and Oligochaeta were unaffected.
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Title: Strip Mine Drainage Aquatic Impact Assessment

Author(s): D. B. Cox, R. P. Betson, W. C: Barr, J. B. Crossman, and
R. J. Ruane '

Publication date: February 1979

" Published by: Division dt Natural Resources Services, Tennessee Valley
Authority

Number of pages: 85 pp.

Report number(s): EPA-600/7-79-036; TVA/ONR-79/11; PB80-133192

Available from: National Technical Information Service
5285 Port Royal Road
Springfield, VA 22161

Abstract:

This research program is aimed to demonstrate methodologies for predict-
ing the impact of strip mining on downstream biotic communities.

To accomplish this objective and provide data for model verification,
sampling programs were initiated at contour- and area-type mining operations.
These programs included streamflow and rainfall gaging at both types of mines
and surveys of fisheries, periphyton, and macrobenthos at area-mined sites.

Preliminary findings of these field studies indicate that: (1) drainages
from mined areas are alkaline rather than acid, and (2) calcium and magnesium
concentrations increase as a result of mining in almost every instance. Fur-
thermore, values for iron and sulfate increase in some areas, but not in
others, whereas values for trace metals are generally low in all areas. The
predominant fish in small Cumberland Plateau streams is the creek chub (Semo-
tilus atromaculatus), and its primary food source is aquatic invertebrates,
including midge larvae, springtails, and aquatic mites.

Several model components have been developed, including a water quality
model for nonpoint sources, a continuous streamflow model, and a storm hydro-
graph model. Other model components being developed or evaluated include
additional small-basin water quality models, water quality and quantity rout-
ing models, a low-trophic-level stream biota model, and a fisheries resource
model.

Region 4: TN
D-17 :



Title: Georgia Nonpoint Source Impact Assessment Study: Blue Ridge/Upland
Georgia Cluster, Piedmont Cluster, -and.Gulf Coastal Plain Cluster
(Final Project Report)

Author(s): CTA, Inc., Environmental and Energy Consultants

Publication date: November 1983

Published by:. State of Georgia

Number of pages: 314 pp.

Report number(s): (Not applicable)

Available from: Environmental Protection Division CTA, Inc.
Department of Natural Resources or 1955 Cliff valley Way,
State of Georgia NE, #220 -

Atlanta, GA 30029
Abstract:

The impacts of urban, agricultural, and forestry land uses on stream bio-
logical systems were assessed in the Blue Ridge/Upland Georgia, Piedmont, and
Gulf Coastal Plain areas. Fourteen primary sites were sampled over 10 sea-
sonal surveys from August 1981 through August 1983. Major study components
included habitat composition, conventional water quality analyses, macroinver-
tebrates, periphyton, fish, and pesticide/herbicide/metal contamination in the
sediments, water column, and fish tissues.

The results of the study indicated that impacts of land use were greatest
in the urban basins. Beneficial uses were impaired or denied in all three
urban basins. Fish communities were essentially absent in two basins and
reduced in the third. The indigenous macroinvertebrate community was altered
by the effects of land use and was replaced by a pollution-tolerant, faculta-
tive assemblage. The periphyton community structure of the urban basins was
highly dissimilar to the periphyton community of the control basins and was
dominated by species known to create taste and odor problems in water. Accu-
mulation of organic compounds and metals over background conditions was
observed in urban streams. Elevated coliform densities were also characteris-
tic of urban basins. Forestry activities had severe impacts associated with
sedimentation and hydrologic modifications and also had resultant habitat
alterations. Direct impacts of these alterations were the elimination or
drastic reduction of indigenous fish and macroinvertebrate species. The
degree of impact from forestry land uses was not as severe as impacts from
urban land uses. A wide range of impacts was documented in the agricultural
basins. The primary mechanisms of habitat alterations were by sedimentation,
removal of riparian vegetation, and hydrologic modifications. Elevated con-
centrations of metals were occasionally found. Beneficial uses were impaired
but not denied at any of the agricultural sites.
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Coupled with conventional water quality data, the extensive use of bio-
logical indicators provided an accurate measure of the extent of biotic commu-
nity alterations and other environmental damages due to land use activities.
The effects of Tand use activities were generally most pronounced in the Blue
Ridge/Upland Georgia Cluster, moderate in the Piedmont Cluster, and reduced in
the Gulf Coastal Plain Cluster. The reduction of discernible impacts in the
latter area was primarily due to the' naturally occurring low flows, low dis-
solved oxygen, and limited habitat diversity associated with the small coastal
plain streams. |
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Title: Phytoplankton Productivity of an Acidic Lake
Aqﬁhor{s): J. DeCosta and C. Preston.

Publication déte: 1980

Published by: Hydrobiologia, 70:39-49

Number of pages: 11 pp.

Report number(s): (Not applicable)

Available from: Kluwer Academic Publishers Group
Distribution Center '
P.0. Box 322, 3300 AH Dordrecht
The Netherlands

Abstract:

The phytoplankton productivity over 2 years in a lake heavily loaded by
acid mine drainage was very low. Algal assays indicated that below pH 5.5 the
water, if buffered and fertilized with phosphorus, resulted in log growth.
Above pH 5.5 algal log growth could be induced with phosphorus addition only.
However, an in situ bag experiment was done in the lake and immediate bloom
conditions of the indigenous algae resulted from phosphorus addition only,
despite pH values below 5.
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Title: Herbicides in Kansas Waters—Evaluations of the Effects of
Agricultural Runoff and Aquatic Weed Control on Aquatic food
Chains

Author(s): F. déNoyelles and 0. Kettle

Publication date: December 1980

Published by: Kansas Water Resources Research Institute

Number of pages: 38 pp.
Report number(s); W8206304 OWRTA-092-Kan(l); PB82-256504

Available from: Office of Water Research and Technology
U.S. Department of the Interior
Washington, DC 20240

National Technical Information Service
5285 Port Royal Road
Springfield, VA 22161

Abstract:

Experimental ponds were used to study the effects of an agricultural
herbicide on aquatic food chains. Atrazine, one of the most heavily used
herbicides in Midwest agriculture, was added to ponds and the ensuing
responses were followed through 4 months. With single 20-pg/L and 500-ug/L
additions to the ponds, effects were recorded throughout the food chain.

After 1 day of exposure, rates of phytoplankton photosynthesis declined at
both levels, with the higher level causing an almost complete inhibition.
Phytoplankton succession was altered within a few days at both levels, with
resistant species increasing in abundance. The actual resistance of these
species to atrazine, which is known to be a photosynthetic inhibitor affecting
a wide variety of plants, was verified in the laboratory. The grazing zoo-
plankton were also affected within the first few weeks of exposure as their
phytoplankton food source was altered. The growth of aquatic flowering plants
was also reduced at both levels. Some members of the aquatic food chain were
unaffected, particularly the benthic insects, although effects were recorded
at the highest level of these food chains, the fish. Of the three types of
fish (bluegill sunfish, channel catfish, gizzard shad) originally stocked in
the ponds, all survived but with reduced growth at the 500-sg/L level. The
only fish to reproduce in the ponds, bluegill sunfish, showed greatly reduced
numbers of progeny at both levels. The concentrations of atrazine in the
ponds were monitored, showing its persistence with 75% of the original concen-
tration present after 114 days. In Midwest waters concentrations of 500 ug/L
are recorded in waters directly associated with agricultural operations, such
as irrigation waters, while 20 pg/L is at the high extreme of concentrations
found more widespread. Though data from monitoring atrazine concentrations in
natural habitats are sparce, 1 wg/L to 5 ug/L seem common in many Midwest
waters. In labaratory experiments with these more common concentrations, we
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also demonstrated reductions in phytoplankton photosynthesis. This indicates
the possibility, awaiting further demonstration, that even at common concen-
trations atrazine may be affecting phytoplankton photosynthesis in many Mid-
west waters. Other herbicides studied in this project included five other
triazine herbicides (propazine, metribuzin, terbutryn, cyanazine, simazine),
which in the laboratory were similar to atrazine in the intensity of reducing
phytoplankton photosynthesis. In the state of Kansas triazine herbicides
accounted for one-third of the total herbicide usage in 1978.
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‘Fitier—Water Quality Degradation in Urban Streams of-the Southeast: Will
Non-Point Source Controls Make Any Difference? In: Proceedings of
the International Symposium on Urban Storm Runoff (University of
Kentucky, Lexington, KY, July 23-26), pp. 151-159.

Author(s): A. M. Duda, D. R. Lenat, and D. Penrose

Publication date: 1979

k . .
Published by: North Carolina Division of Environmental Management

Number of pages: 9 pp.

Report number(s): (Not applicable)

Available from: North Carolina Department of Natural Resources and
Community Development
Division of Environmental Management
512 North Salisbury Street
Raleigh, NC 27611

Abstract:

A methodology is presented for using aquatic biological monitoring to
assess whether the water quality impact of urban stormwater runoff is severe
enough to warrant abatement. Sampling was conducted in seven urban streams 1n
four North Carolina cities.

Biological communities indicative of grossly degraded water quality were
found in each urban steam reach compared to upstream or adjacent rural control
stations. Traditional measurements of water chemistry were compared to the
biological results.

Observations were made concerning the sources of water pollution in the
seven urban watersheds. While no major point sources were known to exist,
numerous unrecorded sources of pollution--other than urban washoff--may have
contributed to the problem.

Three general types of urban streams were identified: the inner city
stream, the suburban stream, and the receiving stream. If enough funding was
expended, biological integrity might be restored to suburban and receiving
streams. However, the cost of discovering unrecorded urban sources of pollu-
tion through monitoring and the economic (and political) costs of requiring
pollution abatement may make the restoration of biological integrity an unat-
tainable goal in inner-city urban streams.
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Title: Effects of Highwav Runoff on Receiving Waters, Volume II—Research

Report
Author(s): T Dupuis, J. Kaster, P. Bertram, J. Meyer, M. Smith, and
- N. Kobriger '

Publication date: August 1985

Published by: Rexnord, Inc.

Number of pages: 406 pp.

Report number(s): FHWA/RD-84/063, Volume II—Research Report; PB86-228202

Available from: National Technical Information Service
5285 Port Royal Road
Springfield, VA 22161

Abstract:

Results of comprehensive field monitoring programs &t three sites are
reported in this volume. One stream site (Wl Hwy 15/Sugar Creek) and one lake
site (1-94/Lower Nemahbin Lake) were located in southeastern Wisconsin. The
thir? site (1-85/Sevenmile Creek) was located in the Piedmont region of North
Carolina.

Monitoring at each site was conducted for 1 year. The scope of these
programs included meteorological and hydrological monitoring, runoff, and
receiving water quality sampling during both dry and wet weather, and sedi-
ment, benthic macroinvertebrate, and macrophyte sampling.

The results of extensive bioassay testing are also included in this
volume. Runoff sampies from both urban and rural highways were used with a
variety of test organisms.
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-Title: Effects of Methoxychlor on Riffle Tnvertebrate Populations and .
) Communities i

Author(s): P. J. Eisele and R. Hartung

Publication date: 1976

Published by: Transactions of the American Fisheries Society, 105(5):528-633

Number of pages: A6 Pp.

Report number(s): (Not applicable)

Available from: American Fisheries Society
5410 Grosvenor Lane
Suite 110
Bethesda, MD 20814

Abstract:

A study was conducted to evaluate the chronic effects of a toxicant on
interacting stream invertebrate populations in the Raisin River, MI. The
study involved the continuous dosing of a small stream at 0.2 pg/L methox-
ychlor for over 1 year. Invertebrate populations were monitored by artificial
substrate and bottom sample collections of riffle invertebrates.

Most invertebrate populations experienced some reduction due to the
stream dosing. Some taxa (baetids and plecopterans) were affected as
reflected by population reductions in dosed areas. Many taxa (hydropsychids,
simulids, and aeschnids) were temporarily affected, experiencing initial popu-
lation reductions in dosed areas but then recovering to control levels. OQOther
taxa (chironomids and elmids) were not affected by the pesticide dosing.

The riffle invertebrate community colonizing artificial substrates expe-
rienced a temporary decrease in diversity through both reduced richness and
evenness. Diversity was not decreased in bottom sample collections. [n gen-
eral, most long-term effects were minor in comparison to naturally occurring
phenomena such as flooding.
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Title: Evaluation of Streamside Bufferstrips for Protecting Aquatic
Organisms ,

Authcr(s): D. C. Erman, J. D. Newbold, and K. B. Roby

Publication date: September 1977

Published by: California Water Resources Center

Number of pages: 48 pp.

Report number(s): Contribution No. 165

“Available from: California Water Resources Center
University of California
Davis, CA 95616

Abstract:

An evaluation of logging impacts on streams was based on an extensive
survey during 1975 of 62 northern California streams. Streams had been:
(1) logged without stream protection measures, (2) logged with protective
bufferstrips, (3) affected by localized disturbances (such as logging road
stream crossings), or (4) were unaffected streams.

Benthic invertebrate communities of disturbed and undisturbed streams
were compared by diversity index and ecological distance. Benthic inverte-
brate communities from streams logged without protective measures were signif-
icantly different from communities of unlogged (control) streams based on both
diversity and ecological distance. Logging impacts were detected also in
streams with buffer widths of less than approximately 30 m. Streams with
bufferstrips wider than 30 m did not display logging impacts. There was a
direct correlation between increases in an index of diversity and increases in
buffer width, and hence probably the degree of stream protection increased
with buffer widths up to 30 m.

Invertebrate communities of logged or disturbed streams had a lower
diversity index and higher populations than unlogged streams. Increased popu-
lations were primarily in three taxa--Baetis, Nemoura, and Chironomidae.

Communities in localized disturbances were significantly different from
control stream sections. The differences were qualitative (i.e., different
taxa) and thus contrast with the differences noted in logged or narrow buf-
fered streams.

Stream invertebrates were far more effective in discerning logging
impacts than the physical and chemical parameters measured. Variation among
watersheds and sampling error contributed to the failure of physical or chemi-
cal measures to detect logging impacts. Measurements of over 20 environmental
variables from the streams are included, and give an excellent catalogue of
both disturbed and natural stream conditions in northern California.
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Title:

(Ephemeroptera)

Author(s):

Publication date: -

S. B.

Published by:

Oikos,

Fiance
1978
31:332-339

~Number- of pages:

Report number(s):

8 pp.

(Not applicable)

Effects of pH on the Biology and Distribution of Ephiemerella funeralis

Available from: Scandinavian Society Qikos
Munksgaard

35 Noerre Soegade

DK-1370

Copenhagen K

Denmark

Abstract:

The Tife history, emergence, sex ratio, fecundity, food habits, microhab-
itat, distributional pattern, and effects of experimental acidification on the
emergence, growth, and recruitment of Ephemerella (Eurylophella) funeralis
McD. are reported. E. funeralis is the only member of the Ephemerellidae yet
known to have a 2-year Tife cycle. Emergence of adults was recorded from 1
June to 11 July in the Hubbard Brook watershed. tLarval sex ratio from all -
study sites was approximately one male for every eight females. Sex ratio of
adults was found to be site dependent, with males increasing in representation
as stream size decreased. The average number of eggs per female was 1,853 +
S.E. 87. Facultative parthenogenesis is indicated by the successful deve]op-
ment of 53% of 381 eggs taken from an unmated female subimago. Larvae were
found in accumulations of organic matter in slower flowing portions of streams
and also in permanent woodland pools. Gut contents of larvae were predomi-
nantly composed of detritus and decomposing higher plant matter, especially
leaves and fungal growth of submerged wood. E. funeralis appears to decrease
in abundance with decreasing stream pH and decreasing organic matter. The
experimental acidification of Norris Brook [New Hampshire] had no effect on
the emergence of adults but caused a decrease in growth and nearly eliminated
recruitment of the new cohort. A direct relationship between pH and the abun-
dance of E. funeralis in the Hubbard Brook watershed is indicated by the
results,
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Title: - Aquatic Organisms and Heavy Metals in Missouri's New Lead Belt _
Author(s): N. L, Gale, B. G. Niison, M. G. Hardie, and J. C. Jennett
Publication date: August 1973

Published by: Water Resources Bulletin, 9(4):673-688

Number of pages: 16 pp.

Report numberj;): (Not applicable)

Available from: American Water Resources Association
' 4104 Ohms Lane, Suite 203
Minneapolis, MN 55435

Abstract:

The New Lead Belt of southeastern Missouri has recently become the larg-
est lead-producing region of the world. The impact of this rapid development
on the previously rural and undeveloped region of the Missouri Qzarks is the
subject of a continuing interdisciplinary study. Since the industrial devel-
opment began, there have been a number of nuisance biological blooms in sev-
eral of the small streams receiving effluent from the mines and mills. The
major constituents of the problem algal growth were identified and found to
include: Cladophora, Oscillatoria, Mougeotia, Zygnema, Spirogyra, Cymbella,
and a variety of other stalked and nonstalked diatoms. Secondary blooms of
Sphaerotilus were observed to reach problem proportions in some streams, par-
ticularly in the autumn. Finely ground rock flour and mineral particles
escaping from tailings dams were found to be trapped by the stream vegetation.
Concentrations of lead, zinc, copper, and manganese in the algal and bacterial
mats were found to be inversely related to distance downstream from the tail-
ings dams. Consumer organisms, including crayfish, snails, aquatic insects,
tadpoles, minnows, and larger sunfish were analyzed to determine the extent of
dissemination and concentration of the heavy metals through food chains. Pre-
liminary results indicated insignificant concentrations of heavy metals in
those consumer organisms studied, though in at least one problem stream the
normal consumer organisms mentioned were markedly reduced in numbers.
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Title: Effects of Agricu]turé on Stream-Fauna in Central Indiana

Author(s): J. R. Gammon, M. D. Johnson, C..E. Mays, D. A. Schiappa,
W. L. Fisher, and B. L. Pearman - : ;

Publication date: April 1983

Published by: Department of Zoology, DePauw University

Number of pages: 87 pp.

Report number(s): EPA-600/3-83-020; PB83-188755

Available from: Environmental Research Laboratory
Office of Research and Development
U.S. Environmental Protection Agency
Corvallis, OR 97333

National Technical Information Service
5285 Port Royal Road
Springfield, VA 22161

Abstract:

From 1978 through 1980 the benthic macroinvertebrate and fish communities
of three stream systems in Central Indiana were examined. The objective of
this study was to describe the organization of these communities in relation
to different land uses. The influence of agriculture on the 14 stream seg-
ments ranged from virtually none to intense, and included some drainage from
animal feed lots. The results of the study suggest the pattern of change
caused by the increasing development of agriculture in small watershed
streams. Initially agriculture may lead to an expanded biomass of fish and
macroinvertebrates without causing a large compositional reorganization.
However, chironomids assume a dominant role for the macroinvertebrates, while
other benthic groups become secondary in importance. These benthic changes
appear to occur without strongly influencing the fish community, except for an
increase in standing crop. Further development of agricultural stresses
causes a sudden, pronounced shift in the composition of the fish community.
Communities dominated by insectivores and piscivores (centrarchids in these
streams) are converted to communities dominated by omnivores, herbivores, and
detritivores. This alteration may occur with little or no change in standing
crop biomass. At this stage the density of nonchironomid insect larvae
becomes reduced. The near-stream riparian part of the watershed is vital to
the maintenance of healthy agquatic communities, acting as a buffer between
plowed fields and farm animals and the aquatic system.
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Title: Distribution of Benthic Macrecinvertebrates in a Stream Exposed to
Urban Runoff :

Author(s): H. L. Garie and A. Mcintosh

Publication date: 1986

‘Published by: Water Resources Bulletin, 22(3):447-455

Number of pages: 9 pp.

Report number(g): (Not applicable)

Available from: American Water Resources Association
4104 Ohms Lane, Suite 203
Minneapolis, MN 55435

Abstract:

A study of benthic macroinvertebrate community composition was conducted
at eight sites along Shabakunk Creek, a small stream in Mercer County, New
Jersey, which receives urban runoff. The relationship between changes in
substrate composition and the nature of the benthic macroinvertebrate commu-
nity has been examined. Organisms were collected seasonally from natural
substrates in riffles. Attempts to employ artificial substrates for inverte-
brate collection proved unsuccessful, because the population on the samplers
was not representative of that in the stream bed.

Number of total benthic macroinvertebrate taxa collected declined from 13
in relatively undeveloped upstream areas to 4 below heavily developed areas,
while population density decreased simultaneously in the same areas. Periphy-
ton samples collected from natural substrates were analyzed for selected heavy
metals. Significantly higher heavy metal concentrations are reported from
substrates sampled below heavily developed areas, and changes in these vatues
are discussed with regard to changes in benthic macroinvertebrate distribu-
tion.
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Title: Effect of an Aerial Application of Carbaryl on Brook Trout
(Salvelinus fontinalis) )

Author(s): T. A. Haines

Publication date: 1981

Published by: Bulletin of Environmental Contamination and Toxicology,
27:534-542 N '

Number of pages: 9 pp.

Report number(s): (Not applicable)

Available from: Bulletin of Environmental Contamination and Toxicology
Springer-Verlag New York, Inc.
175 Fifth Avenue
New York, NY 10010

Abstract:

The eastern spruce budworm (Choristoneura fumiferana) is a serious eco-
nomic pest in the spruce-fir forests of northeastern North America. In the
United States the major problem area is northern and western Maine. From 1954
to 1979, 6 different major chemicals and at least 21 experimental chemicals
were applied on up to 3.5 million acres annually in attempts to control the
budworm. The early use of DOT for this purpose caused extensive losses of
Atlantic salmon (Salmo salar L.) and brook trout (Salvelinus fontinalis
Mitchill) (Kerswill, 1967). Consequently, DDT was replaced by carbamate or
organophosphorus compounds. Use of these compounds has not resulted in visi-
ble fish mortalities (Kerswill and Edwards, 1969), but sublethal effects may
occur.

From 1975 to 1980 the most widely used chemical for spruce budworm con-
trol in Maine was a carbamate, carbaryl (Sevin-4-0il1), usually applied at the
rate of 1 1b of active ingredient (A.I.) per acre. Such applications have
been shown to increase downstream drift of aquatic invertebrates, and depress
population densities of some species of aquatic invertebrates (Courtemanch and
Gibbs, 1978) and to depress brain acetylcholinesterase (AChE) activity in fish
(Hulbert, 1978: Marancik, 1976). In the present study an experimental area
was established in which the carbaryl was applied at the rate of 0.5 1b
A.l1./acre in two applications spaced 7 days apart. The study was conducted to
evaluate the effect of this split application on brook trout mortality, condi-
tion factor, food, and brain AChE activity.
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Title: Effects—of Logging on Periphyton in Coastal Streams of Oregon
Author(s): E. W. Hansmann and H. K. Phinney 7
Publication date: 1973

Published by: Ecology, 54(1):194-199

Number of pages: 6 pp.

Report number(s): (Not applicable)

Available from: Allen Press, Inc.

: 1041 New Hampshire Street
P.0. Box 368
Lawrence, KS 66044

Abstract:

Changes in the stream algal flora were observed during a multidiscipli-
nary logging study of small watersheds in Oregon. C(learcut logging was
applied to one watershed of 71 ha, while a second watershed of 304 ha was
patchcut, leaving a buffer-strip of vegetation along the stream channel. A
third watershed of 203 ha was not logged but remained as a control. Prelog-
ging and postlogging oxygen levels, temperature, and sedimentation loads were
analyzed. Access roads were built in 1963, and logging was completed in 1966.

Analysis of the algal communities of the three watershed streams prior to
the logging operation of 1966 indicated that the communities were predomi-
nantly a periphyton type composed mainly of diatoms. Immediately following
the yarding operation of the clearcut watershed, large quantities of Sphaero-
tilus natans colonized all debris and mud in the stream, and a change in the
algal flora appeared to take place. Large mats of green algae were observed
colonizing all mud and slash. Results from gass substrates indicate that some
changes may have taken place in the diatom community.
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Title: Environmental Influences on Early Development and Year-Class Strength
of Northern Pike in Lakes Oahe and Sharpe, South Dakota

Author(s): T. J. Hassler
Publication date: 1970

-Published by: Transactions of the American Fisheries Soc1ety, 2:369-375

Number of pages: 7 pp.

Report number(s): (Not applicable)

Available from: American Fisheries Society
5410 Grosvenor Lane
Suite 110
Bethesda, MD 20814

Abstract:

Survival of artifically fertilized ova and larvae of northern pike (Esox
lucius) was estimated from embryos held in natural spawning areas in Lake Oahe
and Lake Sharpe, two main stem Missouri River reservoirs. Mortalities
approaching 100% during early embryonic development were associated with sud-
den drops in water temperature below 10 °C or prolonged temperatures near
5°C. Silt deposition of 1.0 mm per day was associated with mortality of 97%
or above. After hatching, available food appeared to be a more 1mportant
factor in survival than temperature change or silt deposition.

Estimates of year-class strength of northern pike in the two reservoirs
suggest that large year classes were associated with stable to rising water
level and temperature, flooded vegetation, and calm weather during the spawn-
ing season. Small year classes have been associated with abrupt water temper-
ature fluctuations, dropping water level, and high silt deposits.
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T:tle: Influence of Sand in Redds on Survival and Emergence of Brook Trout
(Salvelinus fontinalis)

Author(s): D. A. Hausle and D. W. Coble

Publication date: 1976

Published by: Transactions of the American Fisheries Society, 15(1);57-63

Number of pages: 7 pp.

Report nﬁmber(sl: (Not applicable)

Available from: American Fisheries Society .
5410 Grosvenaor Lane
Suite 110
Bethesda, MD 20814

Abstract:

Alevins of brook trout {Salvelinus fontinalis) were buried in laboratory
troughs in spawning gravel containing O to 25% sand. Sand slowed emergence
and reduced the number of fry emerging. Weight of fry was not related to
proportion of sand in the gravel, but was related to time; the fry were heavi-
est near the time of peak emergence and lighter before and after the peak.
Survival was estimated to be 84% from egg deposition to hatching for brook
trout in Lawrence Creek, Wisconsin, and 70% from hatching to emergence, pro-
viding a total estimate for survival from egg deposition to emergence of 59%.

r
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Title: Acid Rock in the Great Smokies: Unanticipated Impact on Aquatit
Biota of Road Construction in Regions of Sulfide Mineralization™

Author(s): J. W. Huckabee, C. P. Goodyear, and R. D. Jones-

Publication date: 1975

Published by: Transactions of the Américan Fisheries Sociéty. 104:677-684

Number of pages: 8 pp.

Report number(s): (Not applicable)

Available from: American Fisheries Society
5410 Grosvenor Lane
Suite 110
Bethesda, MD 20814

Abstract:

After the completion of a highway construction project in Great Smoky
Mountains National Park (North Carolina) in 1963, a fish kill was noted in a
small stream draining an area of roadbed fill. After 10 years, the stream
remained devoid of fish for at least 8 km downstream from the fill. The down-
stream water had a pH of 4.5 to 5.9; upstream from the fill the pH was 6.5 to
7.0. The rock material in the fill contains iron sulfide minerals. Other
streams in the area flowing on the sulfide-rich rocks also showed low pH val-
ues. Survivability tests and stream surveys showed that brook trout cannot
tolerate conditions in the stream below the road fill or in a stream flowing
over natural outcrops of the same rock used in construction of the road fill.
Native salamanders were also adversely affected downstream from the road fill.
Chemical analyses of stream water and leaching tests indicated that lowered pH
and increased sulfate and metals concentrations derived from the leaching of
the sulfide-rich rocks were responsible for the trout and salamander mortali-
ties.
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Title: Mattawamkeag River Studies, I1]1. Effects of Sevin, .a Spruce Budworm
‘ Insecticide on Fish and Invertebrates in the Mattawamkeag River in
1976

Author(s): P._J. Hulbert

Publication date: Deéember 1977

Published by: Department of Zoology, University of Maine

Number of pages: 29 pp.
Report number(s): FWS Contract 14-16-008-842, Final Report

Available from: University of Maine
' Migratory Fish Research Institute and Maine
Cooperative Fishery Research Unit
Orono, ME 04473

Abstract:

Aerial applications of insecticides have been periodically employed over
the last two decades to limit damage inflicted by the spruce budworm (Choris-
toneura fumiferana) on spruce-fir forests in Maine. Although overall impacts
are coorly understood, investigations into some of the effects of these pesti-
cides on nontarget fauna, including fish and stream macroinvertebrates, have
been accompiished. Effects of DDT applications on brook trout growth and
abundance in six streams were reported by Warner and Fenderson (1962). More
recently, pesticides that are less persistent and less toxic to fish have been
used in Maine. Marancik (1976) examined the effects of several pesticides,
including Sevin-4-0i1, on brain acetyicholinesterase activity levels in seve-
ral fish species.

In 1976, headwater areas of the East and West Branches of the Mattawam-
keag River were included in the Maine Bureau of Forestry's 9-million-hectare
operational spruce budworm control program. The insecticide Sevin-4 was pre-
pared at 0.84 kg/ha, diluted with kerosene, and sprayed from aircraft at
2.25 L/ha. Sevin-4-0i1 was the principal pesticide used in the operational
spray program. The Mattawamkeag River system was being studied as potential
habitat for anadromous Atlantic salmon. The overlapping of the spruce budworm
control program with headwater areas of the Mattawamkeag River provided the
impetus for a separate investigation into some effects of the pesticide appli-
cation on fish populations. The principal objectives of this study were:

(1) To determine background pesticide residue concentrations in
prespray fish samples.

(2) To determine changes in brain acetylcholinesterase levels over
an extended postspray period in several fish species.
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(3) To compare growth of salmanids in sprayed and unsprayed streams
during the summer.

(4) To determine if major changes in macroinvertebrate fish food
populations occurred after pesticide application.
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~ _Title: The Effects of Muddy Creek on the Biology of the Lower Sun River
Author(s): G. L. Ingman, E. E. Weber, and L. L. Bahls

Publication date: January 1984

Published by: Water bua]ity Bureau, Montana Department of Health and
Environmental Sciences,

Number of pages: 74 pp.

Report number(s): (Not-available)

Available from: Water Quality Bureau
' Environmental Sciences Division
Montana Department of Health
and Environmental Sciences
Cogswell Building
Helena, MT 59620

Abstract:

Muddy Creek is Montana's worst water quality problem. Every year Muddy
Creek dumps more than 200,000 tons of sediment and nutrients into the Sun and
Missouri rivers west of Great Falls, Montana. The extremely high sediment and
nutrient production of Muddy Creek is attributed to accelerated channel ero-
sion caused by hydraulic overloading from unused irrigation water and return
flows from the Greenfields Irrigation District.

In September and October of 1980 the Water Quality Bureau, Montana
Department of Health and Environmental Sciences, conducted a comprehensive
assessment of the impacts of Muddy Creek silt and nutrients on water quality
and aquatic life in the Sun River. The study was designed to (1) determine
the nature and severity of impacts on Sun River biology, (2) determine the
downstream extent of biological impairment in the Sun River, and (3) establish
Muddy Creek as the cause of impairment.

Samples were collected at one station above and three stations below
Muddy Creek over a 5-week period. Measurements were made of 22 water quality
and biological variables in five areas: suspended solids and water clarity,
concentrations of algal nutrients, periphyton (algae) production, periphyton
community structure, and macroinvertebrate (insect) community structure, all
on artificial substrates. Standard methods and procedures sanctioned by the
U.S. Environmental Protection Agency were used throughout the study.

Concentrations of sediment and nutrients in the Sun River below Muddy
Creek were two to nine times higher than they were above the confluence, and
water clarity below was less than a quarter of what it was above Muddy Creek.
The attenuation of light by particles of sediment practically curtailed the
growth of algae on the bottom of the Sun River for a short distance below its
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confluence with Muddy Creek. As current velocity slowed, most of the.sediment
settled and the water cleared at the station farthest downstream, 11.7 mi
below Muddy Creek. Here algae productton recovered and surpassed that meas-
ured at the control station 2.1 mi above the confluence of the Sun River and
Muddy Creek, presumably because of nutrient enrichment from Muddy Creek.
Nutrient lov1ng blue-green algae were much more common below Muddy Creek than

they were above.

The Muddy Creek sediment plume initially reduced the number of fish food
(macroinvertebrate) organisms colonizing artificial substrates in the Sun
River by almost 85%. Like the algae, the macroinvertebrates also recovered,
and at the station farthest downstream numbers surpassed those recorded
upstream from Muddy Creek. However, suitable natural substrates for both
algae and invertebrates may be 1imited in the lower Sun River.

Measures of diatom and macroinvertebrate diversity in the Sun River
proved to be unreliable as indicators of the biological impact of the princi-
pal pollutants contained in the Muddy Creek plume, namely sediment and inor-
ganic nutrients. Computed for both diatoms and macroinvertebrates, Shannon's
diversity index (d) and equitability (e) indicated that the cleanest, least
polluted water was to be found in the Sun River at the station just below its
confluence with Muddy Creek. These findings point out the danger in relying
on biological diversity alone as a measure of water quality.

Based on the findings of this study, the Sun River is not likely to sup-
port a good fishery for the first 2.0 mi below Muddy Creek. Ouring the peak
of the irrigation season when the sediment contribution of Muddy Creek is much
larger, conditions for aquatic life will be worse, at times extending the
impact zone all the way to the Missouri River at Great Falls.
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- TJitle: Water Quality and Benthic Macroinvertebrate Survey of the Mimbres
- River, March 14 and July 9-10, 1984

Author(s): G. Z. Jacobi and D. U. Potter

Publication date: October 1984

Published by: New Mexico Environmental Improvement Division

Number of pages: 21 pp.

Report number(s): EID/SWQ-84/6

Available from: - Surveillance and Standards Section
 Surface Water Quality Bureau
New Mexico Environmental Improvement Division
P.0. Box 968
Harold Runnels Building
1190 St. Francis Drive
Santa Fe, NM 87504-0968

Abstract:

The Surveillance and Standards Section conducted a 1-day reconnaissance
survey in March and a 2-day intensive survey in July on the Mimbres River in
Grant County, New Mexico. The study area encompassed a 20-mi reach of the
upper Mimbres River beginning 1 mi downstream from San Lorenzo on private land
and extending to 1/2 mi upstream from Cooney Campground in the Gila National
Forest. Water quality and biological data were collected in order to:

(1) examine water quality problems reported by the New Mexico Water Quality
Control Commission (1982), (2) determine if designated instream uses such as
fisheries could be limited by water quality (NMWQCC, 1975), and (3) determine
if the present fishery-use designation of the Mimbres River upstream from the
town of Mimbres (i.e., high quality coldwater fishery) is appropriate (NMWQCC,
1981). Significant instream water quality violations have been observed for
temperature, total phosphorus, pH, organic carbon, and fecal coliform bacteria
concentrations at the U.S. Geological Survey gaging station east of the town
of Mimbres (NMWQCC, 1982).
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Title: Fish Communities of Midwestern Rivers: A History of Degradation
Author(s): J. R. Karr, L. A. Toth, and 0. R. Dudley
Publication date: 1985

Published by: BioScience, 35(2):90-95

Number of pages: 6 pp.

Report number(s): (Not applicable)

Available from: Allen Press, Inc.
' 1041 New Hampshire Street
P.0. Box 368
Lawrence, KS 66044

Abstract:

As human populations have grown, water resource quality has declined.
Since 1850, 67% of the fish species from the Illinois River and 44% from the
Maumee River have become less abundant or have disappeared. Reversing such
trends demands innovative approaches to water resource management.
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Title: Decline of Submerged-Vascular Plants in Upper Chesapeake Bay:
Summary of Results Concerning Possible Causes

Author(s): W. M. Kemp,-R. R. Twilley;-d. C. Stevenson, W. R. Boynton, and
J. C. Means : ’

Publication date: 1983

Published by: Journal of the Marine Technology Society, 17(2):78-89

Number of pages: 12 pp.
Report number(s):. (Not applicable)

Available from: Allen Press, Inc.
' 1041 New Hampshire Street
P.0. Box 368
Lawrence, KS 66044

Abstract:

This paper provides a summary and synthesis of research conducted to
investigate possible causes of the decline in abundance of submerged aquatic
vegetation (SAV) in upper Chesapeake Bay beginning in the late 1960s. Three
factors were emphasized in this study: runoff of agricultural herbicides;
erosional inputs of fine-grain sediments; nutrient enrichment and associated
algal growth. Widespread use of herbicides in the estuarine watershed
occurred contemporaneous with the SAV loss; however, extensive sampling of
estuarine water and sediments during 1980 and 1981 revealed that typical bay
concentrations of herbicides (primarily atrazine) rarely exceeded 2 ppb. On
two occasions relatively high values (20-45 ppb) were observed for brief (2-
to 4-h) periods in a small cove following runoff events. Short (2- to 6-h)
and long (4- to 6-wk) term experiments indicated that ephemeral phytotoxic
effects would be expected in response to these highest herbicide concentra-
tions followed by rapid recovery. However, normal concentrations (<5 ppb) had
little measurable effect .on plants. Historical increases in turbidity have
been documented for some bay tributaries since the 1940s. During our study,
light (PAR) attenuation by suspended fine-grain sediments contributed more to
total turbidity in bay shallows (<1.5 m) than did phytoplankton chlorophyll
a. Diel cycles of PAR available in SAV beds indicated that plant photosynthe-
sis was light-limited for much of the day, and PAR often fell below the com-
pensation level (1.) needed for minimal plant growth. Although some SAV
species exhibited considerable ability to adapt to reduced light by such
mechanisms as increased pigmentation and stem elongation, increased turbidity
has probably reduced overall depth distribution of SAV markedly. Effects of
the continual increase in nutrient enrichment of the bay (documented since
1930) were tested by experimentally fertilizing pond mesocosms at levels com-
mon to the upper estuary. Moderate to high nutrient loadings resulted in
significant increases in growth
of epiphytic and planktonic algae and decreases in SAV production, as well as
premature seasonal senescence of fertilized plant populations. Direct meas-
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urements demonstrated the inhibitory effect of epiphytic growth on SAV photo-
synthesis, due largely to light attenuation. The results of these various
experiments were synthesized into an ecosystem simulation model, which demon-
strated the relative potential contributions of the three factors to SAV
declines, where nutrients > sediments > herbicides. Other factors and mechan-
isms are also discussed along with possible resource management options.

Region 3: MD
D-43



~ Title: Blue Crab Morta]ity;’ Interaction of Temperature and DDT Residues
Author(s): C. C. Koenig, R. J. Livingston, and C. R. Cripe
Publication date: 1976

Published by: Archives of Environmental Contamination Toxicology,
4(1):119-128 '

Number of gagés: 10'pp.

Report number(s): (Not applicable)

Availabie from: Archives of Environmental Contamination and Toxicology
‘ Springer-Verlag New York, Inc.
175 Fifth Avenue
New York, NY 10010

Abstract:

Serial observations of DDT-contaminated and uncontaminated salt marshes
in the northern Gulf of Mexico were made in November and December, 1973. Blue
crab (Callinectes sapidus) mortalities observed in the DOT-contaminated marsh
during this period were correlated with reduced daily temperature minima. Gas

" chromatographic analysis of hepatopancreas and swimmeret muscle tissve of dead
and dying crabs revealed total DDT residue concentrations as high as 39.0 ppm
and 1.43 ppm, respectively. It is suggested that the DDT body burdens and
reduced temperatures interact to produce acutely toxic effects. Several phy-
siological and behavioral mechanisms are proposed.
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Title: Annual Production of Macroinvertebrates in Three Streams of
Different Water Quality

Autior(s): C. C. Krueger and T. F. Waters
Publication date: 1983

Published by: Ecology, 64(4):840-850

Number of pages: ll-pp.

Report number(s): (Not applicable)

Available from: Allen Press, Inc.
1041 New Hampshire Street
P.0. Box 368
Lawrence, KS 66044

Abstract:

Macroinvertebrate annual production was estimated in three Minnesota
streams that differed in watershed geologic origin and in total alkalinity.
Annual mean alkalinities (as CaC03) in the Caribou River, Blackhoof River, and
North Branch Creek were 34, 83, and 245 mg/L, respectively. Annual production
by herbivore-detritivore invertebrates was lowest in the Caribou River (wet
mass: 27.0 g/m, intermediate in the Blackhoof River (36.9 g/m), and highest
in North Branch Creek (119.6 g/mz). Estimates of annual production by inver-
tebrate carnivores followed the same pattern: lowest in_the Caribou River.
(5.5 g/mé), intermediate in the Blackheof River (6.5 g/mZ), and highest in
North Branch Creek (12.8 g/mz). These estimates of annual production were
positively associated with alkalinity, nitrates, and fish standing stocks.
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Title: Some Therma1'and Biological Effects of Forest Cutting in West Virginia
Author(s): . R. Lee and D. E. Samue)

Publication date: 1976

Published by: Journal of Environmental Quality, 5(4):362-366

Number of pages: 5 pp.

Report number(s): (Not applicable)

Available from: American Society of Agronomy, Inc.
677 South Segoe Road
Madison, WI 53711

Abstract:

Water temperature, benthic fauna, and aquatic insect emergence were
observed in four small watersheds to document the effects of forest cutting.
During the summer months, complete cutting caused mean temperature increases
>4 °C and maximum temperature increases >3 °C. The changes diminished to
about one-half after 3 years of natural hardwood regeneration. Complete cut-
ting more than tripled the mean weekly range of stream temperature during
summer, and decreased mean minimum temperatures during winter months by about
2 °C. Two orders, Diptera and Pelecypoda, accounted for most of the benthic
biomass in watershed weir ponds; the former predominated in clearcut watershed
ponds, and the latter in a control (forested area) pond. The control pond
produced by far the highest total numbers and biomass of benthic fauna, and
the greatest numbers of aquatic insects.
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Title: Modification of Benthic Insect. Communities in Polluted Streams:
Combined Effects of Sedimentation and Nutrient Enrichment-

~"Author(s): A. D. Lemly

Publication date; 1982

Published by: Hydrobiologia, 87:229-245

Number of pages: 17 pp.

Report number(s): (Not applicable)

Available from: Kluwer Academic Publishers Group
Distribution Center
P.0. Box 322, 3300 AH Dordrecht
The Netherlands

Abstract:

Responses of the benthic insect community of a southern Appalachian trout
stream [North Carolina] to inorganic sedimentation and nutrient enrichment
were monitored over a period of 8 months. Entry of pollutants from point
sources established differentially polluted zones, allowing an assessment of
impacts due to sedimentation alone and in association with elevated nutrient
levels. Input of sediment resulted in a significant increase in bed load and
decrease of pH at the substrate-water interference (P <0.05). The zone
receiving nutrient runoff from livestock pasture exhibited elevated levels of
nitrate and phosphate, but available data indicated such concentrations to be
quite low. Species richness, diversity, and total biomass of filter feeding
Trichoptera and Diptera, predaceous Plecoptera, and certain Ephemeroptera were
significantly reduced in the polluted zones. Inorganic sedimentation, operat-
ing indirectly through disruption of feeding and filling of interstitial
spaces, was considered to be the primary factor affecting filter feeding taxa.
Decomposition of compounds associated with materials in the bed load may
depress pH and eliminate acid sensitive species of Plecoptera and Ephemerop-
tera. Such processes of acidification may be particularly important to Appa-
lachian streams since the pH of regional surface waters is characteristically
acidic prior to sedimentation. Accumulation of particles on body surfaces and
respiratory structures, perhaps as a function of wax and mucous secretion or
surface electrical properties, appears to be the major direct effect of inor-
ganic sedimentation on stream insects. Growths of the filamentous bacterium
Sphaerotilus natans were also frequently associated with silted individuals in
the zone receiving nutrient addition. Oistribution of the bacterium suggested
that silted substrates, perhaps as related to the presence of iron compounds,
are required for colonization in dilute nutrient solutions. The primary
effect of Sphaerotilus colonies appears to be augmentation of particle accumu-
lation through net formation by bacterial filaments. Data indicate that inor-
ganic sedimentation and nutrient addition operate synergistically, eliminating
a significantly greater number of taxa than exposure to one pollutant alone.
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TitTe: Agriculture and Stream Water Quality: A Biclogical Evaluation of
‘Erosion-Control Practices

Author(s): - D. R. tenat-

publication date: 1984

Puﬁlished by: Environmental Management, 8(4):334-344

Number of pages: 11 pp.

Report number(s): (Not applicable)

Available from: Environmental Mangement

- Springer-verlag New York, Inc.
175 Fifth Avenue
New York, NY 10010

Abstract:

Agricultural runoff affects many streams in North Carclina. However,
there is little information about either its effect on stream biota or any
political mitigation by erosion control practices. In this study, benthic
macroinvertebrates were sampled in three different geographic areas of North
Carolina, comparing contro) watersheds with -well-managed and poorly managed
watersheds. Agricultural streams were characterized by lower taxa richness
(especially for intolerant groups) and low stability. These effects were most
evident at the poorly managed sites. Sedimentation was the apparent major
problem, but some changes at agricultural sites implied water quality prob-
lems. The groups most intolerant of agricultural runoff were Ephemeroptera,
Plecoptera, and Trichoptera. Tolerant species were usually filter-feeders or
algal grazers, suggesting a modification of the food web by addition of par-
ticulate organic matter and nutrients. This study clearly indicates that
agricultural runoff can severely impact stream biota. However, this impact
can be greatly mitigated by currently recommended erosion control practices.
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Title: Ecological £ffects of Urban Runoff on North Carolina Streams

Author(s): D. Lenat and K. Eég]e%on'
publication date: 1981

Published by: North Carolina Division of Environmental Management

Number of pages: 22 pp.

Report number(s): Biological Series #104

Available from: North Carolina Department of Natural Resources and
Community Development
Division of Environmental Management
Water Quality Section
512 North Salisbury Street
Raleigh, NC 27611

Abstract (from p. 2 of “Introduction"):

The Biological Monitoring Group prior to this study had studied urban
streams in five North Carolina cities (Penrose et al., 1980; Duda et al.,
1979). These studies included data on eight streams in Asheville, Winston-
Salem, Charlotte, Raleigh, and Durham. Although these cities are located in
different geographic areas, the results were remarkably uniform.

Taxa richness (S) values were severely reduced in comparison with control
data. Reduction in S was always greater than 50% (the criterion for severe
stress) and usually near 70%. The average density (N) showed a similar reduc-
tion. The parallel reduction in both N and S suggested the presence of toxic
materials. This hypothesis was reinforced by the very high variability of
density estimates. High densities of pollution-tolerant organisms were occa-
sionally recorded. The abrupt disappearance of these populations in succeed-
ing sample periods suggested "slugs" of toxic materials originating from
spills, sporadic discharges, or runoff. Chemical data from streams in the
Winston-Salem area has shown Zn, Pb, and Hg to be present in high concentra-
tions.

The biotic index values were extremely high for all streams, indicating
"very poor" conditions. Intolerant macroinvertebrate groups (Ephemeroptera,
Plecoptera, Trichoptera, and Coleoptera) were not just reduced in number; they
were usually absent. Tolerant Chironomidae and Qligochaeta generally composed
greater than 90% of the total fauna. Many of these organisms are associated
with high organic loading. However, densities were usually well below that
expected for a case of simple organic pollution. Most dominant organisms are
also sediment tolerant.

Data from 1978 and 1979 suggested that urban streams were grossly pol-
luted by a combination of toxic materials, organics and sediment. Chemical
sampling, by itself, might easily underest1mate the severity of the problems,
because many po\lutants show extreme temporal var1ab111ty
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The studies described -above were all conducted on "large" cities (1980
populations of 53,000-311,000). Could these same results be expected in smal-
ler North Carolina towns? To answer this question, urban streams were sampled
in seven small (1980 poputations of 5,000-35,000) cities: Brevard, Asheboro,
Morganton, Goldsboro, Greenville, Wilson, and Ounn.
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Title: Variable Effects of Sediment Addition on Stream Benthos
Author‘s): 0. R. Lenat, D. L. Penrose, and-K. W. Eagleson
Publication date: 1981 ‘

Published by: Hydrobiologia, -79:187-194

Number of pages: ~ 8 pp.

Report number(s): (Not applicable)

Available from: Kluwer Academic Publishers Group
' Distribution Center ‘
P.0. Box 322, 3300 AH Dordrecht
The Netherlands

Abstract:

Two upper Piedmont streams in North Carolina were studied to determine
the effects of road construction, especially sediment inputs. Benthic macro-
invertebrate data suggest that the stream community responded to sediment
additions in two different ways. Under high flow conditions the benthic fauna
occurred mainly on rocky substrates. As sediment was added to a stream the
area of available rock habitat decreased, with a corresponding decrease in
benthic density. There was, however, little change in community structure.
Under low flow conditions, stable-sand areas may have supported high densities
of certain taxa. Density of the benthic macroinvertebrates in these areas may
have been much greater than the density recorded in control areas, and there
were distinct changes in community structure.
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Title: Effects of Sand Sedimentaiion on Colonization of Stream Insects
Author(s): R. J. Luedtke and M. A. Brusven

Publication date: September 1976

Published by: Journal of the Fisheries Research Board of Canada, 33(9):
1881-1886

Number of pagest 6 pp.

Report number(s): (Not applicable)

Available from: Ffisheries and Qceans

Scientific Information and Publication Branch
200 Kent Street

Ottawa, Ontario K1A OE6

Canada

Abstract:

Driftnets, basket samplers, and artificial streams were used to investi-
gate the influence of heavy sand accumulations on insect drift, colonization,
and upstream movements in Emerald Creek, northern Idaho. Most riffle insects
successfully passed through low-velocity, sandy reaches 80 m long. Upstream
movements on sand were impeded by flows as low as 12 cm/s, except for the
heavily cased caddisfly Dicosmoecus sp.
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Title: Effects of Agricultural Drainage Development in Benthic Invertebrates
in Undisturbed Downstream Reaches

Author!si: P. C. Marsh andrT. F. Waters

Publication date: 1980

Publishedzby: Transactions of the American Fisheries Society, 109:213-223

Number of pages: 11 pp.

Report nbmber(s)i (Not applicable)

Available from: American Fisheries Society
5410 Grosvenor Lane
Suite 110
Bethesda, MD 20814

Abstract:

The downstream effects of channelization and agricultural drainage devel-
opment were evaluated in southwestern Minnesota by comparing benthic inverte-
brate populations in streams heavily modified by channelization and agricul-
tural drainage development in upstream areas with those not so modified.
Physicochemical characteristics, as well as invertebrate populations, were
observed in relatively undisturbed downstream reaches. Turbidity, total alka-
linity, and timing of discharge were similar in all streams. Species composi-
tions of benthic invertebrates were similar in all streams, and there were no
significant differences in total, seasonal, or monthly levels of standing
stock in either numbers or biomass between modified and unmcdified streams.
Invertebrate drift, both insects and total invertebrates, was similar in all
streams. Some differences in individual taxa were observed, but these were
related to localized differences between streams, rather than to drainage
development. Specific differences included higher numbers in drift of the
snail Ph¥sa gyrina and the amphipod Hyalella azteca in one modified stream,
apparently the result of more suitable upstream habitat in drainage ditches.
It was concluded that, in these agricultural areas, the impact of upstream
drainage development on benthic invertebrates in natural downstream reaches
was negligible.
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Title: Effect of Forest Clearcutting in New England on Stream-Water
Chemistry and Biology

Author(s): C. W. Martin, D. S. Noel, and C. A. Federer

Publication date: July 1981

Publfshed by: Water Resource Research Center, University of New Hampshire

Number of pages: 76 pp.

Report number(s): Research Report #34 (14-34-0001-8031)

Available from: Northeastern Forest Experiment Station
U.S. Forest Service
Durham, NH 03824

Abstract:

Changes in stream chemistry following clearcutting were sought in 56
streams at 15 locations throughout New England (Maine, New Hampshire, and
Vermont). Streams draining clearcut areas were compared with nearby streams
in uncut watersheds over periods of up to 2 years. In general, concentrations
of all elements studied (inorganic N, SO4 - S, C1, Ca, Mg, K, Na), as well as
pH and specific conductivity, varied as much among uncut streams at a location
as between uncut and cutover streams. However, at most locations, at least
one of these variables differed between uncut and cutover streams. The great-
est differences occurred with nitrogen in northern hardwood forests in the
White Mountains of New Hampshire. At four of the locations the effect of
cutting on algae and invertebrates in the streams were also examined. Both
algal and invertebrate densities were greater in cutover streams by factors of
2 to 4, probably because of increased light and temperature. The taxonomic
composition of both algal and invertebrate populations was also changed by
cutting. Partial cuts and sufficiently wide buffer strips can minimize both
chemical and biological changes.
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Title: - An In Situ Assessment of the Acute Toxicity of Urban Runoff to
Benthic Macroinvertebrates

Autnor(s): C;lMedeiros, R. LeBlanc, and R. A. Coler

Publication date: 1983

Published by:f;Environmenta]'Toxico]ogy and Chemistry, 2:119-126

Number of pages: 8 bp.

Report numberis): (Not applicable)

Available from: Pergamon Press, Inc.
Journals Division
Maxwell House
Fairview Park
Elmsford, NY 10523

Abstract:

Colonized Hester-Dendy substrates were deployed for 96 h in an urban
river reach, storm drain channel, and a control site {in Massachusetts) to
assess the toxicity of urban runoff. The mean macroinvertebrate diversity
during rain events was reduced from 1.7 at the control station to 1.0 at both
urban stations. Snowmelt exerted the same effect on river substrate diver-
sity, but only reduced channel values from 2.0 to 1.4. During periods of no
runoff, however, mean channel and control diversities remained the same (1.5).
while river values dropped to 0.8. Similarly, substrate population densities
during rain were, respectively, two and seven times more limiting for the
storm drain channel and river reach stations. The same trend was evident in
heavy metals uptake, indicating that dry weather toxicity in urban river
reaches originates from the sediments. Runoff, then, serves to reduce toxic-
ity during input, but increases it over the long run.
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Title: A Comparison of the Physiological Condition of the Blue Musse]
- Mytilus edulis, After Laboratory and Field Exposure to a Dredged
Material

Author(s): W. C. Nelson

Publication date: 1987

Published by: Pollution Physiology of Estuarine Organisms (W. B. Vernberg,
A. Calabrese, F. Thurberg, and T. J. Vernberg, eds.), the Belle
W. Baruch Library, No. 17, pp. 185-205, Columbia: University
of South Carolina Press.

Number of pages: 21 pp.

Report number(s): (Not applicable)

Available from: University of South Carolina Press
Columbia, SC 29208

Abstract:

The scope for growth (SFG) of the blue mussel (Mytilus edulis) was meas-
ured after exposure to Black Rock Harbor (BRH) dredged material in the labora-
tory and the field. A laboratory system was used to provide constant exposure
levels, ranging from O to 10 mg/L of suspended BRH sediment. Results indi-
cated that concentrations as low as 1.5 mg/L BRH material reduced SFG, clear-
ance rates, and shell growth. In the field, mussels were placed along a
transect from the center of the disposal mound to a clean area that was dis-
tant from the disposal mound. The estimated maximum BRH exposure in the field
(0.8 mg/L) produced no apparent reduction in the SFG of mussels collected 1 m
above the bottom at the field sites. The level of BRH material estimated to
affect SFG in field-exposed mussels (>0.8 mg/L) was within the range estimated
from laboratory experiments (0-1.5 mg/L).
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‘Title: Effects of Logging on Macroinvertebrates in Streams With and Without
Buffer Strips : :

Author(s): J. D. Newbold, D. C. Erman, and K. B. Roby
Publication date: 1980

published by: Canadian Journal of Fisheries and Aquatic Sciences,
- 37:1576-1685_ '

-Number of pages: 10- pp.

Report number(s): (Not applicable)

Available from: Canadian Government Publishing Centre
- Supply & Services Canada

Ottawa, Ontario K1A 0S9

Canada

Abstract:

The impact of logging with and without buffer strip protection on stream
macroinvertebrates was examined through comparisons of community structure in
commercially logged and control watersheds throughout northern California. A
nonparametric test of community dissimilarities within matched blocks of two
control and one or two treated stations showed significant (P <0.05) logging
effects on unprotected streams when Euclidean distance and mutual information
were used as dissimilarity indices, but not when chord distance was used.
Shannon diversity in unprotected streams was lower (P <0.01) than in control
(unlogged) streams: densities of total macroinvertebrate fauna and of Chirono-
midae, Baetis, and Nemoura were higher in unprotected streams than in controls
(P <0.08). Streams with narrow buffer strips (<30 m) showed significant
effects by the Euclidean distance test, but diversity varied widely and was
not significantly different from that in either unprotected or control
streams. Macroinvertebrate communities in streams with wide buffers (>30 m)
could not be distinguished from those of controls by either Euclidean distance
or diversity; however, diversity in wide-buffered streams was significantly
greater than in streams without buffer strips, indicating effective prozection
from logging effects.
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Title: Effect of Land Use on the Biota of-PiedmbntvStFeahs: Comparisons of
Forested, Agricultural and Urban Watersheds

Author(s): North Carolina Division of Environmental Management

Publication date: June 1986

Published by: North Carolina Division of Environmental Management

Number of pages: 51 pp.

Report number(s): Biological Series 109

Available from: WNorth Carolina Department of Natural Resources and Community
Development
Division of Environmental Management
Water Quality Section
512 North Salisbury Street
Raleigh, NC 27611

Abstract:

Studies of nonpoint source runoff in North Carolina have documented the
impact of many different types of land disturbance: agriculture, silvicul-
ture, construction, mining and urbanization (Lenat et al., 1979; Penrose et
al., 1980). Two of these types of nonpoint runoff, agricultural and urban,
were found to be a major problem in North Carolina streams. Agricultural
runoff is of concern because of the extensive areas of cropland and pasture in
North Carolina. Much of the agricultural land has been subject to severe
erosion, contributing up to 67% of the eroded soil (North Carolina DEM, 1978).
Urban areas constitute only a minor percentage of the land area in our state,
but urban runoff has been associated with very severe pollution problems.
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Title: Dynamics of Blue-Green Algal (Microcystis aeruginosa) Blooms in the
éower“?euse River, North Carolina: Causative Factors and Potential
ontrols

Author(s): H. W. Paer)

Publication date: April 1987

~Published by: Water Resources Research Institute of the University of
North Carolina

~ Number of pages: 166 pp:

Report number(s): UNC-NRRI-87-229

Available from: Water Resources Research Institute
of the University of North Carolina
North Carolina State University
225 Page Hall
P.0. Box 7912
Raieigh, NC 27695

Abstract:

The Neuse River Basin has over the past several decades supported some of
North Carolina's most diverse and intense urban, rural, and agricultural
development and growth. As such, both water use and nutrient-rich waste dis-
charge have increased substantially in the Neuse River and its tributaries.
Contemporaneously, symptoms of accelerated eutrophication, including summer-
fall nuisance blue-green algal (Microcystis aeruginosa) blooms, have charac-
terized the lower portions of this economically and recreationally important
river. Perhaps the most alarming feature of the river's advanced trophic
state is periodic winter-spring-early summer hypereutrophy, when magnitudes of
both nitrogen and phosphorus loading can exceed resident phytoplankton growth
requirements. Obviously, such characteristics represent an undesirable situa~
tion when viewed from both management and recreational/fishing resource/use
perspectives. '

With the need for a proper understanding of the complex interplay of
nutritive and physical characteristics responsible for current eutrophication
and associated water quality degradation, the following study, attempting to
link the physiological ecology of nuisance blue-green algal blooms to environ-
mental features making the lower Neuse River susceptible to such blooms, was
initiated in 1981. Both field and laboratory monitoring efforts and experi-
ments were carried out on a continuous basis until 1986 in order to assess the
linkage between periodicity and magnitudes of nutrient inputs (loadings) as
well as amenable physical conditions (water discharge, flow temperature, irra-
diance) responsible for bloom development and persistence during hydrologic-
ally diverse years. (learly, it can be seen that variable hydrological condi-
tions, particularly evident as wet vs. dry spring-summer months, play a cru-
cial role in determining bloom potentials in respective years. Both adequate
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nutri:.t (specifically nitrogen) loading during wet spring months as well as
subsequent 1ow-dlscharge (Yow-flushing) conditions in summer-fall months play
joint roles in dictating the magnitudes and persistence of blooms. 0pt1mal
bloom development occurred in~1983, a year which featured both excessive
winter-spring nutrient loading as well as dry, low-discharge summer months.
Other years, such a 1982 and 1984, featured adquate (excessive) spring nutri-
ent 10ad1ng, however, continued h1gh discharge in summer-fall months negated
bloom potentials. Converse]y, 1985 and 1986, while exhibiting record droughts
and resultant extensive low summer discharge conditions, -failed to support
detectable nuisance blooms. These years also yielded extremely dry, low-
discharge spring periods, thus minimizing associated nutrient loading during
the months of February-May. Consequently, inadequate (for subsequent M. aeru-
ginosa bloom development) nutrient loading took place in these years.

Appropriate constraints on nutrient inputs appear to be the only manage-
able option for eliminating bloom potentials. Accordingly, it is suggested
that minimal input constraints (30% for N and 50% for P) formulated in this
study, as well as proper timing of input constraints, be considered as a
“first approach" for addressing current water quality problems on the lower
Neuse River.
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Title: "Effects of Apple Orchard Runoff on the Aquatic Macrofauna of a
Mountain Stream

Author(s): D. L. Penrose and D. R. Lenat
Publication date: 1982

Published by: Archives of Environmental Contamination and Toxicology,
11:383-388 '

Number of pages: 5 pp.

Report number(s): (Not applicable)"

Available from: Archives of Environmental Contamination and Toxicology
Springer-Verlag New York, Inc.
175 Fifth Avenue
New York, NY 10010

Abstract:

As part of a statewide evaluation of the impact of nonpoint socurces of
water pollution (relevant to Section 208 of the Federal Water Pollution Con-
trol Act Amendments of 1972), a study was conducted to determine the effects
of surface runoff from apple orchards. It was conducted by the Biological
Monitoring Group of the North Carolina Division of Environmental Management
using aquatic macroinvertebrates as assessment organisms. Both taxa richness
and total numbers were reduced below the orchards, particularly during two
pesticide application periods. Results indicate chronically severe stress
conditions at the most downstream site and periodic stress, followed by recov-
ery, at an upstream site. Several taxa were especially susceptible to apple
orchard runoff, including Epeorus (Iron) sp. and all Plecoptera.
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Jitle: Effects on a Trout Stream of Sediment from Agricdltural'PractiCesi

Author(s): J. C. Peters

Publication date: 1967

Published by: Journal of Wildlife Management, 31(4):805-812

Number of pages: 8 pp.

Report number(s): (Not applicable)

Available from: Allen Press, Inc.

1041 New Hampshire Street
P.0. Box 368

Lawrence, KS 66044

Abstract:

The effects of sedimentation rates, stream discharge, and water tempera-
ture were studied in Bluewater Creek, Montana. Trout of all ages were abun-
dant where sediment concentrations or loads were low (range in daily load
0.2-11 tons) and stream discharge stable (range in mean daily discharge
10-12.0 cfs). Few trout were found where sediment concentrations or loads
were high (range in daily load 2-1,800 tons) and discharge erratic (range in
mean daily discharge 4-485 cfs). Water temperatures were higher than desir-
able for trout above 80 °F for more than 3 hours on summer days) in areas of
the stream influenced by irrigation surface return flow. The best survival of
trout eggs (97% survival) was found where stream discharge was stable and
sediment concentrations were low.
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Title: - Sources of Urban Runoff Pollution-and Its Effects on an Urban Creek

Author(s): R. Pitt and M. Bozeman

‘Publication date: December 1982

Published by: Municipal Environmental Research Laboratory, Cincinnati, OH

Number of pages: 141 pp.

Report number(s): EPA-600/52-82-090;P8 83-111-021

Available from: National Technical Information Service
5285 Port Royal Road
Springfield, VA 22161

Abstract:

Sources and impacts of urban runoff were studied for the Coyote Creek
near San Jose, California. The 3-year monitoring study included three tasks:
(1) identifying and describing important sources of urban runoff pollutants;
(2) describing the effects of those pollutants on water and sediment quality,
aquatic organisms, and associated beneficial uses of the creek; and
(3) assessing potential measures for controlling the problem pollutants in
urban runoff. ‘

Results indicated that various urban runoff constituents (especially
organics and heavy metals) may be responsible for many of the adverse biologi-
cal conditions observed in Coyote Creek. But adequate control of pollutants
would require extremely high removals that would be difficult as well as
costiy to achieve.
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Title: .Acid Precipitation and Embryonic Mortality of Spotted Salamanders,
Ambystoma maculatum '

Author(s): F. H. Pough

Publication date: 1976

Published by: Science, 192:68-70

Number of pages: 3 pp.

Report number(s): (Not applicable)

Available from: American Association for the Advancement of Science
1333 H Street, NW
Washington, DC 20005

Abstract:

Spotted salamanders breed in temporary pools formed in early spring by
melted snow and rain. Many of these pools reflect the low pH of precipitation
in the northeastern United States (as in New York). Egg mortality is low as
(<1%) in pools near neutrality, but high (>60%) in pools more acid than pH 6.
Developmental anomalies and the embryonic stage at which death occurs are the
same in field situations as at corresponding pH's in laboratory experiments.
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Title: Ecological Effects of Urban Stormwater Runoff on Benthic
Macroinvertebrates Inhabiting the Green River, Massachusetts

Autnorﬂé!: J. M. Pratt, R. A., Coler, and P. J. Godfrey

Publication date: 1981

Published by: Hydrobiologia, 83:29-42

Number of pages: 14 pp.

'Repori numberlslz (Not applicable)

Availabie from: Kluwer Academic Publishers Group
Distribution Center
P.0. Box 322, 3300 AH Dordrecht
The Netherlands

Abstract:

Although it has been demonstrated that urban stormwater can alter the
quality of receiving waters, the corresponding impact on aquatic biota remains
essentially undocumented. A year-long intensive study, therefore, was imple-
mented to monitor and describe the ecological effects exerted by urban runoff
on benthic macroinvertebrates.

Rock-filled, basket-type artificial substrates deployed periodically in
nonurban and urban river reaches yielded collections of macroinvertebrates
that furnished data for: (1) species diversity (the Brillouin index, H),
(2) hierarchical diversity, (3) major taxa composition, and (4) collection
dissimilarity at the species level.

The overall results from these four analytical procedures strongly indi-
cate that the macrobenthic community became progressively disrupted downstream
in the urban reach. The high degree of correspondence between the known
sources of urban runoff and the observed effects on the benthic community are
forceful arguments that urban runoff is the causal agent of disruption. The
impact is not confined to periods following heavy rains. Instead the poliut-
ants appear to remain in the system. The stress imposed by them was most
acute during the summer low flow and was probably localized in or near the
stream bed.

To assess the impact of urban runoff on an aquatic ecosystem, physical,
chemical, and biological monitoring should routinely consider the stream bed
microzone. Urban runoff pollutant loading standards must take into account
the apparent long-term residence of pollutants in the substrate and the asso-
ciated stress of summer low flows.
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litle: Benthic Macroinvertebrate Community Structure in a Great” Plaims Stream.
‘ Receiving Feedlot Runoff

Author(s): C. W. Prophet and N. L. Edwards

Publication date: June 1973

Published by: Water Resources Bulletin, 9(3):583-589

Number of;pgggsé 7 pp.

Report number(s): (Not applicable)

Available from: American Water Resources Association
4104 Ohms Lane, Suite 203
Minneapolis, MN 55435

Abstract:

The effect of feedlot runoff on the environmental quality of the Cotton-
wood River in east central Kansas was evaluated by analysis of community
structure of benthic macroinvertebrates using the species diversity index (d).
The benthic fauna along the study reach was dominated by mayflies, cad-
disflies, midges, riffle beetles, and the pelecypod, Sphaerium. Sixty-five
taxa were identified during the study; the benthic fauna was most abundant
during the 1968-1969 segment of the study. However, the mean d per station
indicated the river was subject to moderate environmental stress, and d's of
those stations immediately downstream from feedlots were significantly lower
than the d at the control station. There was a significant increase in d's
during the 1970-1971 segment of the study, following the closing of two feed-
Jots. The results indicate periodic feedlot runoff had a continuing adverse
effect on the environmental quality of the river, but recovery was rapid as
the organic load on the river was reduced.
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Title: Stream Community Response to Road Construction Sediments
Aut*jrgs‘!: ~J. R. Reed

Publication date: June 1977

Published by: Virginia Water Research Center

Number of pages: 61 pp.

Report number(s): Bulletin 97

Available from: Virginia Water Research Center
Virginia Polytechnic Institute and State University
Blacksburg, VA 24061

Abstract:

This study investigated how aquatic macrobenthic and fish communities
responded to the effects of siltation from highway construction. Community
response was evaluated on the basis of community diversity and changes in the
numbers of organisms and/or species. An innovative computer program was used
to calculate the diversity indices, using the sequential comparison technigue.

The primary response observed among the macrobenthic and fish communities
was a reduction both in numbers of species and in organisms downstream from
the construction. Responses of the macrobenthic community ranged from a
reduction of 23% in numbers of species and 66% in numbers of organisms (based
upon single comparisons) to a 40% reduction of species and an 85% reduction of
organisms (based upon several observations of the same population). Single
comparisons of fish communities showed reductions of approximately 20% in
numbers of species and 40% in numbers of organisms. The diversity index also
demonstrated a statistically significant long-term change in aquatic community
structure, but was less meaningful for indicating initial effects or making
single comparisons.

Findings suggest that drift is a major physical response of macrobenthos
to increased siltation, and may be a primary mechanism for repopulating
stressed habitats. This is contrary to the commonly held hypothesis that
smothering is a major effect, and should be tested in further investigations.
Fishes apparently vacated areas of increased siltation, but were able to repo-
pulate such areas within 12 months after construction activities stopped,
depending upon the stream's cleansing ability. In this connection, stream
flow rate and gradient are significant factors.

In general, this study found that erosion-control measures as they com-
monly are applied in highway construction are of limited value in preventing
damages to stream communities, especially in the early construction stages.
This indicates a need for more comprehensive and particularly more timely
application of appropriate erosion-control techniques.
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Title: Effects of Logging on Water Temperature and Dissolved Oxygen_in
Spawning- Beds

Author(s): N. H. Ringler and J. D. Hall

Publication date: 1975

Published by: - Transactions of the American Fisheries Society, 104(1):111-121

Number of pages: 11 pp.

Report number(s): (Not applicable)

Available from: American Fisheries Society
5410 Grosvenor Lane
Suite 110
Bethesda, MD 20814

Abstract:

The temperature and dissolved oxygen content of intragravel water were
measured in three Oregon coastal streams between June 1968 and June 1969. In
1966, the watershed of one stream had been completely clearcut, and that of a
second stream partially clearcut in staggered settings. A third watershed was
left unlogged. ,

Clearcut logging resulted in increased temperature of intragravel water
in salmon and trout spawning beds and decreased concentrations of dissolved
oxygen. The changes were related largely to reduced forest cover over the
stream surface and to deposition of fine sediment in the gravel.

No serious reduction in survival to emergence of coho salmon occurred
along with the observed changes in temperature or dissolved oxygen. A
decrease in the resident population of cutthroat trout after logging may have
been related to these changes.
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Title: Effects of Sedimentation on the Algal Flora of a Small Recreational
Impoundment o

Author!s}: G. L. Samsel, Jr.

Publication date: December 1973

Published by: Water Resources Bulletin, 9(6):1145-1152

ﬁumber of pages: 8 pp.

Report number(s): (Not applicable)

Available from: American Water Resources Association
4104 Ohms Lane, Suite 203
Minneapolis, MN 55435

Abstract:

Investigations were initiated to evaluate the effects of sedimentation on
the alga) composition, primary productivity rates, and chemical nutrient con-
centrations of a l7-acre recreational impoundment in central Virginia. Com-
parisons during the winter seasons of 1972 and 1973 indicated that as a result
of sedimentation (from lakefront home construction) the total numbers of algal
genera in the lake decreased. from 24 to 16, productivity as measured by 14C0
and total extractable chlorophyll decreased two-fold, and several impor-
tant nutrients (i.e., NHg + -N, Si0p, and PQOq-P) increased significantly.

2
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Title: Effects of Dipotassium Endothall on the Zooplankton and Water Quality
of a Small Pond ’ ) :

Authorgs): S. L. Serns

Publication date: December 1975

Published by: Water Resources Bulletin, 11(6):1221-3}’

Number of pages: 11 pp.

Report number(s): (Not applicabte)

Available from: American Water Resources Association
4104 Ohms Lane, Suite 203
Minneapolis, MN 55435

Abstract:

Zooplankton samples and dissolved oxygen-temperature readings and water
samples were taken from a treatment and control pond (in Wisconsin) on 41 and
42 separate occasions-. respectively, both before and after the application of
5.0 mg/L (A.1.) dipotassium endothall to the 0.31-ha treatment pond on May 31,
1973. Seasonal fluctuations in the density of Cladocera and Copepoda coin-
cided quite closely in both ponds and were similar to the fluctuations
reported in the literature to be typical of temperate region ponds and lakes.
An apparent seasonal shift in generic composition from Daphnia spp. in May to
Ceriodaphnia spp. in June to Chydorus spp. from July/early September occurred
in both ponds and is thought to be at least partially due to fish predation.
No apparent changes in species composition or generic densities of Cladocerans
was noted in the treatment pond that did not also occur in the control pond.
There were no noticeable effects of the dipotassium endothall on either the
Calanoida or Cyclopoida suborders of Copepoda. A later pulse of Ostracoda in
the treatment pond, when compared to the control, may have been due to the
dipotassium endothall or to a combination of the effects of the herbicide on
the macrophytes and the method of sampling. A decrease in dissolved oxygen
below saturation, occurring in the treated pond from 3 to 21 days after treat-
ment, was attributed to an increase in biological oxygen demand associated
with weed-kill. There was no noticeable increase in plant nutrients (N and P)
in the treated pond following herbicide application, nor were there any appar-
ent changes in the other chemical parameters studied.
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Title: —Role of Delaware River Freshwater Tidal Wetlands in the Retention of
Nutrients and Heavy Metals ' ' '

Author(s): R. L. Simpson, R. E. Good, R. Walker, and B. R. Frasco
Publication date: 1983

Published by: Journal of Environmental Quality, 12(1):41-48

Number of pages: 8 pp.

Report number(s): (Not applicable)

Available from: American Society of Agronomy, Inc.
677 South Segoe Road
Madison, WI 53711

Abstract:

Tidal cycle budgets for June, July, August, September, and November 1979
showed that inorganic N was imported to the wetland from the Delaware River. .
(in Néw Jersey) early in the growing season and exported late in the growing
season. Nitrate and organic nitrogen were imported following macrophyte die-
back. Reactive P was never lost from the marsh, and was actually imported on
three dates. Total P was imported in July, September, and November, but
otherwise exported. The metal present in the lowest concentration, Cd, was
always exported; Ni, Cu, and Zn were imported on all but one date. Lead was
imported late in the growing season and following macrophyte dieback. Non-
point-source inputs of Pb exceeded inputs from tidal waters.

The vegetation played a major role in the retention of N, P, Cu, Pb, and
NT entering the wetland through the growing season. The litter retained sig-
nificant quantities of all heavy metals following macrophyte dieback, but it
serves only as a temporary storage vehicle because rates of decomposition are
high. The soil showed no definite seasonal pattern of nutrient or heavy metal
retention. Elevated Pb levels occurred at gites_near storm drains, reflecting
the rapid sedimentatiorand retemttion ofethis metal as storm waters entered
the wetland. [t is concluded that freshwater tidal wetlands play an iMportant
seasonal role in reducing nutrient and heavy metal loading in the upper Dela-
ware* River estuary.
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Title: Chlorinated Hydrocarbon Insecticide Residues in Winter Flounder,
Pseudopleuronectes americanus, from the Weweantic River Estuary,
Massachusetts i

Author(s): R. M. Smith and C. F. Cole

Publication date: 1970

Published by: Journal of the Fisheries Research Board of Canada,
27(12):2374-2380 -

Number of pages: 7 pp.

Report number(s): (Not applicable)

Available from: Fisheries and Oceans
Scientific Information and Publication Branch
200 Kent Street
Ottawa, Ontario K1A OEb
Canada

Abstract:

Residues of DDT, heptachlor, and dieidrin were found in tissues of winter
flounder, Pseudopleuronectes americanus (Walbaum), from the Weweantic River
estuary, Massachusetts, during 1966 and 1967. In nonmigratory juveniles,
seasonal accumulation patterns were demonstrated for DDT, heptachlor, and two
related breakdown products, DDE and heptachlor epoxide. Peak concentrations
of the parent compounds were more closely associated with high runoff condi-
tions than any specific application in the estuarine drainage. Dieldrin was
present uniformly throughout the year.

Migratory adult flounder, present only between October and May, contained
heptachlor and heptachlor epoxide levels similar to juveniles, but signifi-
cantly less DDE. Adult female flounder sequentially concentrated DDT, ODE,
and heptachlor epoxide in their ripening ovaries as the spawning season
approached.
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Title: Effect of Rural Highway Runoff on Stream Benthic Macroinvertebrates
Author(s): M. E. Smith and-J. L. Kaster

Publication date: 1983.

Published by: Envirommental Pollution (Series A), 32:157-170

Number of pages: 14 pp.
13

Report number(;): (Not applicabie)

Available from: Elsevier Science Publishers
Journal Information Center
52 vanderbilt Avenue
New York, NY 10017

Abstract:

The impact of rural highway runoff on benthic macroinvertebrate abundance
and composition was studied on a southeastern Wisconsin stream during 1980 and
1981. The study suggests minimal effect on stream macroinvertebrates by rural
highway runoff from roadways of 7,000-8,000 vehicles per day traffic volume.
Differences in mean annual numbers and biomass between the control (4,155 m-2,
10.5 gm-2) and the station receiving slight highway runoff (2,611 m-2,

5.2 gm'z), presumably resulted from slower current and siltation at the
latter. The station that received the greatest amount_of runoff had higher
mean annual numbers (13,291 m-2) and biomass (62.2 gm-2) than the control.
Increased current and better substratum were probably responsible for masking
potential highway effects at this station. Another station with intermediate
amounts of highwa§ runoff had similar annual mean numbers (4,642 m-2) and
biomass (10.6 gm-¢) to the control. Similar values for richness were found
between stations. Pollution-sensitive fauna were approximately half as abun-
dant at the station with intermediate amounts of highway runoff, suggesting
possible slight runoff influence.
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Title: Water Quality Survey of the Mora River, Mora County, -New Mexico,
July 21-24, 1986

Author{s): L. R. Smolka
Publication date: ODecember 1986

Published by: New Mexico Environmental Improvement Division

Number of pages: 29 pp.

Report number{s): EID/SWQ-86/19

Available from: Surveillance and Standards Section
Surface Water Quality Bureau
New Mexico Environmental Improvement Division
P.0. Box 968, Runnels Building
1190 St. Francis Drive
Santa Fe, NM 87504-0968

Abstract:

During tne period of July 21-24, 1986, the Surveillance and Standards
Section conducted a 4-day survey of a 60-mi reach of the Mora River and one of
its major tributaries, Coyote Creek. The reach surveyed is found in water
quality standard segments 2-305 and 2-306. The objectives of the survey were:
(1) to assess the water quality of this reach of the Mora River, (2) to ascer-
tain what effects, if any, the effluent from the Mora wastewater lagoons have
on the water quality of the Mora River, (3) to determine whether water quality
standards are being attained in segments 2-305 and 2-306, and (4) to evaluate
the biological integrity of this reach by inventorying the macroinvertebrate
community. Chemical, physical, and biological data collected during this
survey are presented and discussed in this report.
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Title: Intensive Water Quaiitv Survey of Cost{11a*Creek and Its Tributaries,
Taos County, New Mexico, February 23-26, 1987 .

Aut ar(s): L. R. Smolka

Publication date: quembe} 1987

Published by: Néw Mexico Environmental Improvement Division
Number of pages: 19 pp.

Report number{s): EID/SWQ-87/3

Available from: Surveillance and Standards Section
Surface Water Quality Bureau
New Mexico Environmental Improvement Division
P.0. Box 968
Harold Runnels Building
1190 St. Francis Drive
Santa Fe, NM 87504-0968

Abstract:

During the week of February 23, 1987, the Surveillance and Standards
Section conducted a 4-day water quality survey along an 18-mi reach of Cos-
tilla Creek including its major tributaries, Commanche, Latir, Cordova, and
Ute creeks. In addition, water quality data collected during the fall of
1986, March 31, 1987, and April 1, 1987 were also included in the survey data
base. The river reach is located in water quality segment 2-120. The objec-
tives of the survey were: (1) to assess the water quality of this reach of
Costilla Creek, (2) to ascertain what effects, if any, the Rio Costilla Ski
area has on the water quality of Costilla and Cordova creeks, (3) to determine
whether water quality standards are being attained in segment 2-120, and
(4) to evaluate the biological integrity of this reach by inventorying the
macroinvertebrate community. Chemical, physical, and biological data col-
lected during this survey are presented and discussed in this report.
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Title: Concentrations of Lead, Cadmium, Mercury, and Copper_in the Crayfish
' (Pacifasticus leniusculus) Obtained from a Lake Receiving Urban Runoff

Author(s): M. D. Stinson and D. L. Eaton
Publication date: 1983

Published by: Archives of Environmental Contamination and Toxicology, -
o 12:693-700

Number of pages: 8 pp.

éegort number(s): (Not applicable)

Available from: Archives of Environmental Contamination and Toxicology
Springer-Verlag New York, Inc.
175 Fifth Avenue
New York, NY 10010

Abstract:

Commercially caught crayfish (Pacifasticus leniusculus) were placed in a
municipal lake (in Washington State) below a combined sewer overflow outfall
and a storm drain outfall associated with elevated sediment metal concentra-
tions. Abdominal muscle, viscera, and exoskeleton from each crayfish were
analyzed for mercury, cadmium, lead, and copper. C(Crayfish metal concentra-
tions for each sampling site were evaluated relative to unexposed samples from
the commercial catch and samples held in the laboratory. Results indicated
that: (1) mercury accumulated in muscle tissue, highest cadmium concentra-
tions were in the viscera, and highest lead concentrations were in the exo-
skeleton, (2) uptake of copper is well-regulated by the organism at nontoxic
water concentrations, and (3) viscera concentrations of cadmium, lead, and
copper tended to be higher and more variable than in muscle tissue. A signif-
icant correlation was found between body weight and muscle mercury concentra-
tion. Relative to allowable limits for metals in foods, there was not suffi-
cient accumulation of any metal to indicate that a significant health hazard
would result from consumption of these organisms. These data indicate that
analysis of trace metals in various body parts of P. leniusculus may be a
useful biological indicator of trace metal pollution of freshwater lakes and
streams.
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Title: Effects of Coal Pite Runoff on Stream Quality and Macro-Invertebrate
Communities :

Author(s): M. C. Swift

Publication date: September 1982

Published by: Water Resources‘Research Center, University of Maryland

Number of pages: 50 pp.

Report number(s): Technical Report No. 68

Available from: Water Resources Research Center
University of Maryland
College Park, MD 20742

Abstract:

Samples of coal pile runoff and Georges Creek water and macrobenthos
above and below two coal storage areas along Georges (Creek, Allegany County,
Maryland, were collected during the summer, fall, and winter of 1982 and 1983.
Coal pile runoff was collected under high and low flow conditions. Water
samples were analyzed for Hg, Zn, As, Fe, Mn, Al, S072, pH, filterable and
nonfilterable residue, conductivity, and acidity.

Leachate from coal piles along Georges Creek contains high concentrations
of heavy metals, particularly manganese, aluminum, and zinc. Iron and sulfate
are very high and the pH ranges from 1.4 to 3.1. Because of dilution, Georges
Creek water has much lower concentrations of metals, iron, and sulfate and a
pH of about 7.0.

The distribution of macrobenthos in Georges Creek shows the effects of
both runoff from coal storage piles and periodic drought, Brillouin's diver-
sity index values were low even in areas that did not dry up., Densities of
tubificid worms and chironomid larvae were very high above the coal storage
areas where organic inputs were high. At all the rest of the sampling sta-
tions, macroinvertebrate densities were very low.

Where coal pile runoff enters Georges Creek, it compounds the effects of
periodic drought and further stresses the aquatic community.

Region 3: MD
0-77. )



Title: Recovery of a Colorado Stream Affected by Acid Mine Drainage

In: Issues and. Technology in the Management of Impacted Western
Wildlife, Proceedings of a National Symposium, Steamboat Springs,
Colorado, November 15-17, 1982, pp. 220-227

Author{s): J. W. Todd, J. Woodling, D. W. Reiser, and G. Andes
Publication date: 1082

Published by: Thorne Ecological Institute

Number of pages: 8 pp.

Report number(s): Technical Publication No. 14

Available from: Thorne Ecological Institute
4860 Riverbend Road
Boulder, CO 80301

Abstract:

The lower segment of Coal Creek, located in Gunnison County, Colorado,
and flowing through the town of Crested Butte, Colorado, was biologically dead
for approximately 40 years becausé€ of acid mine drainage from the Keystone
Mine. Mine drainage was highly acidic (pH <3.6) and contained levels of
metals acutely toxic to fish. In May 1981, a wastewater treatment plant using
flocculation-coagulation technology was placed in operation at the mine site.
A study was undertaken to determine changes in water quality and to monitor
benthic invertebrate and fish populations following startup of the plant. Two
months after startup, brook trout and brown trout were found in the previously
affected segment of Coal Creek. Four months later, aquatic macroinvertebrates_
had recolonized the previously impacted segment of the creek. Sixteen months’
after plant startup, macroinvertebrate taxa were typical of clean high moun-
tain streams, and several age classes of brook trout and brown trout were
distributed throughout the formerly dead stream segment.
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Title: A Rapid Change in Methylmercury Tolerance in a Population of
Killifish, Fundulus heterocTitus, from a Golf Course Pond

Author(s): J. S. Weis and P. Weis

Publication date: 1984

Published by: - Marine Ehvironmenta] Research, 13:231-245

Number of pages: 15 pp.

Report number(s): (Not applicable)

Available from: Elsevier Applied Science Publishers Ltd.
Crown House
Linton Road
Barking Essex IG11 8JU
England

Abstract:

Embryos of killifish (Fundulus heteroclitus) from Bullhead Bay, Southamp-
ton, New York, showed considerable variation in tolerance to methylmercury
(meHg) in 1980, 1981, and 1983, in that some females produced eggs that were
tolerant to the teratological effects of 0-05 ppm, while other females pro-
duced susceptible eggs. However, in 1982, over 40% of the females produced
clutches of nonviable eggs (which could not be tested for meHg tolerance) and
those fish that produced viable eggs generally produced tolerant ones. After
hatching, the larvae were also more tolerant. Accompanying the shift in meHg
tolerance was a trend of increasing fin ray count of the females, a parameter
which has previously been correlated with the production of more tolerant
embryos. In 1982 a nearby population exhibited a distribution of embryonic
and larval tolerance and fin ray count comparable with that of the first popu-
lation in the other years.

We hypothesize that the unusually high rainfall in June 1982 caused an
inflow of pesticides and heavy metals from a golf course adjacent to the first
site, and that the contaminants were responsible for the striking changes in
reproductive success and meHg tolerance. Residues of chlorinated hydrocarbon
insecticides were found in fish of the first, but not of the second, popula-
tion. The variability in the original population may have permitted a segment
of it to withstand the inflow of pollutants, while the susceptible individuals
produced nonviable eggs. This may have been the cause of the rapid shift of
overall tolerance in the population.
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Abstract:

DOT residues in the soil of an extensive salt marsh on the south shore of
Long Island averaged more than 13 1b/acre (15 kg/ha); the maximum was
32 1b/acre (36 kg/ha). A systematic sampling of various organisms from the
vicinity showed concentrations of DDT increasing with trophic level througn
more than three orders of magnitude from 0.04 ppm in plankton to 75 ppm in a
ringbilled gull. Highest concentrations occurred in scavenging and carnivor-
ous fish and birds, although birds had 10 to 100 times more than fish. These
concentrations approach those in animals dying from DDT poisoning, which sug-
gests that natural populations in this area are now being affected, possibiy
limited, many by DDT residues. Similar concentrations have been reported
elsewhere in North America.
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