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FOREWORD

The Water Resources Division of the U.S. Geological
Survey sponsored the First National Symposium on
Water Quality in 1977. Since that time, vast changes have
occurred in the Division’s water-quality programs,
suggesting that a national meeting at which a large share
of the Division’s professionals could meet and share a
common updating of water-quality skills was needed.

During the years subsequent to 1977, the Division has
undertaken major programs such as the National Water
Quality Assessment, Toxic Substances Hydrology and
Irrigation Drainage. Earlier programs, such as the
National Stream Quality Accounting Network and
Atmospheric Deposition, have matured and been
significantly redirected.

Considering the above, the need for the Second
National Symposium on Water Quality was evident and it
was subsequently scheduled for November 12-17, 1989,
in Orlando, Florida. This report includes abstracts for all
papers and posters that have been accepted for presenta-
tion at the Second National Symposium on Water
Quality. All presented abstracts are listed alphabetically
by senior author in the report. I believe these abstracts
reflect an excellent cross section of ongoing water-quality
programs and activities, not only in the Water Resources
Division, but also in other Federal, State, and local
government agencies as well as universities.

@;%zw

Gary L. Pederson, Technical Chairman
Second National Symposium on Water Quality
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For ease in locating abstracts in this publication, they
have been arranged alphabetically, by senior author, as
underlined in the Table of Contents. Page numbers for
each abstract also appear in the program listing,
arranged by session number, which immediately follows
the Table of Contents. The presenting author is
identified in the program listing and on the abstracts.
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Loris E. Asmussen, U.S. Department of Agriculture - ------------ccceccunn-- 3
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INVITED SPEAKER
CHEMICAL CONTAMINANTS IN THE ENVIRONMENT: ROLE OF THE FISH
AND WILDLIFE SERVICE’S ENVIRONMENTAL CONTAMINANTS FIELD
OPERATIONS PROGRAM
Gerry Jackson, U.S. Fish and Wildlife Service - - - - - -------+ccceceecmnaa--- 41

INVITED SPEAKER
EXTENT OF PESTICIDE CONTAMINATION OF GROUND WATER IN THE
UNITED STATES
Patrick W. Holden, U.S. Environmental Protection Agency - ----------------- 38

INVITED SPEAKER

NATIONAL WATER CLEANUP UNDER THE CLEAN WATER ACT, 1976-89
Charles D. Mosher, U.S. General Accounting Office - - --------------c-v---- 65

CONCURRENT SESSIONS
Tuesday Moming, November 14, 8:00— 9:40

SESSION 7
Laboratory Methodology

SUPERCRITICAL FLUID EXTRACTION (SFE) AND COUPLED SFE-GC
ANALYSIS OF ENVIRONMENTAL SOLIDS AND SORBENT RESINS
Steven B. Hawthorne* and David J. Miller, University of North Dakota - -------- 36

A COMPARISON OF ANALYTICAL TECHNIQUES USED FOR THE
DETERMINATION OF VOLATILE AND SEMIVOLATILE ORGANIC
CONTAMINANTS IN GROUND WATER

Doug Cain*, U.S. Geological Survey, James F. Pankow, Oregon Graduate Center,
Daniel T. Chafin, William T. Foreman, Steven D. Zaugg, U.S. Geological Survey,
Lorne F. Isabelle, Oregon Graudate Center, Michael J. Liszewski, Jacob Gibs,

Brooke F. Connor, Marilyn G. Werner, Ronald Baker, and Roderick F. Ortiz,
U.S. Geological Survey - -« - -« co oo cemm e 7

EFFECTS OF ACID PRESERVATION ON THE CONCENTRATIONS OF
VOLATILE ORGANIC COMPOUNDS IN NATURAL WATERS
Brooke F. Connor*, Mark W. Sandstrom, and Donna Rose,
U.S. Geological Survey -------ccveeeeonenminannnanan R 12

EXTRACTION OF GASOLINE CONSTITUENTS FROM SOIL

Susan G. Donaldson*, Glenn C. Miller, and W.W. Miller, University of
Nevada, REN0 ------cccmmmmoi i e it e e ie e e cccmcccccacaene 18

IDENTIFICATION OF THE DIFFERENCES BETWEEN ONSITE AND

LABORATORY pH DETERMINATIONS USING A QUALITY-ASSURANCE
PROGRAM

LeRoy J. Schroder*, Randolph B. See, and Timothy C. Willoughby,
U.S. Geological Survey - - ---- - cceommmme oo ias 84

SESSION 8
Nonpoint Sources

EVALUATING NONPOINT-SOURCE CONTAMINANTS IN THE CONESTOGA
HEADWATERS, PENNSYVANIA

Kevin M. Kostelnik, U.S. Geological Survey - - - - - -«c--eemeccaeecoaaannn-n 47
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820 THE EFFECTS OF LAND-MANAGEMENT PRACTICES ON SURFACE- AND
GROUND-WATER QUALITY IN RURAL NORTHEASTERN GUILFORD

COUNTY, NORTH CAROLINA
Catherine L. Hill, U.S. Geological Survey - - - - = = = = === oo s m e e e e e oo 38

8:40 HERBICIDES IN SURFACE AND GROUND WATER, CEDAR RIVER BASIN,
IOWA AND MINNESOTA
Paul J. Squillace*, Mark W. Sandstrom, and Wilfred E. Pereira,
U.S. Geological Survey - --------ccmemmmm e 95

9:00 EFFECTIVENESS OF AQUIFERS IN THE DILUTION OF NONPOINT SOURCE
LOW MCL CONTAMINANTS
W. Bruce Moore* and Honesto Roaza, Northwest Florida Water Management
1D T ¢ T A 64

9:20 THE ROLE OF SUBMARINE GROUNDWATER DISCHARGE TO NUTRIENT
FLUX IN COASTAL AND OCEANIC ENVIRONMENTS

George M. Simmons, Jr., Virginia Polytechnic Institute and State University - - - - - - 89
SESSION 9
Subsurface Microbiology
Page

8:00 MEASURING HYDROGEN CONCENTRATIONS IN GROUND WATER:
A TOOL FOR EVALUATING BACTERIAL PROCESSES IN DEEP
AQUIFER SYSTEMS
Francis H. Chapelle* and Derek R. Lovley, U.S. Geological Survey ------------ 10

820 THE PRODUCTION AND CARBON ISOTOPIC COMPOSITION OF BACTERIAL
CO; IN DEEP COASTAL PLAIN SEDIMENTS OF SOUTH CAROLINA o
Peter B. McMahon*, U.S. Geological Survey, and Douglas F. Williains, University
of South Caroling - - - ----cvemmmmmmmecmcme s cemmmmmmem o 59

8:40 ABILITY OF MICROBIAL COMMUNITIES FROM A PRISTINE AQUIFER TO
DEGRADE XENOBIOTIC COMPOUNDS
C. Marjorie Aelion*, U.S. Geological Survey, and Frederic K. Pfaender,
University of North Carolina - - - - == === === === ====msmcmmmmmmaenon e 1

9:00 MICROBIALLY CATALYZED REDUCTION OF IRON AND MANGANESE
Derek R. Lovley* and Elizabeth J.P. Phillips, U.S. Geological Survey - ---------- 54

9:20 OXIDATION OF AROMATIC CONTAMINANTS COUPLED TO MICROBIAL

REDUCTION OF IRON .
Derek R. Lovley, Debra J. Lonergan*, Elizabeth J.P. Phillips, and Isabelle M.

Cozzarelli, U.S. Geological Survey - - - - ==~ - === =--==-csmm---mmmnoo-n-

CONCURRENT SESSIONS
Tuesday Moming, November 14, 10:00— 11:40

SESSION 10

Geochemistry
Page

10:00 GLACIAL-ICE GEOCHEMISTRY, KNIFE POINT GLACIER, WIND RIVER
RANGE, WYOMING--RECONNAISSANCE-PHASE RESULTS .
David L. Naftz*, Howard E. Taylor, U.S. Geological Survey, Janes A. Rice,
South Dakota State University, and Jamnes R. Ranville, US. Geological Survey -- 66

10:20 GEOCHEMISTRY OF IRON IN A SAND DUNE AQUIFER USED FOR
MUNICIPAL AND INDUSTRIAL WATER SUPPLY NEAR COOS BAY AND

NORTH BEND, OREGON
Gilbert C. Bortleson, U.S. Geological Survey ---------=--==---=--==-======°~
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AQUEQUS GEOCHEMISTRY OF THE SAND-AND-GRAVEL AQUIFER AND
THE FLORIDAN AQUIFER SYSTEM, FLORIDA
Brian G. Katz*, Anne F. Choquette, and Ruth M. Roaza, U.S. Geological Survey -- 44

WATER-CHEMISTRY AND BIOLOGICAL RECONNAISSANCE OF CORE
MATERIAL FROM HYDROGEOLOGIC UNITS IN THE COASTAL PLAIN OF
NEW JERSEY
Amleto A. Pucci, Jr.*, Ted Ehlke, and James P. Owens, U.S. Geological Survey --- 75

GEOCHEMICAL CONTROLS ON RADIONUCLIDE MOBILITY IN SHALLOW
GROUND WATER NEAR AN EPHEMERAL STREAM IN NORTHEASTERN
ARIZONA

P.C. Van Metre*, Laurie Wirt, and J.R. Gray, U.S. Geological Survey ---------- 103

SESSION 11
Irrigation Drainage Program

Page

SPECIATION OF SOLUBLE AND ADSORBED SELENIUM IN SOILS, WESTERN
SAN JOAQUIN VALLEY, CALIFORNIA
Roger Fujii, U.S. Geological Survey - - - - =~ - ccmcmmmcmc e oo - 28

GROUND-WATER FLOW TO SUBSURFACE AGRICULTURAL DRAINS IN
THE WESTERN SAN JOAQUIN VALLEY, CALIFORNIA
John Fio* and Steven J. Deverel, U.S. Geological Survey - - ----------noucnn-- 25

CONTROLS ON DRAINWATER COMPOSITION IN THE IMPERIAL VALLEY,
CALIFORNIA
Roy A. Schroeder*, James G. Setmire, and Jill N. Densmore,
U.S. Geological Survey ----ccccmeccmmc e ceee e ieee e e 85

MERCURY AND SELENIUM CONCENTRATIONS IN SURFACE WATER,
BOTTOM SEDIMENT, AND BIOTA, STILLWATER WILDLIFE
MANAGEMENT AREA AND VICINITY, CHURCHILL COUNTY, NEVADA
Timothy G. Rowe, U.S. Geological Survey ------=--cecececamancnaaannnn 80

SELENIUM IN SOILS AND VEGETATION AT THE KENDRICK
RECLAMATION PROJECT AREA, WYOMING

James G. Crock*, R.C. Severson, and J.A. Erdman, U.S. Geological Survey ------ 14
SESSION 12
Water Quality Assessment
Page

DEVELOPMENT OF SURFACE WATER QUALITY STANDARDS FOR TOXIC
SUBSTANCES "THE WISCONSIN EXPERIENCE"
John R. Sullivan, Wisconsin Department of Natural Resources --------------- 97

DATA MANAGEMENT, CLEANUP, AND ANALYSIS FOR FLORIDA’S
AMBIENT BACKGROUND GROUND WATER MONITORING NETWORK
Tim Glover, Florida Department of Environmental Regulation - -------------- 30

APPLICATION OF GEOGRAPHIC INFORMATION SYSTEMS TO STATEWIDE
WATER-QUALITY ASSESSMENT
R.A. Smith* R.B. Alexander, K.W. Robinson, C.V. Price, D.A. White, K.F. Lins, and
S.KJenson, U.S. Geological Survey -------cc-cmcmcocamoacncanenan 92

RESULT OF A WATER QUALITY MONITORING AND MODELING PROGRAM
FOR THE PATUXENT RIVER BASIN, MARYLAND
Robert M. Summers, Maryland Department of the Environment - - - ----------- 98

XXVI



11:220 APPLICATION OF A WATER-QUALITY INDEX

8:00

8:20

8:40

9:00

9:20

8:00

820

8:40

9:00

9:20

Eliane D. Abdala, Ministerio Da Ciencia E Tecnologia De Minas Gerais,

Brazil, and Herman R. Feltz*, U.S. Geological Survey - - - - - == - -« -c- oo -n 1
CONCURRENT SESSIONS
Wednesday Moming, November 15, 8:00— 9:40
SESSION 13
Quality Assurance
Page

SUGGESTIONS FOR A QUALITY ASSURANCE PROGRAM FOR
EVALUATING LABORATORIES
David E. Erdmann, U.S. Geological Survey -------------ccomocomma o 21

ASSURING DATA QUALITY AT THE U.S. GEOLOGICAL SURVEY NATIONAL
WATER QUALITY LABORATORY
Jeffrey W. Pritt, U.S. Geological Survey - ---------ccemmmoommnnaaann 74

RETRIEVAL AND ANALYSIS OF THE RESULTS FROM THE BLIND SAMPLE
QUALITY-ASSURANCE PROGRAM AT THE NATIONAL WATER QUALITY
LABORATORY OF THE U.S. GEOLOGICAL SURVEY

Keith J. Lucey, U.S. Geological Survey - - - - - == - == ---cvemcmmomnnnnaann. 55

STATISTICAL APPLICATIONS USED IN THE U.S. GEOLOGICAL SURVEY’S
EVALUATION PROGRAM FOR STANDARD REFERENCE SAMPLES
H. Keith Long, U.S. Geological Survey - - - = - - <= ---ccccvcmcocmanamnaann. 53

QUALITY-ASSURANCE PROGRAM FOR A PRECIPITATION-MONITORING

NETWORK
R.B. See, B.A. Malo*, L.J. Schroder, and T.C. Willoughby, U.S. Geological Survey - 86

SESSION 14

Field Methods
Page

FIELD METHOD FOR SOLID-PHASE EXTRACTION OF HERBICIDES IN

SURFACE AND GROUND WATER
Mark W. Sandstrom, U.S. Geological Survey ------------------2--------- 82

IMPROVED SAMPLING METHODS FOR ORGANIC CONSTITUENTS
Larry R. Shelton, U.S. Geological Survey - ---~--------=---c--cocommonnn- 89
DETECTION OF COLLOIDS BY ULTRAFILTRATION DOWNSTREAM FROM
ACID MINE DRAINAGE, UPPER ARKANSAS RIVER, COLORADO
Briant A. Kimball*, Gregory A. Wetherbee, E.C. Callender, and Ellen Axtman
U.S. Geological Survey - -------------mmmcmcomccomcmmocnnomoe e 45
ACCURACY OF USGS MINIMONITOR MEASUREMENTS IN LOW SOLUTE

CONTENT STREAMS . . .
D.V. Peck*, M.A. Stapanian, R.C. Metcalf, Lockheed Engineering & Sciences Co.,

Inc., and D.T. Heggem, U.S. Environmental Protection Agency ------------- 70

EVALUATION OF A MODIFIED COMMERCIAL AUTOMATIC SAMPLER FOR
THE COLLECTION OF WATER SAMPLES CONTAINING T'RACE ORGAI‘{ICS
D.Y. Tai*, Marshall E. Jennings, Kevin D. White, and L.A. Garcia, U.S. Geological
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Subsurface Microbiology

Page

TRANSPORT OF BACTERIA THROUGH CONTAMINATED AQUIFER
SEDIMENTS IN SMALL-SCALE TRACER EXPERIMENTS: THE ROLE OF
SORPTIVE FILTRATION
Ronald W. Harvey* and Stephen P. Garabedian, U.S. Geological Survey -------- 35

USE OF DNA (DEOXYRIBONUCLEIC ACID) AND TANC (TOTAL
ADENYLATE NUCLEOTIDE CONTENT) MEASUREMENTS FOR
DELINEATING MICROBIAL ACTIVITY AND ESTIMATION OF BIOMASS IN
AN ORGANICALLY CONTAMINATED AQUIFER
David W. Metge*, Ronald W. Harvey, Myron H. Brooks, and Richard L. Smith,
U.S. Geological Survey - --=--ccemommmmm e a e o 61

SORPTION AND DESORPTION OF HYDROPHOBIC ORGANIC
CONTAMINANTS IN SATURATED GROUNDWATER SYSTEMS

C.T. Miller* and J.A. Pedit, University of North Carolina ------------------- 62
DEPRESSED REDOX POTENTIAL TO ENHANCE MICROBIAL
DECHLORINATION OF PCBs
Stephen F. Pederson* and Ronald D. Neufeld, University of Pittsburgh ---~------ )1

THE ANAEROBIC BIOREMEDIATION OF TCE CONTAMINATED AQUIFERS;
A FEASIBILITY STUDY
Peter R. Jaffe'*, Stewart W. Taylor, and Naresh Singhal, Princeton University ---- 42
CONCURRENT SESSIONS
Wednesday Moming, November 15, 10:00— 11:40
SESSION 16
Mississippi River Studies

Page

SAMPLING STRATEGIES AND PROCEDURES FOR TRACKING TOXIC
CHEMICALS THROUGH LARGE RIVER SYSTEMS SUCH AS THE
MISSISSIPPI RIVER
Robert H. Meade, U.S. Geological Survey ---------=--------ommmmmean 60

OCCURRENCE AND DISTRIBUTION OF TRACE METALS IN THE MISSISSIPPI
RIVER
Howard E. Taylor*, John R. Garbarino, and Terry I. Brinton, U.S. Geological
SUIVEY = - mm s m e e e e 99

OCCURRENCE, DISTRIBUTION, TRANSPORT AND FATE OF SYNTHETIC
ORGANIC CONTAMINANTS IN THE LOWER MISSISSIPPI RIVER AND ITS
MAJOR TRIBUTARIES

W.E. Pereira*, C.E. Rostad, and T.J. Leiker, U.S. Geological Survey ----------- 72

DETERMINATION OF HALOGENATED ORGANIC COMPOUNDS IN
MISSISSIPPI RIVER SUSPENDED SEDIMENT BY NEGATIVE ION
CHEMICAL IONIZATION MASS SPECTROMETRY
C.E. Rostad*, W.E. Pereira and T.J. Leiker, U.S. Geological Survey ----------- 79

POLYETHYLENE-GLYCOL RESIDUES FROM NONIONIC SURFACTANTS IN
THE LOWER MISSISSIPPI RIVER
J.A. Leenheer*, R.L. Wershaw, P.A. Brown, and T.I. Noyes,
U.S. Geological Survey ------------oommmmam i e 50
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Page

OCCURRENCE AND MOVEMENT OF RADIONUCLIDES IN THE PUERCO
RIVER BASIN, ARIZONA AND NEW MEXICO
Laurie Wirt*, J.R. Gray, and P.C. Van Metre, U.S. Geological Survey ---------- 109

HYDROGEOLOGIC CONTROLS ON THE DISTRIBUTION OF RADON-222 IN
GROUND WATER OF WEST-CENTRAL NEVADA
Jennifer L. Hughes*, Michael S. Lico, and Alan H. Welch, U.S. Geological Survey - 40

STABLE CARBON-ISOTOPE RATIOS AS TRACERS OF SOURCES OF
ALKALINITY IN SMALL WATERSHEDS
Carol Kendall, U.S. Geological Survey - - - ------=---ommncmmnammnaannann 45

USE OF DEUTERIUM AND OXYGEN-18 TO TRACE THE INDUCED
INFILTRATION OF DELAWARE RIVER WATER INTO THE
POTOMAC-RARITAN-MAGOTHY AQUIFER SYSTEM, CAMDEN AREA,

NEW JERSEY
Steven D. McAauley* and Carol Kendall, U.S. Geological Survey ------------- 56

APPLIED RESEARCH USING CHLORINE-36 AS A HYDROGEOLOGIC TOOL
G. Vourvopoulos*, Western Kentucky University, J.V. Brahana and T.F. Kraemer,
U.S. Geological Survey, W. Wolfli, M. Suter, and A. Synal, Federal Institute of

Technology, Switzerland - - == - - - == ====nam=msemoocsaamncmmaaann 104
SESSION 18
Program and Network Design
Page
INVITED SPEAKER
EPA’S NONPOINT SOURCE PROGRAM
Geoffrey H. Grubbs, U.S. Environmental Protection Agency - - ---=-=----------- 33
INVITED SPEAKER

THE AMBIENT GROUND-WATER QUALITY MONITORING PROGRAM OF
FLORIDA .
Rick Copeland, Florida Department of Environmental Regulation - - - - - - - - - - - -~ 12

INVITED SPEAKER
APPLICATION OF THE BATTERY OF TESTS APPROACH AND RANKING
SCHEME TO ENVIRONMENTAL SAMPLES
B.J. Dutka. Canada Centre of Inland Waters -------=-========-===-===---- 19

INVITED SPEAKER
GROUNDWATER PROTECTION PROGRAMS IN ILLINOIS: APPLICATION
OF GEOLOGIC MAPPING AND BASIC HYDROGEOLOGIC PRINCIPLES
Dennis P. McKenna*, Richard C. Berg, and John P. Kempton. Illinois State
Geological Survey - - - = = <= =a====mmmamonoomaanasssa o mm s

INVITED SPEAKER
WESTERN INVESTIGATIONS OF IRRIGATION-INDUCED WATER-QUALITY

PROBLEMS )
Jonathan P. Deason, U.S. Department of the Interior -----=-=-----==-------=~

INVITED SPEAKER
NATIONAL PARK SERVICE WATER-QUALITY PROGRAM
Nancy E. Driver, National Park Service
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CONCURRENT SESSIONS
Wednesday Aftermoon, November 15, 1:00— 2:40

SESSION 19
Mississippi River Studies--Mercury Contamination

A RECONNAISSANCE STUDY OF THE DISTRIBUTION OF HALOGENATED
ORGANIC COMPOUNDS IN CATFISH FROM THE LOWER MISSISSIPPI
RIVER AND ITS TRIBUTARIES

Thomas J. Leiker*, Wilfred E. Pereira, Colleen E. Rostad, and Charles Barnes,
U.S. Geological Survey --------cccccccmcmomcnnmo oo

URANIUM-SERIES RADIONUCLIDES IN THE MISSISSIPPI RIVER
Brent A. McKee, Louisiana Universities Marine Consortium - ---«-«----------

RADIUM IN THE LOWER MISSISSIPPI RIVER
T.F. Kraemer, U.S. Geological Survey -----------ccccceccmcccnannonnnn

CONSIDERATIONS IN INTERPRETING MERCURY CONCENTRATIONS IN
WATER SAMPLES COLLECTED BY THE U.S. GEOLOGICAL SURVEY
Wayne E. Webb, U.S. Geological Survey ----------cccmmcmomcnonnnn

EFFECT OF STORING DILUTE MERCURY SOLUTIONS IN POLYETHYLENE
BOTTLES
Marvin J. Fishman*, David E. Erdmann, and Jerry V. Farrar, U.S. Geological
N g e T

SESSION 20
Water Quality Assessments

ENHANCEMENT OF A HYDROLOGIC BENCH-MARK NETWORK SITE
John T. Turk, U.S. Geological Survey - --------ccccccmmocnccnmcocnoncnn-

USE OF MULTIVARIATE TECHNIQUES FOR BACKGROUND AND
ANTHROPOGENIC-SOURCE ANALYSIS OF TRACE ELEMENTS IN
STREAMBED MATERIALS IN THE UPPER ILLINOIS RIVER BASIN IN
ILLINOIS, INDIANA, AND WISCONSIN

Steven M. Smith, Richard F. Sanzolone, and John A. Colman*,
U.S. Geological Survey - -----c--cccccmcmcmm i ccic e et

OCCURRENCE AND DISTRIBUTION OF NUTRIENTS AND DISSOLVED
OXYGEN IN THE UPPER ILLINOIS RIVER BASIN IN ILLINOIS, INDIANA,
AND WISCONSIN: RESULTS OF A 1988 LOW-FLOW SYNOPTIC SURVEY

Paul J. Terrio, U.S. Geological Survey ---------c-ccccmcccmmcmcnacnn--

EFFECT OF FLOW CONDITIONS ON STREAM REAERATION COEFFICIENTS
James L. Smoot, U.S. Geological Survey -------ccccoccoccmonanoann

ANALYSIS OF VARIANCE IN THE SAMPLING OF STREAMBED MATERIALS
FOR ANTHROPOGENIC ORGANIC COMPOUNDS
Kevin D. White, U.S. Geological Survey - - - === - =----ccececcccocmcnnnnna-

SESSION 21
Aquatic Biology
INVERTEBRATE DRIFT AS A BIOLOGICAL INDICATOR OF WATER

QUALITY
Keith V. Slack*, Larry J. Tilley, and Susan S. Kennelly, U.S. Geological Survey - - - -
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COMPARATIVE BIOCONCENTRATION OF SELENATE AND SELENITE
BY BLUEGILL (LEPOMIS MACROCHIRUS) AND FATHEAD MINNOWS

(PIMEPHALES PROMELAS)
Richard S. Ogle* and Allen W. Knight, University of California, Davis ---------- 67

THE EFFECTS OF FRESHWATER INFLOW ON THE PHYTOPLANKTON
CARBON-14 PRODUCTIVITY AND CHLOROPHYLL-A IN THE
CHARLOTTE HARBOR ESTUARINE SYSTEM, SOUTHWESTERN FLORIDA

Benjamin F. McPherson*, U.S. Geological Survey, and Ralph T. Montgomery,

Environmental Quality Laboratory, Inc. ----------ccvuommooonaanannno 60
PRIMARY PRODUCTION OF BIG LAKE, SOUTH-CENTRAL ALASKA
Paul F. Woods, U.S. Geological Survey -----------cccemmcnoooonnnnnn- 109

THE BACTERIOLOGICAL QUALITY OF STREAMS IN TROPICAL ISLANDS
Roger S. Fujioka*, University of Hawaii, and Johnson Yee, U.S. Geological Survey - 28

CONCURRENT SESSIONS
Wednesday November 15, 3:10— 4:50

SESSION 22
Agricultural Chemicals

Page

A RECONNAISSANCE FOR TRIAZINE HERBICIDES IN SURFACE WATERS
OF THE UPPER MIDWESTERN UNITED STATES
Donald A. Goolsby*, E. Michael Thurman, Dana W. Kolpin, and Mark G. Detroy,
U.S. Geological Survey - ----------c-ccmcmmomcemmnmmma e 31

CONTAMINATION OF GROUND AND SURFACE WATER BY
AGRICULTURAL CHEMICALS, BIG SPRING BASIN, CLAYTON COUNTY,
IOWA
Stephen J. Kalkhoff, U.S. Geological Survey - - - - - - == ----------c-mcnnmmnn- 43

IMPACT OF AN ARTIFICIAL RECHARGE STRUCTURE ON PESTICIDE
CONCENTRATIONS IN THE ADJACENT GROUND WATER

Mary E. Exner, University of Nebraska ------------------ceoocomnnnnnnn 23
INDICATORS OF PESTICIDES IN SHALLOW AQUIFERS INIOWA
Dana W. Kolpin* and Michael R. Burkart, U.S. Geological Survey - - ----------- 47

VARIATION IN CONCENTRATIONS OF ATRAZINE AND NITRATE IN
GROUND WATER BENEATH AN IRRIGATED CORN FIELD NEAR
SHELTON, NEBRASKA
A.Douglas Druliner*, Abraham H. Chen, and Dwight Q. Tanner,
U.S. Geological Survey - - ---=-----===---ccc-c-mmmsnnoooomnooon--- 19

SESSION 23
Ground Water Toxics

GROUND-WATER CHEMISTRY AT THE BUILDING 24 RESEARCH SITE
PICATINNY ARSENAL, NORTH-CENTRAL NEW JERSEY )
Thomas E. Imbrigiotta* and Patrick J. Witkowski, U.S. Geological Survey ------- 41

VOLATILE ORGANIC ACIDS IN ORGANIC-RICH AQU_IFERS
Mary Jo Baedecker, Isabelle Cozzarelli*, and Don Goerlitz,
USS. Geological Survey - - - == ----===-==ccccs-mmmommonooommmmmson- 4

ADSORPTION OF TRICHLOROETHYLENE TO MICROBIAL BIOMASS AND
PEAT AT PICATINNY ARSENAL, NEW JERSEY
Theodore A. Ehlke, U.S. Geological Survey - ------==---------=-----=-=-~-~ 20
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NONPOINT SOURCE CONTAMINATION OF GROUND WATER IN CENTRAL
FLORIDA FROM URBAN RUNOFF, CITRUS CULTIVATION, AND
PHOSPHATE MINING

Edward R. German, U.S. Geological Survey - -~ ---=----=---ccccocemcnaono-

HYDROLOGIC AND GEOLOGIC FACTORS AFFECTING THE SHAPE OF A
SEWAGE PLUME ON CAPE COD, MASSACHUSETTS
Denis R. LeBlanc, U.S. Geological Survey -----=---=-cc-ccmcmmomonananno.
SESSION 24
Atmospheric Deposition

GEOCHEMICAL PROCESSES AFFECTING STREAMWATER SOLUTE
COMPOSITION AND TRANSPORT IN A FORESTED PIEDMONT
WATERSHED

Norman E. Peters, U.S. Geological Survey -----------cccmomommmonnnnnn.

FACTORS CONTROLLING AQUEQUS SULFATE CONCENTRATIONS AT
PANOLA MOUNTAIN, GEORGIA
James B. Shanley*, Norman E. Peters, and Richard P. Hooper,
U.S. Geological SUrvey - ----c-cmmmmoamom oo

A COMPARISON OF RESULTS FROM FIXED-INTERVAL AND STORM-BASED
SAMPLING AT A CALIBRATED WATERSHED IN THE GEORGIA
PIEDMONT

Richard P. Hooper*, Norman E. Peters, and James B. Shanley,
U.S. Geological Survey - - - - - ccemmmocmcm e

PRECIPITATION AND STREAM-WATER CHEMISTRY IN NORTH-CENTRAL
MARYLAND
Karen C. Rice* and Owen P. Bricker, U.S. Geological Survey ----------------

CHEMISTRY OF SNOWPACK AND GROUND WATER IN THE VICINITY OF
TWO NORTHWESTERN WISCONSIN SEEPAGE LAKES
Dennis A. Wentz, U.S. Geological Survey----------c--ommomnmmcmnaannno.

CONCURRENT SESSIONS
Thursday Moming, November 16, 8:00— 9:40

SESSION 25
Laboratory Methodology

EFFECTS OF EXTRACTION PROCEDURES ON ANALYSIS OF WATER FROM
CONFINING UNITS IN THE NEW JERSEY COASTAL PLAIN
Mark A. Hardy* and Amleto A. Pucci, Jr., U.S. Geological Survey - - - - ---------

LOW-LEVEL NUTRIENT ANALYSIS OF NATURAL-WATER SAMPLES USING
A RAPID-FLOW ANALYZER
Donna L. Milne*, Merle Shockey, Tom Bushly, and Carl Harris,
U.S. Geological Survey - - ==« o e cmvmmmmmmecae oo

RAPID DETECTION OF HUMAN ENTEROVIRUSES RECOVERED FROM
WATER BY THE NITROCELLULOSE-ENZYME IMMUNOASSAY (NC-EIA)
AND ITS AMPLIFICATION BY STREPTAVIDIN-BIOTIN (SAB)

Philip C. Loh*, Roger S. Fujioka, and L. Stephen Lau, University of Hawaii - - - - - -
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APPLICATION OF A WATER-QUALITY INDEX

Eliane D. Abdala
Ministerio Da Ciencia E Tecnologia De Minas Gerais
Av. Jose Candido da Silveira, 2000
Belo Horizonte-MG - 30000 - Brazil

A water-quality index (WQI) is
one means of summarizing water-
quality measurements at a given
site to permit a comparison of
relative water quality at different
locations on the same stream or
river. In addition, a WQI permits
comparison of water quality
between rivers in the same
hydrographic basin, and among
rivers in different hydrographic
basins. The principal advantage of
a WQI is that the index is an objec-

Herman R. Feltz*
U.S. Geological Survey
Office of Water Quality

412 National Center

Reston, Virginia 22092

tive multivariate function of the
concentration of each individual
constituent. Use of the WQI can
help establish sampling frequency
at stations as well as provide an
early alert to changing conditions.

Based on the WQI calculated for
the sampling station Ponte Novado
Paraopeba, Minas Gerais, Brazil, it
would be desirable to continue
operation at this sampling site with
a frequency of at least sixteen
samples per year. Based on the

pattern of land and water use
observed in the basin, analysis for
chlorinated pesticides needs to be
emphasized during the rainy
season, and analysis of toxic metals
emphasized during the dry season.
Further use of the methodology
developed for calculating the WQI
for the Ponte Nova site is desirable
for evaluating water-quality

monitoring throughout Brazil.
*Presenting author.

ABILITY OF MICROBIAL COMMUNITIES FROM A PRISTINE AQUIFER
TO DEGRADE XENOBIOTIC COMPOUNDS

C. Marjorie Aelion*

U.S. Geological Survey
Water Resources Division
1835 Assembly Street, Suite 677A
Columbia, South Carolina 29201

This study examined the ability of
the microbial community from a
pristine aquifer near Lula,
Oklahoma, to degrade a variety of
organic compounds under aerobic
conditions. Degradation and
adaptatlon were monitored using

C-radiolabeled substrates by

14
measuring - CO2 production over
time. Adaptation was defined
functionally as an increase in the
rate of mineralization of the

C radiolabeled substrates with
exposure to the chemical.

Several patterns of microbial
response to xenobiotic com-
pounds were evident. For some

compounds, such as chloroben-
zene, 1,24-trichlorobenzene and
toluene, limited mineralization
(less than 0.5 percent) was
detected during more than 8
months of incubation. Inter-
mediate rates of biodegradation
were observed for m-cresol,
m-aminophenol and aniline. A
maximum of 10 to 15 percent of
these radiolabeled compounds was
respired during the 3 to 5 months of
incubation. Phenol, ethylene
dibromide and p-chlorophenol
were rapidly mineralized, to a
maximum of 20 to 35 percent within
the first few weeks of incubation.

Frederic K. Pfaender
University of North Carolina
Department of Environmental Sciences
and Engineering
Chapel Hill, North Carolina 27599-7400

Of the compounds examined,
only p-nitrophenol and m-nitro-
phenol elicited an adaptation
response in the microbial
community. The length of the
adaptation period to p-nitrophenol
varied from 1 to 6 weeks in different
sediment samples. Adapted rates
of biodegradation were rapid, and
a maximum of 60 percent of the
p-nitrophenol added was respired
by the adapted community. These
results suggest that community
adaptation as well as mineraliza-
tion rates are largely compound

specific.
*Presenting author.



A COMPUTERIZED SYSTEM FOR THE DETECTION AND ANALYSIS OF
LONG-TERM TRENDS IN WATER-QUALITY DATA

Richard B. Alexander*
U.S. Geological Survey
Water Resources Division
Branch of Systems Analysis
410 National Center

Reston, Virginia 22092

On the basis of recent
experiences obtained in several
national and statewide U.S.
Geological Survey water-quality
investigations, a comprehensive set
of data management and statistical
computer programs has been
developed for the detection and
analysis of monotonic trends in
censored and uncensored water-
quality data. The computer
programs are designed for the
analysis of long-term, regularly-
collected water-quality records. A
parametric trend technique is used
to estimate trends in censored con-
stituents (those constituents where
more than 5 to 10 percent of the
observations are reported as less
than a specified detection limit),
The censored trend technique con-
sists of a maximum-likelihood pro-

cedure for estimating the
parameters (intercept and slope)
of a linear regression of constituent
concentration on time. A non-
parametric test for trend, the
Seasonal Kendall test, is used for
constituents designated as uncen-
sored. Estimates of moments and
percentiles are provided as part of
the censored and uncensored
statistical procedures. The uncen-
sored trend procedure provides for
the removal of the effects of
seasonal and flow variations on
water-quality concentrations.
Adjustment for seasonal effects
requires that the user specify
seasons from information about the
sampling frequency at individual
stations or from knowledge of
water-quality processes in the
study area. Flow dependence in

Terry L. Schertz and Dane J. Ohe
U.S. Geological Survey
Water Resources Division
8011 Cameron Road, Building 1
Austin, Texas 78753

the water-quality data is removed
prior to trend testing by performing
regressions of constituent con-
centration on dishcarge. The
residuals (flow-adjusted con-
centrations) from the "best" regres-
sion model are then tested for time
trend. The "best" concentration-
flow regression model may be
determined by the user or selected
according to an automated evalua-
tion of the model fit. Trend results
may be calculated for any specified
period of the record. For uncen-
sored constituents, trend results
are computed for individual
seasons, flow-adjusted values, and
unadjusted values. Mapping, plot-
ting, and tabling routines are avail-
able to examine the data and

results.
*Presenting author.

PRESIDENT’S INITIATIVE ON ENHANCING WATER QUALITY

On February 9, 1989, in his
message to a joint session of
Congress, President Bush
committed his administration to
"...protecting the Nation’s
groundwater resources from
contamination by fertilizers and
pesticides...". Since that time, the
U.S. Departments of Agriculture,
Interior, and Commerce and the
Environmental Protection Agency

C.R. Amerman
U.S. Department of Agriculture
Agricultural Research Service
Office of the Administrator
Washington, DC 20250

have developed a coordinated
five-year plan to honor that
commitment. Building on an inter-
agency resource base of about $226
million, a $64 million increase was
proposed to take effect in Fiscal
Year 1990. With a whole-system
emphasis, Agriculture will work on
the development and demon-
stration of agricultural manage-
ment practices designed to avoid

water-quality degradation.
Commerce will monitor the effects
of agricultural runoff on coastal
and inland waterways. EPA will
work to improve farmer’s and
rancher’s understanding of
agriculture’s obligations as
stewards of water quality. Interior
will measure and monitor water
quality.



FIELD MEASUREMENTS OF DISSOLVED NITROGEN AND OXYGEN IN
GROUND WATERS OF THE BLACK HILLS AREA, SOUTH DAKOTA

Mark T. Anderson*
U.S. Geological Survey
Water Resources Division
Room 237, 515 9th Street

Rapid City, South Dakota 57701

The concentration and percent
saturation of dissolved nitrogen
and oxygen were determined at 26
sites during a one-year period for
the purpose of investigating the
occurrence and process of nitrogen
gas supersaturation in aquifers
underlying the Black Hills area of
South Dakota. The waters tested
were drawn from wells or springs
that discharge from the Madison,
Minnelusa, and Deadwood Forma-
tions. Mean percent saturation

ranged from 1059 to 122.5 (144 to
20.1 milligrams per liter) for
nitrogen and from 4.6 to 119.9 (0.5
to 12.4 milligrams per liter) for
oxygen. The isotopic ratios of
ND/NH range froma SPNof +02
®/oo to +0.8 °/oo, which suggests
that the nitrogen is atmospheric in
origin rather than resulting from
denitrification within the aquifers.

The concentrations of nitrogen
gas were measured using a portable
field instrument known as a Weiss

Janelle M. Williams
CH2M Hill
P.O. Box 2090
Milwaukee, Wisconsin 53201-2090

Saturometer. The analytical
results obtained in the field with the
saturometer were compared with
those obtained in the laboratory
using gas chromatography; the
results were found to be the same
(within the accuracy of measure-
ments). Field measurement of
dissolved nitrogen in water is now
possible for a variety of

applications.
*Presenting author.

USDA RESEARCH PLAN FOR WATER QUALITY

Loris E. Asmussen
U.S. Department of Agriculture
Agricultural Research Service

Southeast Watershed Research Laboratory

The use of agricultural chemicals
has steadily increased since World
War II. Now roughly 330 thousand
tons of pesticides and 10.6 million
tons of N as commerical fertilizer
and 10 million tons through
manures, crop residues, rainfall,
and biological fixation are applied
to agricultural crops yearly. With
this increased use of chemicals,
public concern has also increased.
Both surface and subsurface water
quality is now a major issue as
shown by both Federal and State
legislation. Major legislation was
initiated with the U.S. Federal
Water Pollution Control Act of
1972 (P.L. 92-500) which set the

P.O. Box 946
Tifton, Georgia 31793

goal "to restore and maintain the
chemical, physical, and biological
integrity of the nation’s waters."
Since that time other major legisla-
tion has been passed with the last
being the 1987 Amendment of the
1977 Clean Water Act.
Undoubtedly other legislation will
be enacted in FY 89 or 90. The
United States Department of
Agriculture has, during this period,
also increased its emphasis on
education, extension, and research.
Emphasis during the 70’s was on
surface water quality, and during
the 80’s emphasis was placed on the
effects of agricultural management
on ground water quality recharge.

The goal of the department is to
develop systems to manage chemi-
cals within the plant rootzone. This
will require the cooperation of
extension, education and research
personnel to "maintain and manage
the environmental and natural
resources associated with
agriculture." The USDA 1989
Research Plan for Water Quality,
and the ARS Strategic Ground
Water Plan, which contains two
parts, Pesticides and Nitrates, will
be reviewed. The goals, objectives,
elements, and priorities are
reviewed and the relationship to
other U.S. Government agencies
discussed.



VOLATILE ORGANIC ACIDS IN ORGANIC-RICH AQUIFERS

Mary Jo Baedecker and Isabelle Cozzarelli*
U.S. Geological Survey
Branch of Regional Research, NR
MS 431 National Center
Reston, Virginia 22092

Volatile organic acids (molecular
weight less than 200) are produced
as intermediates by microbial
processes in natural and
contaminated organic-rich
sediments. Aliphatic acids, found
in concentrations of up to 470
milligrams per liter, were identified
in several aquifers that are anoxic
and have high concentrations of
dissolved organic carbon, iron,
manganese, methane, and carbon
dioxide. These acids alter the
geochemistry of the water, affect
the solubility of minerals, complex
with metals, and may cause

spreading of a contaminant plume
because of their solubilities.

At one site, aliphatic and
aromatic acids were found in
anoxic ground water near an oil
lens. Analysis of distilled water
equilibrated with oil indicated that
the acids were not original
components of the oil. The
concentration of organic acids near
the oil source was 3.1 milligrams
per liter; these acids contain 6.5
percent of the dissolved organic
carbon. Their concentrations
decreased to less than 1 percent of
the organic carbon 20 meters

Don Goerlitz
U.S. Geological Survey
Branch of Regional Research, WR
345 Middlefield Road, MS 421
Menlo Park, California 94025

downgradient from the source.
The alkyl benzoic acids identified
in the ground water near the source
were related structurally to alkyl
benzenes from the oil. These acids
most likely were produced within
the plume during degradation of
the dissolved hydrocarbons.
Microcosm experiments were
undertaken to investigate further
the degradation of hydrocarbons
and formation of acids as
intermediates under controlled

conditions.
*Presenting author.

NITRATE IN GROUND WATER AT A FARM IRRIGATED WITH TREATED
SEWAGE AND INORGANIC FERTILIZERS, TALLAHASSEE, FLORIDA

Secondary-treated sewage and
inorganic fertilizers have been
applied to fodder crops at a
1,840-acre farm near Tallahassee
since 1980. The site is irrigated in
center-pivot tracts and underlain
by a surficial aquifer, consisting of
sand and silt with some clay layers,
and by the Upper Floridan aquifer,
consisting of carbonate rocks.
Nitrate concentrations in ground
water have increased since 1981.
Comparison of water from the
unsaturated zone with ground
water showed that conversion of
ammonia and organic nitrogen to
nitrate was complete before the
nitrogen-enriched water reached
the water table.

Marian P. Berndt
U.S. Geological Survey
Water Resources Division
Suite 3015
227 North Bronough Street
Tallahassee, Florida 32301

Nitrate enrichment occurs
principally in water from shallow
wells directly beneath irrigated
areas. Samples from wells less than
100 feet deep located within
irrigated areas had a mean nitrate
concentration of 6.8 milligrams per
liter (as nitrogen), compared to
0.59 milligram per liter for samples
from wells of similar depths located
outside irrigated areas. Samples
from wells greater than 100 feet
deep did not vary as much and had
a mean nitrate concentration of
1.0 milligram per liter.

Nitrogen isotope ratios, d ~N, for
nitrate in ground water were used
to determine the relative
proportion of nitrate contributed

by the sewage and by the fertilizers.
The range in 8PN values at the
farm site fell between established
ranges for animal waste and
inorganic sources of nitrogen,
whereas the range in 31N values at
another site irrigated with treated
sewage, but not fertilized, was
closer to the range expected for
animal waste. Statistical analyses
showed a significant dnffercn c
(probability value of .0001) ind?!

values between the two sxtes,
indicating that nitrate in ground
water at the farm site cannot be
attributed solely to the sewage.



SURFACE-WATER QUALITY OF THE UPPER ILLINOIS RIVER BASIN IN
ILLINOIS, INDIANA, AND WISCONSIN: ANALYSIS OF EXISTING

INFORMATION

An analysis of existing
water-quality information was
done as part of the upper Illinois
River basin National Water-
Quality Assessment pilot study.
The analysis focused on the 1978-
86 water years and the constituent
groups of pH, alkalinity and acidity,
major ions, nutrients, dissolved
oxygen, bacteria, trace elements
and organic compounds, organic
carbon, radio-nuclides, and
aquatic biological communities.

The analysis involved compilation
and screening of the data to insure
that they were technically sound

Stephen F. Blanchard
U.S. Geological Survey
102 East Main Street, 4th Floor
Urbana, Illinois 61801

and internally consistent. Each
constituent was then evaluated for
its occurrence and spatial distribu-
tion in the study area. When
appropriate, the constituent
concentrations were compared to
ambient water-quality criteria,
analyzed for long-term temporal
trends, regressed against discharge
to develop mass-transport
estimates, and related to human
and natural factors to determine
causes for the observed conditions
and trends.

One result of the analysis showed
that certain constituents, such as
counts of fecal indicator bacteria,
consistently exceeded water-
quality criteria throughout the
study area. Significant trends
were detected throughout the basin
for several water-quality charac-
teristics such as pH, dissolved-
sulfate concentration, and bacteria
counts. Mass-transport estimates
were used to determine watershed
yields. A gross-constituent loading
budget was then used to determine
the relative contributions from
point and nonpoint sources.

COMBINATION OF SURFACE GEOPHYSICS AND BOREHOLE
MEASUREMENTS TO DEFINE GROUND WATER POLLUTION PLUMES

Istvan Bogardi*, William E. Kelly,

Andras Bardossy

and Wayne Woldt Intstitute fur Hydrologie und Wasserwirtschaft
Civil Engineering Department Universitat Karlsruhe (TH)
W 348 Nebraska Hall Kaiserstr 12
University of Nebraska-Lincoln D-7500 Karlsruhe 1
Lincoln, Nebraska 68588-0531 West Germany

The purpose of the paper is to
show how fast, relatively inexpen-
sive, but less accurate surface
geoelectric measurements can be
combined with traditional
borehole measurements to
estimate the degree and extent of
ground-water contamination. The
methodology is illustrated on a
USGS documented low-level
radioactive plume at Wood River
Junction, Rhode Island. Main steps
of the application include:

1. Two-layer and three-layer
geophysical models are developed
to consider geoelectrical measure-
ment data in addition to other
geological information to estimate
specific conductance of the ground
water.

2. An enhanced geostatistical
software package is used to map
specific conductances in 3-D. It is
shown that although a similar
pattern of the plume can be
obtained from either source of

information, the estimation error
for the magnitude of the plume is
quite high.

3. Various methods are used to
combine the above two types of
information (well data and
geophysics). It is shown that the
error of the combined map is
smaller than the error correspond-
ing to any of the maps developed

from separate information.
*Presenting author.



GEOCHEMISTRY OF IRON IN A SAND DUNE AQUIFER USED FOR
MUNICIPAL AND INDUSTRIAL WATER SUPPLY NEAR COOS BAY AND

NORTH BEND, OREGON

Geochemical processes
controlling dissolved iron
concentrations were studied in a
sand dune aquifer used for water
supply. Large concentrations of
dissolved organic compounds and
carbon dioxide produced from the
root zone and litter of lodgepole
pine forest increase the capacity of
shallow ground water to dissolve
iron-bearing minerals. Forest
cover causes a greater amount of
iron to be released to shallow
ground water than does bare sand
or herbaceous plant cover, even
though pH is similar (pH 5.6 t06.7)

Gilbert C. Bortleson
U.S. Geological Survey
1201 Pacific Avenue, Suite 600
Tacoma, Washington 98402

in all areas. Dissolved iron
concentrations are largest (2,500 to
30,000 micrograms per liter) in
shallow ground water that has
infiltrated areas of lodgepole pine
forest and smallest (10 to 970
micrograms per liter) in shallow
ground water that has infiltrated
bare sand. In contrast to shallow
ground water beneath forested
areas, water from most deeper
parts of the aquifer has concen-
trations of dissolved iron that range
from a few tens to a few hundreds
of micrograms per liter. Large
carbonate-bicarbonate concen-

trations from dissolution of marine
shell fragments causes precipita-
tion of siderite (FeCO3) and
removal of dissolved iron.

These same geochemical
processes in the shallow ground
water are believed to be active
along other parts of the West Coast
and possibly in areas of pine sil-
viculture in the southern States. If
conditions are right, gross non-
point iron contamination of ground
water caused by coniferous
reforestation may be occurring
over large areas.

HYDROCARBON CONTAMINATION WITHIN THE UPPER FLORIDAN
AQUIFER IN ORLANDO, FLORIDA

The Upper Floridan aquifer in
the Orlando, Florida area is
overlain by more than 100 feet of
confining material; the top of the
aquifer is about 200 feet below land
surface. Despite this apparent
protection from surface
contamination, a concentration of
200 micrograms per liter of
benzene was found in a well
tapping the aquifer. Subsequent
sampling of seven other wells
indicate that a hydrocarbon plume
that is almost 1 mile long from west
to east, and about 0.5 mile wide
from north to south exists in the
aquifer.

Hydrocarbons in water samples
of eight wells in the Upper Floridan
aquifer include aromatic hydro-
carbons such as benzene, ethyl

L. A. Bradner
U.S. Geological Survey
224 West Center Street, Suite 1006
Altamonte Springs, Florida 32714

benzene, and xylenes, and a variety
of polycyclic aromatic hydrocar-
bons, such as acenaphthylene,
acenaphthene, anthracene,
fluoranthene, fluorene, naph-
thalene, phenanthrene, phenols,
and pyrene. Additional com-
pounds that have been tentatively
identified include thiophene,
benzo(b)thiophene isomers,
indenes, naphthalene isomers,
fluorene isomers, phenanthrene
isomers, and other compounds
associated with coal tar.

Highest concentrations exist near
the site of a defunct manufactured-
gas plant that operated from about
1888 to the late 1950’s. Historical
records show that a permit was
issued in 1940 for a drainage well
for disposal of condenser water at

the site. Processing waste laden
with miscible hydrocarbons may
have entered the Upper Floridan
aquifer through this well or another
well at the plant.

Benzene and acenaphthene were
detected in fairly high concen-
trations throughout the plume.
Tentatively identified compounds,
such as thiophene, benzo(b)-
thiophene, and isomers of the
polycyclic aromatic hydrocarbons
also remained above detection
limits. The decrease of most
volatile hydrocarbons down-
gradient from the plant mayreflect
dilution by aquifer water or sorp-
tion of the specific compound.
Volatilization of these compounds
in the confined aquifer is
improbable.




A COMPARISON OF ANALYTICAL TECHNIQUES USED FOR THE
DETERMINATION OF VOLATILE AND SEMIVOLATILE ORGANIC
CONTAMINANTS IN GROUND WATER

Doug Cain*
U.S. Geological Survey
503 N. Main, Suite 207W
Pueblo, Colorado 81003

Daniel T. Chafin
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Roderick F. Ortiz
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A laboratory and field
comparison of eight techniques
used for the analysis of volatile and
semivolatile organic contaminants
in ground water was made as part
of the National Water-Quality
Assessment Program and the Toxic
Waste--Ground-Water Con-
tamination Program of the U.S.
Geological Survey. The following
techniques were evaluated: (1)
Field headspace analysis using a
portable gas chromatograph with a
photoionization detector; (2)
purge and trap followed by gas
chromatography with tandem Hall
and photoionization detectors; (3)
purge and trap followed by gas
chromatography with mass

spectrometry; (4) purge with
whole-column cryotrapping
followed by gas chromatography
with mass spectrometry; (5)
closed-loop stripping followed by
gas chromatography with mass
spectrometry; (6) continuous
liquid-liquid extraction followed by
gas chromatography with mass
spectrometry; (7) field adsorption
onto a Tenax cartridge followed by
thermal desorption and gas
chromatography with mass
spectrometry; and (8) field
extraction onto a C-18 bonded
phase cartridge followed by solvent
extraction, and solvent removal-
thermal desorption and gas

chromatography with mass
spectrometry.

The laboratory comparison of the
eight techniques involved
determination of the mass of each
target compound injected into the
gas chromatograph by using data
from recovery studies, volume of
sample analyzed, and percent of
the sample extract that was
injected. Included in the field
comparison of the eight techniques
were collection and analysis of 21
random-order split samples from
the Fountain Creek alluvial aquifer
in Colorado and the upper glacial
aquifer on Long Island, New York,
and extensive analyses of triplicate
samples, blanks, and field spikes.



Study results indicate that the
techiniques varied in the following:
(1) Their applicability for analysis
of different classes of organic

contaminants; (2) the mass of the
various target compounds injected
into the gas chromatograph; (3)
precision of replicate analyses; (4)

susceptibility to blank contam-
ination; and (5) ease of application
in the laboratory and field.

*Presenting author.

GEOCHEMICAL CONSEQUENCES OF RAPID SEDIMENTATION IN
RESERVOIR LAKES RECEIVING MINING WASTES

Edward Callender*

U.S. Geological Survey, WRD
Northeast Region, NRP
M.S. 432, National Center
Reston, Virginia 22092

Sedimentation rates in natural
lakes exhibit a general range from
0.01 to 0.6 cm (centimeters) per
year. By comparison, man-made
reservoir lakes exhibit a range from
2 to 180 cm per year. In many
natural lakes, steady-state
diagenesis occurs whereby the
sediment-water interface system
may approach equilibrium. This
results in the production of
interstitial-water chemistry
profiles that are qualitatively
similar upon repetitive sampling
from one year to the next. In
environments where high rates of
sedimentation prevail, there is

insufficient time for the sediment-
water interface environment to
equilibrate. Interstitial-water
profiles of iron and arsenic from
sediment cores in Lake Oahe,
South Dakota suggest that physical
advective processes (sediment-
ation) can modify the effects of
molecular diffusion.

Rapid, variable sedimentation
rates also can exert a pronounced
influence on solid-phase
geochemical distributions. The
fine-scale distribution of
cesium-137 in a two-meter core
from Lake Oahe allows for the
detailed reconstruction of

Walter H. Ficklin
U.S. Geological Survey, GD
Branch of Geochemistry
M.S. 973, Denver Federal Center
Denver, Colorado 80225

sediment and element fluxes to a
lacustrine environment that is
receiving mining waste. The heavy-
metal (cadmium, lead, zinc)
distribution in dated sediment
cores from Pueblo Reservoir,
south-central Colorado shows
peak concentrations that
correspond to metal discharges
from Leadville mines during 1985
and 1983. These peaks would not
be readily discernible in natural
lakes where slow sedimentation
rates tend to integrate the river

input of metals.
*Presenting author.

COMPARISON OF SOLUTE COMPOSITION OF PRECIPITATION AND
DECIDUOUS AND CONIFEROUS THROUGHFALL IN A PIEDMONT

WATERSHED

Samples of throughfall from
adjacent deciduous and coniferous
canopies and of precipitation were
collected at a watershed in the
Georgia Piedmont for one year
beginning in November 1987. A
comparison of throughfall solute
fluxes for 32 collectors split evenly
between canopy types for 14 storms
indicated different chemical
interactions of both vegetation

Rosanna Cappellato
Biology Department
Emory University
Atlanta, Georgia 30322

types with precipitation. For all 14
storms, the total sulfate deposition
derived from the sum of the
average deposition for each storm,
was higher in throughfall from the
deciduous canopy (21.0 meq m?)
and the_coniferous canopy (15.3
meq m™) than for precipitation
(9.1 meq m?%). Most of the
throughfall sulfate flux in the
deciduous canopy occurred during

the growing season from May
through October. The differences
between the throughfall and
precipitation sulfate fluxes were
attributed mainly to the washoff of
acidic sulfur particles and gases
that had accumulated in the
canopies during the dry period
prior to each storm. The canopies
reacted differently, however, with
dry deposition. The acidity of the




precipitation (pH = 4.40) was par-
tially neutralized as it passed
through the deciduous canopy (pH
4.87) whereas it increased as it
passed through the coniferous
canopy (pH = 4.27). Differences

in the chemical interactions of both
canopy types also were reflected in
much higher fluxes of calcium,
magnesium, and potassium in the
deciduous throughfall than in the
coniferous throughfall. Exchange

of hydrogen for base cations may
have contributed to the net
neutralization by the deciduous
canopy.

STATISTICAL COMPARISON OF TEMPORAL AND SPATIAL VARIABILITY
IN WATER QUALITY AT WELLS IN FIVE LAND-USE AREAS OF NASSAU
AND SUFFOLK COUNTIES, LONG ISLAND, NEW YORK

Water-quality data collected at 90
shallow water-table wells from
June 1987 to October 1987, in five
study areas that were delineated
according to predominant land use
and sewering practices, were com-
pared with data from one control
well within each study areca. The
control wells were sampled
monthly from June 1987 to Decem-
ber 1988 to quantify temporal
variations in ground-water quality
and to compare temporal and spa-
tial variability statistically.
Exploratory data analysis of con-
centrations of major inorganic con-
stituents and field characteristics
(pH, specific conductance, water
temperature, dissolved-oxygen
concentration) indicates smaller
variability in concentration ranges

Stephen J. Cauller
U.S. Geological Survey
5 Aerial Way
Syosset, New York 11791

of nearly all constituents at each
control well than among the cor-
responding 15- or 20-well popula-
tion within each study area.
Tukey’s honest significant dif-
ference test of ranked constituent
concentrations indicates either
identical or overlapping popula-
tions at the 95 percent confidence
level for nearly all inorganic con-
stituents and field-measured char-
acteristics between each control
well and its corresponding study-
area well population. Exceptions
were noted at the control well
within the undeveloped study area
for sodium and chloride, which
have statistically significant higher
median concentrations [61.5 and
97.5 mg/L (milligrams per liter),
respectively] than those in the

study-area well population (5 and
8.3 mg/L, respectively) and an
order of magnitude larger degree
of variability in concentration
ranges. Statistically significant
higher median water temperature
and lower median dissolved-
oxygen concentrations than those
in the study area well population
also were observed in this well.
These results are attributed to
influxes from a nearby roadside
storm-water drain. The control
well in the agricultural study area
had statistically significant higher
median concentrations of calcium,
magnesium, sulfate and nitrate
than the corresponding study-area
well population,; thisis attributed to
its immediate proximity to
agricultural land.

DEFINITIONS FOR THE INTERPRETATION OF ANALYTICAL RESULTS
FOR RADIONUCLIDES OF ENVIRONMENTAL CONCERN

Numerous definitions for a
minimum detectable con-
centration for radionuclides lead
to inconsistent interpretations of
analytical results. A critical level

L. DeWayne Cecil
U.S. Geological Survey

Idaho National Engineering Laboratory

P.O. Box 2230
Idaho Falls, Idaho 83403

and a minimum detectable
concentration must be defined to
make a decision of detection or
nondetection based on analytical
instrument signals for paired

samples consisting of a target
sample and prepared blank. The
critical level is the level of radioac-
tivity at which instrument signals
for the paired samples are



statistically different. The
minimum detectable concentration
is the concentration that will yield a
sufficiently large instrument signal
to make the correct decision for
detection or nondetection most of
the time.

Radionuclide concentrations
generally are reported with an
estimated sample standard
deviation, o, that is based on
random and systematic errors
inherent in measuring radioactive
decay. Radionuclide concen-
trations that equal 1.60 represent
measurements at the critical level.

There is a 95 percent probability
that a radionuclide has not been
detected at concentrations equal to
1.60.

The minimum detectable
concentration may be determined
after the critical level of 1.60 has
been established. Radionuclide
concentrations that equal 3o
represent measurements at the
minimum detectable concen-
tration. There is a 95 percent or
more probability that the target
radionuclide has been detected at
measured concentrations of 3o or
greater,

These definitions are an
extension of a method proposed by
L.A. Currie (1984, Lower limit of
detection: definition and
elaboration of a proposed position
for radiological effluent and
environmental measurements:
U.S. Nuclear Regulatory
Commission, NUREG/CR-4007,
139 p.). The critical level and
minimum detectable concentration
for radionuclides aid in the
interpretation of analytical results
and do not represent absolute
concentrations which may or may
not have been detected.

MEASURING HYDROGEN CONCENTRATIONS IN GROUND WATER: A
TOOL FOR EVALUATING BACTERIAL PROCESSES IN DEEP AQUIFER

SYSTEMS

Francis H. Chapelle*
U.S. Geological Survey
1835 Assembly St., Suite 677A
Columbia, South Carolina 29201

Two novel techniques were used
to measure concentrations of
dissolved hydrogen gas (Hz) in
ground water from a multi-layer
aquifer system in South Carolina.
The first technique, informally
termed the "bubble strip" method,
involves passing a continuous
stream of water through a 250 mL
(milliliter) gas-sampling bulb
containing a 10 mL bubble of
nitrogen gas. Hydrogen present in
the water is "stripped" into the gas
phase until equilibrium is achieved
(~4 bulb volumes). The bubble is
then withdrawn and analyzed for
H2 using a gas chromatograph
equipped with a reduction gas
detector. The second technique,
termed the "diffusion” method,
uses teflon tubing (5 mL volume)
equipped with sampling valves
coiled around a PVC cylinder. The
tubing is filled with nitrogen,
lowered down a well to the

Derek R. Lovley
U.S. Geological Survey
National Center, Mail Stop 432
12201 Sunrise Valley Drive

Reston, Virginia 22092

screened interval, and H2 allowed
to diffuse from the ground water
into the N2 gas. At the end of an
equilibration period (at least 24
hours) the tubing is withdrawn
from the well and the gas analyzed
for H2. When applied to the same
wells, the bubble strip and diffusion
methods give hydrogen concen-
tration measurements that agree
within 10 percent.

These techniques were used to
quantify Hz concentrations in
ground water at two well-cluster
sites, with PVC-cased wells
screened in four distinct aquifers at
each site, in the coastal plain of
South Carolina. The lower aquifer
in the Pee Dee formation, which
exhibited evidence of ferric iron
reduction, had Hz concentrations
in the 0.1 to 0.2 nanomolar range.
The upper aquifer in this unit was
characterized by active sulfate
reduction and had Hz concen-
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trations in the 1 to 2 nanomolar
range. Finally, a well screened just
below an organic-rich claystone
and which showed active
methanogenesis had Hz concen-
trations in the 10 nanomolar range.
The observed Hz concentration
ranges for iron reduction, sulfate
reduction, and methanogenesis are
virtuallyidentical to those observed
in studies of aquatic sediments and
are consistent with ranges
predicted by theoretical considera-
tions. These results show that H
concenerations are a useful tool in
documenting the predominant
electron accepting processes in
ground-water systems as well as in
aquatic sediments. As such,
measuring H2 concentrations in
ground water may give valuable
insight into the presence or
absence of particular bacterial

processes in deep aquifer systems.
*Presenting author.




STATISTICAL PROPERTIES OF GROUND-WATER QUALITY DATA

David A. Chin

Department of Civil and Architectural Engineering

Significant progress has been
made in developing guidelines for
monitoring program design,
statistical methods for analyzing
ground-water data, and models for
predicting the movement of
contaminants in ground water.
Within the framework of these
developments, an assessment now
needs to be made of the high quality
data collected in specific projects,
with the objective of identifying
phenomena which may be present
at a wide variety of locations, and
that could significantly affect the
conclusions drawn from a given

University of Miami
Coral Gables, Florida 33124

data set. For example, data
collected at several sites on the
natural spatial and temporal
variability of chemical parameters
could significantly affect the
confidence limits that we assign to
a few measurements at an isolated
site. In this study, water-quality
measurements at a dense array of
monitoring wells are reported and
analyzed. The results showthat the
spatial variance of the major water-
quality parameters, over distances
on the order of 20 m, significantly
exceed the temporal variance of
any of the wells. Furthermore, it is

shown that statistical properties of
the measured data, such as trend,
normality, log-normality,
seasonality, and auto-correlation,
are seldom homogeneous even
over relatively small length scales.
These results illustrate the
limitations in characterizing large
areas based on measurements from
a single monitoring well. The use
of statistical techniques to analyze
data from a detection monitoring
study are illustrated. It is shown
that these quantitative techniques
may be used successfully to isolate
water-quality impacts.

DELINEATION OF FACTORS RELATED TO THE OCCURRENCE OF
1,2-DIBROMOETHANE IN GROUND WATER, CENTRAL FLORIDA

Anne F. Choquette*, Brian G. Katz, William S. Pendexter, and

Alarge ground-water quality data
base for the nematicide
1,2-dibromoethane (EDB) is being
used to evaluate methods for
regional water-quality assessment
as part of the U.S. Geological
Survey pilot National Water-
Quality Assessment Program. The
EDB network in Florida represents
one of the most densely sampled
regional-scale networks in the
United States. Additionally,
detailed historical records on EDB
application in the citrus areas
document the locations, methods,
dates of applications, and
quantities of EDB applied. EDB
had been applied for at least 20
years before ground water was
sampled for EDB. In citrus-

Miguel A. Orona
U.S. Geological Survey
227 N. Bronough Street, Suite 3015
Tallahassee, Florida 32301

production areas of central
Florida, EDB in ground water has
exceeded concentrations of 100
micrograms per liter, and
continues to be detected 6 years
after the last known application.
To understand the factors
affecting EDB concentrations in
ground water, two approaches
were used and compared. EDB
concentrations in wells were
statistically related to potential
controlling factors in regional-
scale study areas of 50to 200 square
kilometers where more than 600
wells had been sampled. These
factors included distance along
ground-water flow paths between
EDB application sites and wells,
amounts and timing of EDB
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applications, antecedent
precipitation and soil temperature,
well construction characteristics,
and chemical and physical
properties of soils underlying
application sites. Concurrently,
mass-balance modeling was used to
quantify selected biogeochemical
processes controlling the fate of
EDB in the subsurface in local
ground-water flow systems for
areas less than 5 square kilometers.
Consistency in controlling factors
and specific effects of these factors
were evaluated by contrasting
results between regional-scale
areas and results from the
statistical and mass-balance

modeling.
*Presenting author.



EFFECTS OF ACID PRESERVATION ON THE CONCENTRATIONS OF
VOLATILE ORGANIC COMPOUNDS IN NATURAL WATERS

Brooke F. Connor*, Mark W. Sandstrom, and Donna Rose

Many procedures for the analysis
of volatile organic compounds
(VOCs) by purge-and-trap gas
chromatography/mass
spectrometry (PT/GC/MS)
include the use of hydrochloric
acid (HC]) added in the field as a
preservative. However, such
procedures occasionally cause
losses of toluene and toluene-d8
surrogate spikes and formation of
halogenated artifacts in HCI-
preserved samples. In this study
the effects of acid preservation and

U.S. Geological Survey
National Water Quality Laboratory
5293 Ward Road
Arvada, Colorado 80002

free chlorine on the concentration
of 60 VOCs were analyzed.
Reagent water and natural water
samples were preserved with HCI
and sodium bisulfate to compare
the effects of these preservatives.
The effect of free chlorine on
preserved and unpreserved
samples was also compared. All
unpreserved samples were
analyzed for dissolved organic
carbon, pH, conductivity, chloride,
and bromide. The results indicate
that recoveries were greater than

80 percent for most of the VOCs in
samples stored for 7 days at 4 °C
(degree  Celsius) either
unpreserved or treated with
sodium bisulfate. In HCI-
preserved samples, recoveries
were significantly lower for 21
VOCs. The presence of
halogenated artifacts in the HCI-
preserved samples suggests that
the low recoveries are the result of
chemical degradation caused by
the addition of HCI.

*Presenting author.

THE AMBIENT GROUND-WATER QUALITY MONITORING PROGRAM OF

FLORIDA

Rick Copeland

Florida Department of Environmental Regulation

In 1983 the Florida Legislature
passed the Water Quality
Assurance Act, a portion of which
required The Department of
Environmental Regulation (DER)
to establish a Statewide Ambient
Ground-Water Quality Monitoring
Network. The two primary goals of
the Ambient Program are to: (1)
establish baseline ground-water
quality and (2) detect and predict

2600 Blair Stone Road
Tallahassee, Florida 32399-2400

changes in the quality of ground
water resulting from the effects of
potential contamination sources.
The Ambient Network actually
consists of two subnetworks: (1) the
Background Network, designed to
aid in defining background water
quality and (2) the VISA (Very
Intense Study Area) Network,
designed to monitor the combined
effects of land use and hydro-
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geology on ground-water quality.
Data generated from the program
will be statistically analyzed in
order to establish baseline and
background water quality and to
predict future changes to it. This
information should be helpful in
land use and zoning decisions and
as an aid in monitoring DER
permitted facilities.




GEOCHEMICAL EVOLUTION OF GROUND WATER AT A SURFACE COAL
MINE RECLAIMED WITH URBAN SEWAGE SLUDGE IN WESTERN

PENNSYLVANIA

Urban sewage sludge has been
applied at a rate of about 60 tons
per acre over the level surface of a
reclaimed surface coal mine in
western Pennsylvania (1) to
promote the growth of grasses and
legumes and (2) to reduce ground-
water acidity. The mine spoil is as
thick as 80 feet and consists of
sandstone, siltstone, and shale
fragments, plus coal waste that
contains up to 17 percent total
sulfur and 10 percent pyrite. Lush
vegetation on sludge-treated spoil
prevents erosion and sedimenta-
tion, promotes evapotranspiration
(when growing), and depletes
oxygen (when decaying). Pyrite
oxidation and acidic drainage may
be controlled by decreased oxygen
content of recharge waters as a
result of the sludge treatment.

Local variations in ground-water
quality result from reactions with
different minerals. Dissolved sul-
fur, manganese, and calcium
generally increase downflow in the
mine spoil and bedrock. However,
dissolved iron, silicon, aluminum,
sodium, and potassium generally

Charles A. Cravotta III
U.S. Geological Survey-WRD
P.O. Box 1107
Harrisburg, Pennsylvania 17108

approach limiting maximum
concentrations, probably because
of equilibrium with minerals such
as goethite, quartz, kaolinite,
gibbsite, and jarosite. The
computer programs WATEQ4F
and NEWBAL are used to com-
pute chemical equilibrium and
mass transfer, respectively,
considering reactions such as the
oxidation of pyrite; dissolution of
carbonate and silicate minerals;
and precipitation of gibbsite,
goethite, jarosite, and other
secondary minerals. Mass-transfer
models indicate that extreme
quantities of oxygen, up to 50 times
greater than its aqueous solubility,
are required to generate observed
concentrations of dissolved sulfate
from pyrite. Elevated sulfate and
acidity in bedrock ground water
underlying the mine spoil result
partly from dissolution of
secondary iron-sulfate minerals
such as roemerite or coquimbite.
These minerals were identified and
probably were formed in aerated,
stockpiled overburden during
mining, and in the unsaturated

mine spoil (near the water table)
after reclamation. Roemerite and
coquimbite not only are sources of
iron, sulfate and acidity in acid-
mine drainage, but they are a
convenient source of ferric iron
ions, which can oxidize pyrite
whether or not oxygen is available.

The failure to reduce acidity and
dissolved solids concentrations in
ground water beneath the sludge-
treated spoil results from the
presence of ferric-sulfate minerals
and the potential for lateral flow of
gaseous and dissolved oxygen into
the mine spoil from untreated
zones. Convection of gaseous
oxygen through the vadose zone of
the spoil and adjacent bedrock
must be eliminated to prevent acid-
forming reactions above the water
table. The effectiveness of
preventing the transport of oxygen
into surface coal-mine spoil can be
enhanced by backfilling over-
burden quickly and applying
sewage sludge over the entire
surface, especially on steep slopes
of loose spoil.

TISSUE-ANALYSIS COMPONENT OF THE NATIONAL WATER-QUALITY

ASSESSMENT PROGRAM

Analysis of biological tissues is
planned for the National Water-
Quality Assessment (NAWQA)
Program to determine the
occurrence and spatial distribution

J. Kent Crawford
U.S. Geological Survey
Post Office Box 1107
Harrisburg, Pennsylvania 17108

of selected trace elements and
synthetic organic compounds, and
to determine temporal trendsin the
tissue concentrations of these
contaminants. The potential for

human exposure to contaminants
also will be investigated. These
objectives will be met by
conducting sampling in two stages
during the three-year intensive



phase of each individual NAWQA
study; first a reconnaissance survey
will be conducted to establish the
occurrence of contaminants; then,
a synoptic survey will be conducted
to assess the spatial distribution
and the potential for human
exposure. At most stations, trends
can be analyzed only after several
sampling cycles, however, annual
tissue sampling at two sites per
study area during the six-year
reduced-intensity phase of the
NAWQA cycle will allow early
detection of trends at these sites

and may serve as an early warning
of expected trends at other
locations in the basin.

Mollusks, because of their
relatively large size, sessile habits,
and known ability to accumulate
contaminants in their tissues, will
be the organism of first priority to
be used in tissue sampling. For
organic contaminants, fish are
second priority, followed by
decapods and aquatic plants. For
trace elements, the priority is the
same, except that aquatic insects
will be used in lieu of decapods. To

insure that enough tissue is
collected for analysis, a composite
of 20 whole mollusks will comprise
asample. A composite of 10 whole
fish will be used for analysis of
synthetic organic chemicals while
20 fish livers will be used for trace
elements. Fish fillets will be used
to evaluate the potential for human
exposure to contaminants. In 1989
and 1990, testing and evaluation of
the plan will be conducted in the
Upper Illinois River basin and the
Yakima River basin during the
pilot project phase of NAWQA.

SELENIUM IN SOILS AND VEGETATION AT THE KENDRICK
RECLAMATION PROJECT AREA, WYOMING

James G. Crock*, R. C. Severson, and J. A. Erdman

In the 1930’s, the Bureau of
Reclamation began the Kendrick
irrigation and drainage project in
Natrona County, Wyoming,.
Approximately 24,000 acres near
Casper, Wyoming has been under
irrigation since about 1946. The
present study is concerned with
defining the distribution of
selenium in agricultural and native
plants and soils of the Kendrick
Reclamation Project Area. With
this information, an evaluation can
be made regarding the full extent of
mobilization, transport, and
concentration of selenium in soils

U.S. Geological Survey
Denver Federal Center
Box 25046, Mail Stop 973
Denver, Colorado 80225

and plants due to irrigation and
drainage in the cultivated areas.
The information on native plants
and soils provides background
information on the natural
contribution of selenium and other
trace elements,

Samples of uncultivated soils
were collected from all 14 geologic
units in the study area. When
present, big sagebrush (Artenisia
tridenata) was also collected.
Sections in the study area where
more than 40 acres was under
irrigation were also sampled along
with associated alfalfa (Medicago
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sativa). These samples of soil,
alfalfa, and sagebrush were
analyzed for their trace- and
major-element contents. Analyses
show elevated selenium levels in
both alfalfa and sage, whereas both
native and cultivated soils, in
general, contain only typical
selenium levels as compared to the
baseline established for the soils of
the Northern Great Plains. Large
variability is seen on the local level

for the vegetation, but not the soils.
*Presenting author




WESTERN INVESTIGATIONS OF IRRIGATION-INDUCED WATER-QUALITY

PROBLEMS

During the last several years there
has been increasing recognition of
the impacts of irrigation drainage
water on human health and fish and
wildlife resources. In 1983, the
U.S. Department of the Interior
discovered that elevated levels of
selenium in the Kesterson
Reservoir in California were
causing waterfowl deaths,
deformities, and reproductive
failures. In other areas throughout
the western States, high levels of
other trace elements and pesticides

Jonathan P. Deason
Office of Assistant Secretary for
Policy, Budget and Administration
U.S. Department of the Interior
18th and C Street, NW
Washington, DC 20240

have been identified subsequently
in water, sediment, plant and
animal samples.

In response to this situation, the
Interior Department initiated the
National Irrigation Water Quality
Program to identify areas where
irrigation drainage water may be
causing or has the potential to
cause harmful effects. To date, 22
areas in 13 States have been
identified where the Department
believes problems may exist.
Interdisciplinary teams of

engineers and scientists are at work
at these locations to evaluate the
problems, conduct scientific
investigations, and develop
solutions.

The new Interior Department
program is designed to respond to
irrigation-induced water quality
problems in a manner that protects
our Nation’s fish and wildlife
resources while at the same time
maintaining the viablity of
irrigation projects in the western
States.

THE APPLICATION OF FUGACITY MODELS TO ASSESS CHEMICAL
PARTITIONING IN WETLANDS

Joseph J. Delfino* and Kathleen J. O’Neil

Department of Environmental Engineering Sciences

Fugacity based models, originally
devised by D. Mackay and
S. Paterson, are evaluative models
that assess the partitioning of
chemicals among air, soil, water,
sediment, suspended sediment and
biota compartments in a defined
environment. Fugacity models
allow resource managers to predict
the tendency of chemicals to move
from one environmental
compartment or phase to another

A.P. Black Hall
University of Florida
Gainesville, Florida 32611

based on physical-chemical
properties of the chemical and the
environment. Experiments were
performed to assess the inter-
compartmental distribution of
lindane, chlorpyrifos, naphthalene
and chlorobenzene in microcosms
utilizing materials taken from a
cypress wetland in Florida. The
response of the models to changes
in various input parameters was
also evaluated. The compounds
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showed high affinity for
partitioning into the wetland
detritus and had predicted
persistence periods of several
months. These results correlated
with the findings of a companion
study which quantified levels of
chlorinated pesticides in aquatic
sediments and wetland soils long
after compound release had

ceased.
*Presenting author.



RESULTS OF BIOLOGICAL UPTAKE TESTS, TOXICITY TESTS AND
CHEMICAL ANALYSES OF WATER AND BOTTOM MATERIAL FROM
BAYOU IINDE AND THE LOWER CALCASIEU RIVER, LOUISIANA

Charles R. Demas* and Dennis K. Demcheck

U.S. Geological Survey

Philip Crocker

U.S. Environmental Protection Agency

Water Resources Division

P.O. Box 66492

Baton Rouge, Louisiana 70896

The U.S. Geological Survey, U.S.
Environmental Protection Agency,
and the Louisiana Department of
Environmental Quality conducted
an intensive chemical and
toxicological investigation of the
water and bottom material in
Bayou d’Inde and the lower
Calcasieu River, La., during the
week of June 20, 1988. Data on the
uptake of organic contaminants by
the clam, Rangia cuneata, also were
collected. The study was
conducted to determine the
usefulness of toxicity and uptake
data in evaluating environmental
implications of ambient chemical
data.

The concentrations of most
constituents in water in the study
area were low with the exception of
volatile organic compounds.
Concentrations of chromium,
cadmium, lead, mercury, and
semi-volatile organic compounds
were near or below levels of
detection in the study area. In
contrast, volatile organic

George Morrison

U.S. Environmental Protection Agency
Environmental Research Laboratory

South Ferry Road
Narragansett, Rhode Island 02882

compounds, such as bromoform,
chloroform, and 1,2 dichloro-
ethane, were found in high
concentrations at several sites in
Bayou d’Inde. Bromoform
occurred in concentrations ranging
from below levels of detection to
100 micrograms per liter.

Bottom material, in the study
area, contained high concen-
trations of metals and organic
compounds. Chromium, lead, and
mercury in bottom material were
detected in Bayou d’Inde; however,
mercury was the only metal
detected at levelsapproaching U.S.
Environmental Protection Agency
"Apparent Effects Threshold" of
0.41-2.1 ug/g (micrograms per
gram). High concentrations of
hexachlorobenzene (630 ug/g) and
hexachlorobutadiene (470 ug/g)
were found in bottom material in an
area near the mouth of Bayou
d’Inde.

Toxicity tests performed on water
and bottom material from the study
area confirmed chemical data. No
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1445 Ross Avenue
Dallas, Texas 75202

toxicity was observed for the mysid
shrimp, Mysidopsis bahia, and the
inland silverside minnow, Menidia
beryllina, exposed to ambient water
at 18 sites for 7 days. In contrast,
bottom material at several sites was
toxic to the amphipod, Ampelisca
abdita, during a 10-day test. Mor-
talities, as high as 100 percent,
reflected the high chemical con-
centrations that were detected in
bottom material samples.

At two sites in Bayou d’Inde,
uptake tests using Rangia cuneata
supported chemical and toxicity
results for bottom material. Hexa-
chlorobenzene and hexachloro-
butadiene were found at elevated
concentrations in Rangia placed in
Bayou d’Inde for 35 days. Mor-
tality of Rangia was similar to that
of Ampelisca in the toxicity tests.

Chemical, toxicity, and uptake
tests indicated the presence of toxic
compounds which have stressed
the benthic environment at some

sites.
*Presenting author.




EFFECTS OF AGRICULTURAL PRACTICES ON WATER CHEMISTRY IN
AN UNCONFINED COASTAL PLAIN AQUIFER, SUSSEX COUNTY,

DELAWARE

The unconfined Coastal Plain
aquifer in Sussex County,
Delaware is susceptible to non-
point source contamination from
applications of inorganic
fertilizers, manures, and lime
because of the shallow depth to the
water table and the sandy nature of
the sediments. Forty-one wells
were installed in a predominantly
agricultural watershed for
collection of water-level data and
water-quality sampling. The
network includes nine clusters with
wells screened at different depths
in the aquifer.

The specific conductance of
natural ground water is generally
70 uS/cm (microsiemens per

Judith M. Denver
U.S. Geological Survey
Water Resources Division
Federal Building, Room 1201
300 S. New Street
Dover, Delaware 19901

centimeter at 25 degrees Celsius)
or less, and sodium and bicar-
bonate are the major ions. Specific
conductance ranges from about
100 uS/cm to greater than 500
#S/cm in water samples affected by
agricultural activities, and nitrate,
calcium, and magnesium are the
major ions. Bicarbonate con-
centration in water affected by
agriculture commonly is lower than
natural concentrations because
bicarbonate reacts with hydrogen
ions produced during nitrification.

Ground-water  chemistry
generally reflects local land use in
near-surface parts of the flow sys-
tem. Because cropland is inter-
spersed with forested areas, zones

of nearly natural water chemistry
can overlie zones of water affected
by agricultural practices
downgradient from a forested area.
Chemical stratification also occurs
within zones affected by agricul-
tural practices in response to dif-
ferences in rates of fertilizer
application for corn and soybean
crops. Nitrate concentrations
greater than 10 milligrams per liter
as nitrogen are common
throughout the aquifer in agricul-
tural areas. A maximum nitrate
concentration of 29 milligrams per
liter was measured at the base of
the aquifer, 80 feet below land
surface.

A DISSOLVED OXYGEN BUDGET FOR THE LOWER PATUXENT ESTUARY

D. K. Domotor*, M. S. Haire, and N. M. Panday

There have been indications that
regions of the Chesapeake Bay
containing anoxic waters have
increased both spatially and
temporally (EPA, 1983; Officer, et.
al,, 1984). Recently, there has been
some speculation that a similar
pattern has occurred in the lower
reaches of the main tributaries of
the Chesapeake Bay. Such an
increase in hypoxic waters has been
documented for the lower Patuxent
Estuary (Heinle, et. al.); however,
the cause of the increase is not fully
understood.

Maryland Department of the Environment
Water Management Administration

2500 Broening Highway
Baltimore, Maryland 21224

Data from a very comprehensive
6-year monitoring and research
program, some collected through
cooperative efforts with the USGS,
were analyzed in an attempt to
describe and determine the cause
of the dissolved oxygen problem in
the Patuxent Estuary. Further, a
water quality model was developed
to show the relative importance of
the various sources and sinks of
dissolved oxygen in the most
critical regions of the estuary.

The results show that (1) the most
critical region of low dissolved
oxygen is around Broomes Island
about 25 km from the mouth of the
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Patuxent, (2) the low dissolved
oxygen in this region is primarily a
localized problem caused by high
sediment oxygen demand, and (3)
the high sediment oxygen demand
results from the accumulation of
sediment and organic matter from
within the estuary and from
upstream sources. The results also
show that a reduction in nutrient
loadings from point and nonpoint
sources will improve dissolved
oxygen concentrations in the
estuary by reducing the organic

loading to the sediments.
*Presenting author.



EXTRACTION OF GASOLINE CONSTITUENTS FROM SOIL

Susan G. Donaldson*, Glenn C. Miller, and W. W. Miller
Departments of Range, Wildlife and Forestry, and Biochemistry

The recovery of gasoline
constituents from soil using a
sonication/extraction method was
evaluated using ten compounds
characteristic of gasoline. The
compounds examined included
benzene, toluene, heptane,
m-Xylene, nonane, n-propylben-
zene, 1,2,4-trimethylbenzene,
n-butylbenzene, 1,2,4,5-tetra-
methylbenzene and dodecane.
Variations of EPA extraction
method 3550 were tested, using
flame ionization gas chroma-

University of Nevada, Reno
Howard Building, Room 154
Reno, Nevada 89557

tography with a30m X 0.75 mmi.d.
methyl silicone capillary column.
In all cases, reducing total solvent
extraction volume from 400 mL to
250 mL resulted in increased
recoveries and shorted analysis
time. Recovery of the gasoline
constituents from wet soils was
significantly lower than that from
dry soils, but was improved by
initial mixing of the soils with
acetone, followed by the addition
of methylene chloride. Recoveries
were also dependent on the relative

volatility of the constituents.
Higher molecular weight com-
pounds were recovered from dry
soils at greater than 80% of the
initial amount applied, while
recoveries of benzene and heptane
were generally less than 5%. Using
the optimum method, recovery of
an unleaded gasoline from soil was
40% on a total petroleum
hydrocarbon basis.

*Presenting author.

NATIONAL PARK SERVICE WATER-QUALITY PROGRAM

The Water Resources Division of
the National Park Service (NPS)
presently is designing a national
water-quality program which
addresses significant threats to
NPS surface- and ground-water
resources and provides basic
inventory information. The
purpose of the water-quality
program is to provide (1) a data
base of basic information to permit

effective  protection and
managment of water resources, (2)
effective integration and

coordination of technical, legal,
and regulatory aspects of water-
quality problems, and (3)
capability to analyze and solve

Nancy E. Driver
National Park Service
Water Resources Division
301 South Howes Street
Room 353,

Fort Collins, Colorado 80521

applied water-quality problems in
the NPS.

The NPS is faced with a multitude
of existing and potential surface-
and ground-water issues. The
identified issues, of which 70
percent are related to nonpoint
sources of pollution, are associated
with anthropogenic causes located
both inside and outside of parks.
Inventory and monitoring
programs are being developed to
quantify baseline water-quality
conditions, to detect changes from
baseline conditions, and to identify
causes of such changes. Water-
quality monitoring activities are
designed and managed to ensure
the quality and utility of the data
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gathered. Plans are being
developed to incorporate
Geographical Information Systems
into the program to effectively
manage the water resources data
and provide a land management
perspective to the design of water-
quality studies. Coordination with
other agencies will be an important
component of the program.

Issue analysis, regulatory liaison,
and the translation and application
of appropriate legal and technol-
ogy-based solutions will provide
opportunities for managing water-
quality issues. The program
includes applied research in water
quality and the transfer of technical
information.




VARIATION IN CONCENTRATIONS OF ATRAZINE AND NITRATE IN
GROUND WATER BENEATH AN IRRIGATED CORN FIELD NEAR

SHELTON, NEBRASKA

As part of the U.S. Geological
Survey’s Toxics Program, a study
site was established near Shelton,
Nebraska, to determine the
seasonal variation in concen-
trations of atrazine and nitrate in
ground water and to evaluate the
effect of seasonal discharge from
an onsite irrigation well on these
concentrations. The study site is a
130-acre corn field with a center-
pivot irrigation system. Two nests
of three observation wells
completed at different depths were
installed approximately 100 feet
and 400 feet south of the irrigation
well.

A. Douglas Druliner*,

Abraham H. Chen, and Dwight Q. Tanner

U.S. Geological Survey
Water Resources Division
406 Federal Building
Lincoln, Nebraska 68508

Twelve ground-water samples
were collected from the
observation wells and six from the
irrigation well from May through
December during both 1987 and
1988. The ground-water samples
were analyzed for dissolved
oxygen, triazine herbicides, and
nitrite plus nitrate. Nine ground-
water samples were analyzed for
two atrazine degradational
products, de-ethylated and
de-isopropylated atrazine.

Results of these analyses show
that: (1) There is considerable
seasonal variation in concen-
trations of atrazine and nitrate at a
given site; (2) concentrations of

atrazine increased with depth,
whereas nitrate concentrations
decreased with depth; (3) nitrate
concentrations were significantly
smaller (at the 95-percent
confidence level) in wells 100 feet
from the irrigation well than in
wells of the same depth 400 feet
from the irrigation well; (4)
atrazine concentrations differed
significantly (at the 95-percent
confidence level) only in the
shallow observation wells at the two
nests; (5) de-ethylated atrazine was
present at concentrations at least
equal to that of atrazine in each of

the observation wells.
*Presenting author.

APPLICATION OF THE BATTERY OF TESTS APPROACH AND RANKING
SCHEME TO ENVIRONMENTAL SAMPLES

In 1985, a series of Canada-wide
studies were initiated to evaluate a
variety of  biochemical
microbiological and toxicological
tests as potential candidates for the
core group of a "battery of tests"
approach to environmental studies.
These core "battery of tests" data
would permit us to make
comparisons between sampling
sites (water and/or sediment) thus
providing managers with a means
or scheme for establishing areas of

B.J. Dutka
Department of Environment
Rivers Research Branch
National Water Research Institute
Canada Centre of Inland Waters

Burlington, Ontario, Canada L7R 4A6

concern or for evaluating the
efficiency of remedial programs.
In the presentation, the results of
these studies will be described and
three proposed core groups of tests
for the "battery of tests" approach
are described based on the type of
sample or sediment extraction
procedure used. Water concen-
tration and sediment extraction
procedure approaches and
problems will also be discussed.
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It was realized at the beginning of
the study program that the
provision of "battery of test” data in
isolation would be insufficient
information on which to compare
Canada-wide samples and areas.
To address this concern, a point
ranking scheme was developed
based on values observed in pure
chemical studies and in a variety of
samples. As new patterns of results
were observed from our country-
wide studies, modifications were



made and incorporated into the
point ranking scheme.

By applying the ranking scheme
to the "battery of tests" collected
data, the sites or samples with the
greatest potential hazards or

concerns can be prioritized. Thus,
if 100 samples of water and
sediment have been collected and
tested, the top 3, 5 or 20 samples
with the greatest concerns, due to
their implied contained hazards,

can be derived for each type of
sample, e.g., water, Milli Q water
extracted sediments and solvent
extracted sediments.

SIMULATION OF ATRAZINE MOVEMENT IN UNSATURATED MEDIA

Movement of water and
associated chemicals in
unsaturated media can be
described deterministically by
application of numerical models,
which approximate the physical
and chemical processes that affect
soil, water, and solutes. This study
uses LEACHP, the Leaching
Estimation and CHemistry of
Pesticides model, to simulate
movement of atrazine, a widely
used broadgrass herbicide. The
simulated system is a 1.5-meter
silty-clay loam profile with a single
application of atrazine (2
kilograms per hectare) at the
surface. Simulated processes
influencing the movement,
concentration, and degradation of
atrazine include advection,

David A. V. Eckhardt
U.S. Geological Survey
Water Resources Division
521 West Seneca Street
Ithaca, New York 14850

diffusion and dispersion,
dissolution, adsorption, and loss by
volatilization, hydrolysis, and
biodecay. Mass flux of atrazine
from the bottom of the profile was
evaluated for 10 separate 720-day

.simulations. Two model variables

(organic-carbon content and
dispersivity) were varied in the
simulations to evaluate the
corresponding effect of each on
mass flux,

Movement of atrazine through
the soil profile is primarily by
advection and is largely controlled
by the amount of infiltration
(difference between rainfall and
evapotranspiration). High organic
carbon content in upper zones of
the profile retards atrazine
movement owing to increased

sorption, thus increasing atrazine
travel time through the profile.
Hydrolysis and biodecay
subsequently decrease the mass of
atrazine in the profile and hence
further decrease the flux of
atrazine in drainage. High
dispersivity allows some atrazine to
escape upper zones of high
organic-carbon content before
being sorbed, thereby resulting in
increased mass flux. The mass flux
is negligible in soils with the lowest
dispersivity, primarily because
retardation by sorption and
subsequent hydrolysis and
biodecay in organic-rich upper
zones largely prevents atrazine
movement under conditions of low
dispersivity.

ADSORPTION OF TRICHLOROETHYLENE TO MICROBIAL BIOMASS
AND PEAT AT PICATINNY ARSENAL, NEW JERSEY

Soil bacteria and peat may
temporarily remove significant
quantities of organic compounds in
saturated and unsaturated portions
of the aquifer at Picatinny Arsenal,
New Jersey, by adsorption
processes. Peat deposits, ranging

Theodore A. Ehlke
U.S. Geological Survey
New Jersey District
810 Bear Tavern Road, Suite 206
Trenton, New Jersey 08628

in thickness from less than one
meter to several meters, overlie a
trichloroethylene (TCE) plume in
the ground water.

Adsorption of TCE to microbial
biomass and peat was studied using
indigenous bacteria and peat from

the site in static laboratory
microcosms. Initially, to simulate a
living system, ground water from
the study area was given a spike of
TCE, nutrients, and a bacteria
inoculum. Microcosms were
incubated at 20 degrees Celsius




under aerobic conditions. After 12
days, the aqueous TCE concen-
tration in nonsterile microcosms
was 58 percent less than in similar
sterile controls. The total TCE
concentration (adsorbed and
aqueous phases) did not change in
sterile and nonsterile microcosms
during the same period, indicating
that essentially no biodegradation
had occurred. Results suggest that
TCE which was adsorbed by

bacteria may be associated with the
cell membrane, rather than cellular
contents.

Adsorption of TCE to peat was
studied in sterile laboratory
microcosms by exposure of a TCE
solution to peat at 23 degrees
Celsius for 30 hours. The
adsorption of TCE at an
equilibrium concentration of 526
micrograms per liter was 0.121
milligram of TCE per gram of peat.

The isotherm was linear within a
range of 3 micrograms per liter of
TCE to 526 micrograms per liter.

Soil bacteria and peat probably
are  significant removal
mechanisms for TCE in ground
water at Picatinny Arsenal. The
magnitude of the removal process
involving peat likely is much
greater than the adsorption to bac-
teria because of the large quantity
of available peat.

INTERMETALLIC CONTROLS ON MERCURY PARTITIONING IN BED
SEDIMENTS OF NORTHERN WISCONSIN SEEPAGE LAKES

Ambient factors such as pH and
the nature and abundance of
organic matter are known to
influence the chemical partitioning
of mercury in aquatic systems.
Another controlling factor, about
which less information is available,
is the interaction of mercury with
other metals, particularly iron and
manganese. Three seepage lakes
in northern Wisconsin are being
studied to assess the importance of
sorption on hydrous oxides of iron
in controlling mercury partitioning
in bed sediments and interstitial

John F. Elder
U.S. Geological Survey
Wisconsin District
6417 Normandy Lane
Madison, Wisconsin 53719

water. One of the studylakes (Little
Rock Lake) is artificially separated
into two basins, one of which has
been acidified, allowing
comparison of ecosystem-level
characteristics between an
acidified basin and a reference
basin.

Little Rock Lake contains only
trace amounts of mercury;
concentrations in the epilimnetic
waters are commonly less than
1 nanogram per liter. In anoxic
hypolimnetic waters, total mercury
concentrations are approximately

tenfold higher, and in the
sediments, they generally fall in the
range of 0.02 to 0.20 micrograms
per gram. Up to 25 percent of
sedimentary mercury may be
sorbed to hydrous oxides of iron
and manganese that are extractable
with weak (0.05N) hydrochloric
acid. Lake acidification appears to
have little effect on total mercury
concentrations in bed sediments,
but it may have appreciable effect
on the proportion of particulate
mercury that is extractable.

SUGGESTIONS FOR A QUALITY ASSURANCE PROGRAM FOR
EVALUATING LABORATORIES

Water Resources Division
(WRD) district offices of the U.S.
Geological Survey estimate that in
1989 approximately 2.8 million

David E. Erdmann
U.S. Geological Survey
Water Resources Division
Branch of Quality Assurance
Box 25047, Mail Stop 401
Lakewood, Colorado 80225

dollars of analytical work will be
performed for them by laboratories
other than the U.S. Geological
Survey National Water Quality
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Laboratory. The evaluation
and selection of competent
laboratories is necessary to



maintain the high standards of

work done by the Survey.

The process of evaluating a
laboratory should begin several
months prior to the submission of
samples for analysis and, for the
WRD, consist of the following
major steps:

1. Review the laboratory’s quality
assurance (QA) plan to ensure
the lab has satisfactorily
addressed the appropriate QA
procedures.

2. Submission of reference
samples, if possible, to evaluate
laboratory’s ability to perform
the determinations of interest.

3. Completion of an onsite review
to facilitate communications
and verify instrumental and
analytical compatibility.

4. During the period that samples
are submitted to the laboratory,
quality contro! samples are
submitted, and analytical results
reviewed, to ensure continued
capability. These samples

normally include reference
materials, duplicates, matrix
spikes, and blanks. Partic-
ipation in the Branch of
Quality Assurance’s Standard
Reference Water Sample
program is a requirement.

This evaluation process should
enable a district to select a
laboratory that will meet the
district’s needs and assure that the
analytical work meets the Survey’s
specifications.

EFFECT OF OIL PRODUCTION ACTIVITIES ON SURFACE WATER
QUALITY IN THE KENTUCKY RIVER BASIN, KENTUCKY

Ronald D. Evaldi* and James L. Smoot James A. Kipp
U.S. Geological Survey Kentucky Geological Survey
Kentucky District University of Kentucky
2301 Bradiey Avenue 228 Mining and Mineral Resources Building

Louisville, Kentucky 40217

An investigation of selected
streams draining oil-production
fields was conducted as part of the
Kentucky River basin National
Water Quality Assessment pilot
project. Objectives of the study
were to determine water quality
constituent concentrations and
mass-transport estimates for these
streams and to assess their impact
on downstream water quality.
Water-quality conditions were
characterized by analyzing existing
information, and by synoptic,
periodic, and high-flow sampling
over a two-year period at three
fixed stations. Mass transport
estimates were made using these

observations and relations
developed between certain target
constituents and continuous
specific-conductance monitoring
and discharge records.
Constituent coverage included
trace elements, major ions, and
nutrients. The constituents of
major interest were the ions and
metals, such as bromide, chloride,
and barium, commonly contamed
in subsurface waters associated
with oil reserves (brines).
Concentrations of chloride,
barium, and several other
constituents were well in excess of
applicable water-quality criteria.
Although no water-quality criteria
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exist for bromide, its role in the
formation of trihalomethane
(THM) compounds made it a
constituent of particular interest.
Mass transport estimates of
bromide and chloride in the
mainstem of the Kentucky River
(downstream of the oil fields)
related closely to oil-production
estimates. Existing information
and synoptic sampling data
indicate that the principal source of
bromide to surface waters in the
Kentucky River basin is from
brines associated with oil

production.
*Presenting author.



IMPACT OF AN ARTIFICIAL RECHARGE STRUCTURE ON PESTICIDE
CONCENTRATIONS IN THE ADJACENT GROUND WATER

Mary E. Exner
Conservation and Survey Division

Institute of Agriculture and Natural Resources

Bromide homogeneously mixed
in a 73-acre impoundment was
used to trace the movement of
recharge water to twenty-eight
nested monitoring wells installed in
ten clusters at four locations
around the main pool. The
25-square mile drainage area is
planted largely to irrigated corn
and grain sorghum. The data
indicate there is a shallow ground-
water flow system perched on a thin
aquitard, which locally prevents
most of the seepage from entering
the regional aquifer. Of the
twenty-seven pesticide residues

University of Nebraska
113 Nebraska Hall
901 North 17th Street
Lincoln, Nebraska 68588-0517

measured, only atrazine was
detectedin 12 of 15 farmstead wells
sampled in the baseline study of the
regional aquifer. The concen-
trations averaged 0.04+0.05 ppb.
Atrazine, alachlor, cyanazine, and
metolachlor, however, were
present in the recharge structure
water and in adjacent monitoring
wells screened in both ground-
water flow systems. Atrazine
concentrations ranged from 8.8 to
0.3 ppb in the shallow flow system
and from 2.5 to 0.1 ppb in the wells
in the regional aquifer that had
bromide concentrations above

background levels. Cyanazine,
metolachlor, and alachlor
concentrations were in the
hundreds of parts per trillion in
both flow systems. Unlike alachlor,
metolachlor, which is more
persistent, was present in the
ground water at all three samplings
during the 13-month period.
Despite attenuation in the regional
aquifer, the concentrations of all
four herbicides were anomalously
high in comparison to those in
other ground water that has been
monitored in Nebraska.

APPLICATIONS OF INDUCTIVELY COUPLED PLASMA MASS
SPECTROMETRY TO TRACE ELEMENT ANALYSIS OF NATURAL WATERS

Inductively Coupled Plasma -
Mass Spectrometry (ICP-MS) is a
powerful new instrumental techni-
que for trace element analysis. Its
outstanding features include multi-
element analysis capability, very
low levels of detection, isotope
ratio measurements, and speed of
analysis. ICP-MS combines an
argon plasma as the sample
introduction system to generate
vapor phase singly-charged ions of
the elements from a sample solu-
tion and a unit-resolution quad-
rapole mass spectrometer as the
detection system. The instru-
ment can perform qualitative,

Lynda M. Faires
U.S. Geological Survey
National Water Quality Laboratory
5293 Ward Road
Arvada, Colorado 80002

semiquantitative, or quantitative
analysis for most elements in the
periodic table. The ability to
measure isotope ratios can be used
for the determination of isotope
abundances or the application of
isotope dilution techniques to
quantitative analysis. ICP-MS
performs best with aqueous
samples in which the analytes are in
the parts per billion concentration
range and the sample matrix does
not exceed 0.1 percent total
dissolved solids; therefore it is a
logical technique for trace element
analysis of natural waters.

The advantages and limitations of
the ICP-MS technique will be com-
pared to the analytical methods
currently used at the National
Water Quality Laboratory.
Examples of applications of ICP-
MS to trace element and isotopic
analysis of natural waters will be
presented. Possible interfaces with
other analytical instrumentation
such as liquid chromatography for
sample cleanup and preconcentra-
tion will be described. Special con-
siderations in the development of
ICP-MS methods for routine
analysis of natural waters will be
discussed.



EFFECTS OF INDUSTRIAL PUMPING AND RECHARGE ON ADVECTIVE
TRANSPORT OF ORGANIC CONTAMINANTS, LONG ISLAND, N.Y

Steven M. Feldman* and Douglas A. Smolensky

Ground-water contamination has
resulted from use and disposal of
synthetic organic contaminants in
an industrial-zoned area in
east-central Nassau County, Long
Island, N.Y. The 11.4-square-mile
area of investigation lies 1.5 miles
south of the island’s ground-water
divide. A three-dimensional
ground-water-flow model of the
local area was constructed for fine-
scale examination of the effect of
human-induced stresses on local
ground-water-flow patterns. The
model was coupled with an
islandwide ground-water-flow
model to define the fluxes entering

U.S. Geological Survey
Water Resources Division
5 Aerial Way
Syosset, New York 11791

and leaving the boundaries of the
study area.

Contaminants have moved from
the water-table aquifer into the
underlying Magothy aquifer, from
which 14 industrial wells pumped a
total of 8.05 million gallons per day
in 1987. Most of the water is used
for cooling purposes and is then
returned to recharge basins.
Cones of depression at pumped
wells and water-table mounds
beneath recharge basins have
altered the natural ground-water-
flow system by dramatically
increasing the vertical component
of flow beneath the industrial zone.

Trichloroethylene and tetra-
chloroethylene near the water table
were measured at concentrations
greater than 1,000 micrograms per
liter and were detected at depths as
great as 500 feet. The model
predicts that, in areas where pump-
ing and recharge occur, vertical
hydraulic gradients increase
threefold in response to the
stresses. In addition, particle-
tracking analyses based on
flow-model results are compatible
with field observations of the plume

distribution.
*Presenting author.

ADVANCES IN INSTRUMENTATION FOR AUTOMATICALLY
MONITORING WATER QUALITY

Automatic monitoring of water
quality is the use of streamside
instruments to continuously
measure, record, and transmit
water-quality data. Water quality
characteristics that are measured
are water temperature, specific
conductance, pH, dissolved
oxygen, and, sometimes, optical
properties. Commonly, battery-
powered systems with in situ
sensors are employed. Less often,
pumping systems are used to fur-
nish water to off-stream sensors in
flow-through chambers. Fouling of
the sensors is a major problem and
affects the accuracy of the data.
U.S. Geological Survey personnel

James H. Ficken
U.S. Geological Survey

Hydrologic Instrumentation Facility

Building 2101

Stennis Space Center, Mississippi 39529

expend much time in field cleaning,
calibrating, and maintaining water-
quality monitoring systems. An
Ohio study has shown that the field-
maintenance time could be
reduced by the use of "smart"
sensor packages, which can be
calibrated at the office and
swapped out with sensors at the
stream site.

Specifications for these "smart"
sensor packages have been
prepared and are being reviewed
by vendors. The sensor systems
will interface with the Survey’s new
Basic Data Recorder and
communicate with it by digital
transmission.

Improved sensors are needed to
overcome the effects of fouling.
New sensors are also needed to
measure concentrations of
nutrients, heavy metals, and a host
of organic compounds that make
up herbicides, pesticides, and other
toxic and hazardous substances.
In development are instruments
that use techniques such as ion-
exchange chromatography, gas
chromatography, mass spectros-
copy, and fiber optics to make field
measurements. Some have
reached the point of operation in
the field with skilled operators, but
none are capable of unattended
operation for any length of time.



GROUND-WATER FLOW TO SUBSURFACE AGRICULTURAL DRAINS IN
THE WESTERN SAN JOAQUIN VALLEY, CALIFORNIA

Field observations and numerical
simulation of shallow ground-
water flow in an artificially-drained
agricultural field provide insights
into the hydrologic and geochem-
ical processes affecting the
movement of saline water
containing high concentrations of
selenium to drain laterals in the
western San Joaquin Valley,
California. The drain laterals
studied are located in about 9
meters of fine-textured soil
overlaying a sand layer. A two-
dimensional, finite-difference
simulation of steady-state flow to
two drain laterals placed at 2 and
2.5 meters below land surface
shows the influence of the sand

John Fio* and Steven J. Deverel
U.S. Geological Survey
2800 Cottage Way
Sacramento, California 95825

layer and irrigation on flow to the
drains.

During unirrigated periods,
shallow ground-water flow is
predominantly affected by regional
horizontal gradients, except near
the deepest drain lateral. The
traveltime to the deepest drain
lateral from a location near the
water table at a distance of 50
meters is about 20 years. About 80
percent of the drain water during
unirrigated periods is attributed to
vertical flow from the sand layer.
In contrast, flow paths to each
drain lateral during irrigation are
deeper and concentric, and the
traveltime to the deepest drain
lateral from the same location is
about 30 years. The proportion of

water from the sand layer in the
drain lateral during irrigation is
about 60 percent.

Chemical and isotopic data from
observation wells and drain laterals
provide qualitative model
verifications. The partially
evaporated water high in selenium
concentrations in the sand layer is
enriched in oxygen-18 and
deuterium. Water in the soil where
the drain laterals are located is
isotopically depleted and has a
lower concentration of selenium.
The isotopic and chemical
composition measured in the drain
water confirms the proportional
mixture of the two water qualities
that was predicted with the

ground-water-flow simulation.
*Presenting author.

EFFECT OF STORING DILUTE MERCURY SOLUTIONS IN

POLYETHYLENE BOTTLES

Marvin J. Fishman*

U.S. Geological Survey
National Water-Quality Laboratory
5293 Ward Road
Arvada, Colorado 80002

Since October 1984, the U.S.
Geological Survey has used glass
bottles and dichromate/nitric acid
to store and preserve water
samples that are to be analyzed for
mercury. Before October 1984,
samples were collected in
polyethylene bottles and preserved
with nitric acid. The results of the
analyses of these samples for
mercury show a negative bias. It

appears that mercury either
adsorbed onto or diffused through
the walls of the polyethylene
bottles. To determine the
apparent loss of mercury and the
effect of storage in polyethylene
bottles on natural samples, a
number of reference sainples were
transferred to polyethylene bottles,
and one-half of the samples were
treated with dichromate/nitric acid

David E. Erdmann and Jerry V. Farrar
U.S. Geological Survey
Branch of Quality Assurance
Box 25046, MS 401
Denver, Colorado 80225

as a preservative. All of the
standard reference samples were
then analyzed for mercury
periodically over two months.
Data will be presented on the effect
of storing mercury solutions in
polyethylene bottles with and
without the dichromate/nitric acid

preservative,
*Presenting author.



EFFECT OF SAMPLE HANDLING ON OBSERVED MERCURY
CONCENTRATIONS IN USGS NATIONAL NETWORK SURFACE-WATER

SAMPLES, 1973-88

Mercury concentrations in
samples collected for the National
Stream Quality Accounting
Network (NASQAN) and the
Hydrologic Benchmark Network
(HBN) have varied widely during
1973-88. During this period,
methods for preservation of
mercury samples have changed,
mercuric chloride has been intro-
duced as a preservative for nutrient
samples, and the minimum
reporting level for mercury
analyses has decreased from 0.5 to
0.1 micrograms per liter. In
addition, methods for collecting

Kathleen K. Fitzgerald
U.S. Geological Survey
Wisconsin District
6417 Normandy Lane
Madison, Wisconsin 53719

and handling water-quality
samples have changed over the
years. Some of the variation in
reported mercury concentrations
can be attributed to the changes in
sample collection and preservation
techniques. Commonly, measured
concentrations are anomalously
high, suggesting, in many cases,
that contamination has occurred.
Very high concentrations were
documented prior to 1985 when
polyethylene bottles, which allow
rapid loss of mercury from a water
sample by vapor migration, were in
use. Prior to 1981, broken

thermometers and elemental
mercury carried in vehicles for use
in manometers were the likely
primary sources of contamination.
In 1981, mercuric chloride used to
preserve nutrient samples became
another potential source. The
anomalously high mercury
concentrations caused by sample
contamination and the general
reduction in mercury concentra-
tions following the changes in
sample handling and data
reporting through the years are
evident in the National Network
data bases.

SUPERCRITICAL FLUID EXTRACTION OF TRACE ORGANIC AQUATIC
POLLUTANTS PRECONCENTRATED ON SOLID SORBENTS

William T. Foreman
U.S. Geological Survey

National Water Quality Laboratory

Methods Research and Technology Transfer Program

Conventional liquid-liquid
extraction techniques for isolating
trace organic pollutants from water
are time consuming and require
extensive manual manipulations
that may cause contamination and
result in poor recovery. An
alternative extraction technique
uses solid sorbent technology for
preconcentrating water con-
taminants, preferably in the field.
The most common method for
cluting analytes from solid sorbents
is desorption with organic solvents.
This process has the disadvantage
of requiring variable solvent
volumes and manual solvent

5293 Ward Road
Arvada, Colorado 80002

reduction prior to analysis.
Another approach uses thermal
desorption of analytes directly into
a gas chromatograph (GC), but
requires that both analytes and
sorbent be thermally stable and is
limited to low molecular weight
compounds. A relatively new
approach to solid sorbent
desorption uses supercritical
fluids, which have near-liquid-like
densities, but faster mass transport
properties than liquid solvents.
Supercritical fluid extraction
(SFE) techniques have
demonstrated the potential for fast
quantitative desorption, selective

sequential desorption using varied
fluid densities and types, rapid
quantitative extract concentration,
and the possibility of directly
coupling the desorption step with
GC analysis. This paper presents
our efforts towards developing and
evaluating SFE methods for the
desorption of pesticides and other
trace organic aquatic pollutants
preconcentrated on sorbent
cartridges. Results from spike
recovery experiments and real
surface- and ground-water
applications utilizing solid sorbent
field sampling and SFE procedures
will be presented.



RESPONSE OF AQUATIC COMMUNITIES IN THE BOISE RIVER, IDAHO
TO TRACE ELEMENTS IN MUNICIPAL WASTEWATER EFFLUENTS

The City of Boise, Idaho operates
two municipal wastewater treat-
ment facilities that discharge
treated effluent into the Boise
River. The Citynegotiated with the
U.S. Environmental Protection
Agency to exclude more stringent
trace-element criteria in the
renewed National Pollutant
Discharge Elimination System
permits for the treatment facilities.
The renewed permits did not
include specific trace-element
criteria, but instead required an
assessment of the Boise River to
determine whether trace elements
in effluents adversely affected
aquatic communities. A multidis-
ciplinary water-quality study was

Steven A. Frenzel
U.S. Geological Survey
Water Resources Division
230 Collins Road
Boise, Idaho 83702

done by the U.S. Geological Survey
during low-flow conditions; data
were collected from October to
December 1987 and from January
to March 1988.

Trace-element concentrations in
the Boise River were less than or
near analytical detection levels.
All detectable concentrations were
less than chronic toxicity criteria.
Benthic invertebrate communities
were sampled using artificial
substrates at sites upstream and
downstream from each wastewater
treatment facility. Invertebrate
communities at all sites were
dominated by midges, black flies,
Baetidae mayflies, and Hydro-
psychidae caddisflies. Relative

abundances of all insect families
collected were compared using a
nonparametric test for association,
which indicated that effluents had
little effect on community
structure. A test which
discriminates between sites
receiving enriching and stress-
inducing effluents, the coefficient
of community loss, indicated
benign enriching effects on insect
communities from the effluents.
Distributions of trace-element-
intolerant mayflies were compared
using a nonparametric analysis of
variance, which indicated that
intolerant organisms were not
adversely affected by effluents.

GEOGRAPHICAL DISTRIBUTIONS OF TRACE ELEMENTS IN BOTTOM
MATERIAL AND SUSPENDED SEDIMENT IN THE YAKIMA RIVER
BASIN, IN CENTRAL WASHINGTON

Gregory J. Fuhrer*, Stuart W. McKenzie,
and Joseph F. Rinella
U.S. Geological Survey
Pacific Northwest District
National Water Quality Assessment Program
10615 S.E. Cherry Blossom Drive

Portland, Oregon 97216

The Yakima River Basin is one of
four surface-water pilot studies in
the U.S. Geological Survey’s
National Water Quality
Assessment Program. Program
objectives include identifying
temporal and spatial variations of
trace-element concentrations in
suspended sediment and
determining sources of trace ele-
ments in fluvial sediments.

To determine trace-element
associations with fluvial sediment,
about 330 bottom-material samples
were collected from headwater
sites, 90 bottom-material samples
were collected from tributaries and
main-stem sites, and 180
suspended-trace-element samples
are being collected from monthly
samplings at seven fixed stations
over a three-year period. Tributary
sites were selected to determine
the significance of trace-element

Richard F. Sanzolone
U.S. Geological Survey
Branch of Geochemistry
Denver Federal Center, MS 973
PO BOX 95046
Denver, Colorado 80225

transport from headwater sites and
to evaluate anthropogenic effects.
Bottom materials--less than 0.062
millimeters in diameter--and
suspended-sediment samples,
were totally digested and analyzed
for 43-trace elements.

Bottom materials from head-
water sites, located in the High
Cascades which includes andesitic
and rhyolitic volcanics and
granitic- and ultramafic-intrusive
units, are enriched in arsenic,




cobalt, chromium, copper,
mercury, nickel, and zinc. Copper,
mercury, and nickel are
transported downstream to the
main stem and throughout the
irrigation distribution system.

Samples from fixed stations,
downstream of headwater-
enriched sites, also contain
enriched suspended-copper and
nickel concentrations. Conversely,
samples from headwater sites lack

enriched lead concentrations;
however, concentrations of
suspended- and bottom-material
lead at urban sites are enriched

relative to headwater sites.
*Presenting author.

SPECIATION OF SOLUBLE AND ADSORBED SELENIUM IN SOILS,
WESTERN SAN JOAQUIN VALLEY, CALIFORNIA

Vadose-zone soils from several
agricultural fields on the Panoche
fan in the western San Joaquin
Valley, California, have been
studied to determine the dominant
soluble and adsorbed selenium
species and the probable
mechanism controlling selenium
mobility. Comparisons of soluble
forms of selenium obtained from
saturated soil pastes, suction probe

Roger Fujii
U.S. Geological Survey
California District Office
2800 Cottage Way
Sacramento, California 95825

lysimeters, and hydraulically
extracted soil pore water showed
that selenate is the predominant
form of soluble selenium in all but
the most leached soils. Near-
surface soils subjected to consider-
able leaching had much lower
concentrations of soluble selenium,
a substantial proportion of which
was selenite. Phosphate-extract-
able selenium was mostly com-

posed of selenite and compared
well with isotopically exchangeable
selenite, indicating that the phos-
phate extract can provide an
estimate of adsorbed selenite.
These results indicate that mobile
selenate is readily leached from
these soils, and other less soluble
forms such as adsorbed selenite
may be slowly released over time.

THE BACTERIOLOGICAL QUALITY OF STREAMS IN TROPICAL ISLANDS

Roger S. Fujioka*
Water Resources Research Center
University of Hawaii
Honoluly, Hawaii 96822

Streams on tropical islands
commonly are used for recreation
and are monitored for fecal
indicator bacteria (fecal coliform,
fecal streptococci) to assess their
sanitary quality. Streams classified
for recreational use in Hawaii
(Chapter 11-54, Hawaii Water
Quality Standards, 1988) should
not exceed a geometric mean of 200
fecal coliform per 100 milliliters.
These water quality standards
assume that the sources of these
fecal indicator bacteria are
primarily from sewage or direct
fecal contamination of the streams.

Johnson Yee
U.S. Geological Survey
Water Resources Division
677 Ala Moana Blvd., Suite 415

Honolulu, Hawaii 96813

Most streams on the island of
Qahu, Hawaii, consistently contain
high concentrations of fecal
coliform, usually exceeding the
recreational water quality
standards. More recent evidence
indicates that these streams will not
meet the new EPA standards of 33
enterococci per 100 milliliters or
126 Escherichia coli per
100 milliliters. These streams do
not receive sewage or other point
sources of discharges and contain
high concentrations of fecal
streptococci, suggesting a non-
human source of fecal contami-
nation. However, the presence of
these indicator bacteria in soil

suggest that these bacteria may be
multiplying in the environment and
are being washed into the streams
by rain. An examination of the data
collected by the U.S. Geological
Survey for several streams on
several islands in the State of
Hawaii supports the theory that
high concentrations of indicator
bacteria can be expected in streams
in the absence of known sources of
fecal contamination. This
information may indicate that a
re-evaluation of the meansto assess
the sanitary quality of streams in

tropical islands is needed.
*Presenting author.




NONPOINT SOURCE CONTAMINATION OF GROUND WATER IN
CENTRAL FLORIDA FROM URBAN RUNOFE CITRUS CULTIVATION, AND

PHOSPHATE MINING

Three specific land uses were
studied to determine their effects
on ground-water quality. Ground-
water samples were collected in an
urban area, a citrus growing area,
and a phosphate mining area. The
chemical analyses of these samples
were compared to those of ground
water from a forested area having
similar hydrology. The study is
part of the Toxic Waste--Ground
Water Contamination Program of
the U.S. Geological Survey.

In the urbanized area in Orlando,
Florida, drainage wells are used to
inject, by gravity, surface runoff
into the Upper Floridan aquifer.
This has resulted in a tenfold

Edward R. German
U.S. Geological Survey
224 W. Center Street
Altamonte Springs, Florida 32714

increase in ammonia and a
threefold increase in total organic
carbon in water within the Upper
Floridan aquifer in areas where the
density of drainage wells is high, as
compared with the forested area.
Results of rank correlation analysis
infer that ammonia concentration
is directly related to drainage-well
density.

Citrus cultivation has resulted in
an eightfold increase in median
specific conductance and a three-
hundredfold increase in median
nitrate concentrations in the
underlying surficial aquifer system,
based on a comparison of water
quality in cultivated and forested

areas. The herbicide bromacil has
reached the water table at most of
the sampling sites; concentrations
are highest where the water table is
closest to the land surface.

Activities associated with
phosphate mining and ore
processing have resulted in a nearly
tenfold increase in median specific
conductance and a thirtyfold
increase in median ammonia
concentrations in the surficial
aquifer system, based on a
comparison of water quality in
mining and forested areas. Four
wells in reclaimed phosphate
mining areas contained more than
50 organic compounds.

UNCERTAINTY OF REGRESSION-BASED CONSTITUENT TRANSPORT

ESTIMATES

Edward J. Gilroy* and Timothy A. Cohn
U.S. Geological Survey
Branch of Systems Analysis
National Center, MS 410
Reston, Virginia, 22092

Estimates of long-term transport
(load) of constituents at periodic
record stations are commonly
obtained by summing retrans-
formed estimates from regressions
of logarithins of load or concen-
tration. Typical explanatory
variables for these regressions
include functions of: flow, change
in flow, time relative to some origin,
and season of year. These
estimates are rarely corrected for
inherent transformation bias, and
thus have underestimated con-
stituent loads since their introduc-
tion by Miller (1951). Three

alternate estimators which do
correct for transformation bias are
described. An appropriate
measure of uncertainty (error) for
these four estimators of long-term
transport has been unavailable in
the water-resources literature.
Here we present the errors of long-
term transport at periodically
measured stations as functions of
the observed values of the
explanatory variables from the
long-term record and summary
statistics of the regression data.
Such estimates of error can be used
(1) in designing sampling strategies
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to minimize the uncertainty in
estimates of long-term transport
subject to a constraint on the
number of samples to be taken and
(2) in assessments of the con-
fidence that can be placed in
estimates of constituent transport.
Errors are increased when a biased
method (the retransformed rating
curve) is used, and when data used
to calibrate the regression model
differ from the data to be
estimated. Applications of these

error functions are illustrated.
*Presenting author.




DATA MANAGEMENT, CLEANUE, AND ANALYSIS FOR FLORIDA’S
AMBIENT BACKGROUND GROUND WATER MONITORING NETWORK

Tim Glover
Bureau of Ground Water Protection

Florida Department of Environmental Regulation

Florida’s Ambient Background
Ground Water Monitoring
Network consists of approximately
1,700 wells and has been developed
through the actions of the Florida
Department of Environmental
Regulation, the five Water
Management Districts, and certain
counties. There are now over
125,000 records of analytical data
collected on these wells. Because
of various computer capabilities
among the principal parties,
microcomputers are being used for
data management and transfer. A
DER developed data base

2600 Blair Stone Road
Tallahassee, Florida 32399-2400

management system is used to store
and retrieve these data.

Because of the large quantity of
data, their various reporting
formats, and the need for high
quality data, extensive data
verification, correction, and outlier
determination has been necessary.
Various goodness checks,
graphical and statistical outlier
determinations, and missing
data/bad code checks have been
developed and run.

By Legislative mandate, the
network is to be used for the
definition of background ground

water quality, identification of
temporal changes in the ground
water quality, and to identify the
effects of man’s use of the land on
ground water quality. The first
step in meeting these goals is the
definition of areas of consistent
water quality. Factor and cluster
analysis are being tried to meet this
first step. The next step is the
estimation of concentrations in
nearby wells in the same aquifer.
Kriging is being investigated for the
development of these predictive
surfaces.

SOLID- AND SOLUTE-PHASE TRANSPORT OF ARSENIC IN
WHITEWOOD CREEK, SOUTH DAKOTA

Kimball E. Goddard* and William R. Roddy

From 1876 to 1977, about 10
million metric tons of finely ground
mill  tailings containing
arsenopyrite were discharged to
Whitewood Creek near Lead and
Deadwood, South Dakota. The
result is an estimated 1.9 million
kilograms of arsenic stored in
fluvial sediments in and along
Whitewood Creek downstream
from Lead. This arsenic mass is
being exported from the basin by
solid- and solute-phase transport in
Whitewood Creek.

U.S. Geological Survey
Rapid City Subdistrict Office
515 Ninth Street, Rm 237
Rapid City, South Dakota 57701

The total arsenic mass-flux was"
estimated to be about 5,900 kg/yr
(kilograms per year) at the
streamflow-gaging  station
Whitewood Creek above Vale.
The solid-phase arsenic flux, about
4,800 kg/yr, was estimated using a
sediment-transport curve, flow
duration statistics, and the mean
concentration of arsenic in
suspended sediment. The solute-
phase arsenic flux, about 1,100
kg/yr, was estimated by applying
discharge-concentration regres-

sions and time-concentration
relations to daily mean discharges.
At the current rate of transport, it
would take about 320 years to
remove the stored arsenic mass
from the Whitewood Creek basin.
However, some arsenic-bearing
sediments are in deposits 3 to 5
meters above, and several hundred
meters distant from, the active
channel and are not readily

available for transport.
*Presenting author.




A RECONNAISSANCE FOR TRIAZINE HERBICIDES IN SURFACE
WATERS OF THE UPPER MIDWESTERN UNITED STATES

Donald A. Goolsby*
U.S. Geological Survey

E. Michael Thurman
U.S. Geological Survey

Water Resources Division Water Resources Division
Box 25046, MS 406 4821 Quail Crest Place
Denver Federal Center Lawrence, Kansas 66049

Denver, Colorado 80225

In 1989, a reconnaissance study
was initiated to determine the
distribution, and concentrations of
triazine herbicides in surface
waters in the corn producing region
of the upper midwestern United
States. The study area includes all
or parts of 11 States in the Ohio,
Upper Mississippi, and Lower
Missouri River basins. Cropland in
the study area produces more than
75 percent of the Nation’s corn and
more than 60 percent of the
Nation’s soybeans. About 60
percent of the pesticides and about
50 percent of the fertilizer used in
the United States are applied to the
cropland in this region. A large
percentage of the pesticides
consists of triazine herbicides,
principally atrazine. The effects of
the intensive application of the
triazine herbicides on surface
waters in the region are largely
unknown.

Two specific objectives of the
study are to: (1) Determine the
geographic and seasonal
distribution of triazine herbicides
in streams, and (2) determine the

Dana W. Kolpin and Mark G. Detroy

U.S. Geological Survey
Water Resources Division

PO Box 1230, Room 269, Federal Bldg,

400 South Clinton Street
Towa City, lowa 52244-1230

usefulness and limitations of a
low-cost, enzyme-based immuno-
assay analysis for determining tri-
azine-herbicide concentrations on
a regional-scale. The approach
consisted of allocating 150
sampling sites among the 11 States
inthe study areabased onthe quan-
tity of corn produced. Within each
State, the sampling sites were
selected from existing U.S.
Geological Survey stream-gaging
stations by a process that assured
an adequate geographic distribu-
tion. Each site was sampled three
times: (1) Before application of tri-
azine herbicides (March-April),
(2) during the first storm runoff
following application of triazine-
herbicides (May-June), and (3)
during late fall (October-

"November). All samples were

analyzed for triazine herbicides
using an immunoassay analysis and
for nitrate-nitrogen concen-
trations. In addition, one-third of
the samples were analyzed by
gas chromatography/mass
spectrometry (GC/MS) for 11
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herbicides and some of their
metabolites.

Sample collection began in
March 1989. Immunoassay results
indicate that triazine herbicide
concentrations in streams prior to
herbicide application exceeded the
detection limit of 0.2 micrograms
per liter at 41 percent of the sites.
The most frequent detections were
in Iowa, Illinois, and Ohio. GC/MS
resultsindicate that atrazine and its
metabolites are the most frequently
detected herbicides. Results from
quality assurance samples indicate
that immunoassay and GC/MS
analyses agree within about 20
percent. This presentation will
include a discussion of results of
the GC/MS and immunoassay
analyses, seasonal and geographic
distribution of triazine herbicide
concentrations, occurrence and
seasonality of atrazine metabolites,
a comparison of immunoassay and
GC/MS analyses, and the relation
(if any) between nitrate and

triazine herbicide concentrations.
*Presenting author.



QUALITY OF WATER AND BOTTOM SEDIMENTS ASSOCIATED WITH
IRRIGATION DRAINAGE FROM THE ANGOSTURA RECLAMATION UNIT
SOUTHWESTERN SOUTH DAKOTA

Water and bottom sediment
samples were collected during 1988
throughout the Angostura
Reclamation Unit (a U.S. Bureau
of Reclamation irrigation project)
and adjacent areas in the Cheyenne
River basin in southwestern South
Dakota. Samples were collected
three times during and one time
following the irrigation season at
one reservoir, three irrigation
return-flow sites, and five sites
unaffected by irrigation return-
flow. Concentrations of major ions,
selected trace elements, and
pesticide residues in water and
bottom sediments were deter-
mined. The analytical results were

Earl A. Greene
U.S. Geological Survey
Water Resources Division
Rm. 237, 515 9th Street
Rapid City, South Dakota 57701

compared to U.S. Environmental
Protection Agency (EPA)
drinking-water standards and
national baseline values (Smith,
R.A., Alexander, R.B., and
Wolman, M.G., 1987, Water-
quality trends in the nation’s rivers:
Science, v. 235, p. 1607-1615).
Concentrations of major ions in
water samples generally exceeded
the national baseline values.
Except for sé€lenium, which
equaled or exceeded the national
baseline value at all sites, other
trace-element concentrations in
water generally were less than
baseline values and generally did
not indicate any potential toxicity

problems. Pesticide residues at all
water sampling sites were less than
the analytical detection limits.

Trace-element concentrations in
bottom sediments generally were
similar to baseline values in area
soils. The maximum concentra-
tions of selenium (14 ug/g
(micrograms per gram)), strontium
(740 pg/g), vanadium (200 ug/g),
and zinc (140 ug/g) were substan-
tially greater than the 95-percent
expected baseline range for bottom
sediments. Pesticide residues in
bottom sediments were less than
the analytical detection limits at all
sites.

EPA’S WATER QUALITY ASSESSMENT PROCESS

Geoffrey H. Grubbs

Assessment and Watershed Protection Division

EPA works closely with the States
to monitor and assess the quality of
the Nation’s surface waters. The
primary objectives of EPA and
State monitoring programs are to
identify problem waterbodies,
determine the water quality status
of waterbodies compared to
Federally-approved State water
quality standards, and support
regulatory activities. Monitoring is
conducted by the States using
Federal grants, and assessment
results are reported to EPA under
the authority of various sections of
the Clean Water Act (CWA). EPA

U.S. Environmental Protection Agency

Washington, DC 20460

also conducts special studies

addressing issues of national
concern, such as the bioaccumula-
tion of toxic substances.

State reports submitted biennially
to EPA under Section 305(b) of the
CWA are the primary mechanism
used for reporting water quality
assessment results. EPA issues
guidelines for the States to report
on the extent to which waters meet
State standards and the goals of the
Clean Water Act, the causes and
sources of impairment, the impacts
of pollution (such as fishing
restrictions), the effectiveness of
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pollution control actions, and
related issued.

The Section 305(b) process is
continuously evolving. As part of
its effort to improve the quality and
usefulness of reported information,
EPA is engaged in efforts to reduce
inconsistencies in State assessment
and reporting methods; develop
new data management capabilities;
incorporate more representative
measures of ecological integrity;
and explore improved methods of
trend assessment.




EPA’S NONPOINT SOURCE PROGRAM

Geoffrey H. Grubbs

Assessment and Watershed Protection Division

The objective of the U.S.
Environmental Protection
Agency’s Nonpoint Source
Program is to achieve measurable
environmental results through
timely and effective implementa-
tion of strong State nonpoint
source (NPS) management
programs. To accomplish this
objective, EPA is moving
aggressively on three fronts.

First, EPA is working actively
with a broad range of interested
parties to establish a strong, viable
national framework for the
program. EPA Headquarters and
Regional Offices are assisting
States to update their NPS
assessment reports and
management programs and to
begin implementation of approved
management programs. The
Agency is providing technology
transfer through national and

U.S. Environmental Protection Agency

Washington, DC 20460

regional conferences, regional
workshops, and a national
clearinghouse. EPA is working
with selected Federal agencies to
increase their support for State
NPS efforts and with other EPA
programs such as ground water,
wetlands, estuaries and stormwater
permits to ensure appropriate
linkages with the NPS program.
Finally, EPA is providing training
and assistance to the States and
localities in building public support
for NPS implementation.

Second, EPA is taking a variety of
actions to encourage full use of
available resources. NPS staff are
working closely with other Agency
offices and the States to make funds
under Titles I, II and VI of the
Clean Water Act (CWA) available
to States and are assisting selected
States and localities to develop
their own innovative funding

mechamsms. In addition, EPA is
working with other Federal
agencies to facilitate broader use of
their resources to support State
and local NPS management
activities.

Third, EPA is orienting the NPS
Program to show progress in
achieving environmental results.
The 1990 Report to Congress on
progress under Section 319 of the
CWA will provide a frank
evaluation of progress to date and
contain recommendations for
changes needed to ensure
measurable environmental results.
EPA is aggressively pursuing
development and use of methods
for measuring the effectiveness of
best management practices and for
improving monitoring programs to
show results.

ECOLOGICAL ASPECTS OF THE NATIONAL WATER-QUALITY

ASSESSMENT PROGRAM

Examination of aquatic
communities and their associated
habitats as part of a water-quality
assessment provides a level of
interpretation that integrates
physical, chemical, and biological
water-quality parameters. The U.S.
Geological Survey is presently
developing plans for conducting
ecological surveys as part of the
National Water-Quality
Assessment Program (NAWQA).

Martin E. Gurtz
U.S. Geological Survey
Post Office Box 2857
Raleigh, North Carolina 27602

Ecological surveys will be
conducted in two stages in each
NAWQA basin, at sites ranging
from mainstem stations to low-
order tributaries, including
reference sites having minimal
human influences. Stage I is a
reconnaissance-type synoptic
survey of approximately 30 to 50
sites conducted once at the
beginning of the 3-year NAWQA
study, with the emphasis on
qualitative  sampling  of
invertebrate communities. The
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purposes of Stage I are to obtain a
broad spatial description of
biological communities and habitat
characteristics throughout the
basin and to evaluate and compare
candidate sites for Stage II
sampling.

Stage I1 is designed as a repeated
synoptic survey (4 times during a
3-year NAWQA study) and will
involve more intensive sampling of
biological communities (fish, inver-
tebrates, and algae) at fewer sites
(15 to 20). Ecological surveys will



be coordinated with other
biological activities, such as
sampling of biological tissues, as
well as with activities of other

resource agencies and researchers.
The approach and methods for an
ecological survey are being tested
in two pilot study basins: the

Yakima River in Washington and
the upper Illinois River in Illinois,
Indiana, and Wisconsin.

EFFECTS OF EXTRACTION PROCEDURES ON ANALYSIS OF WATER
FROM CONFINING UNITS IN THE NEW JERSEY COASTAL PLAIN

As part of an investigation of
borehole core materials in Howell
Township, New Jersey, water
samples extracted from Coastal
Plain confining units were
chemically analyzed. The major
anticipated limitations on quality of
the data produced were the small
volumes of samples and the effects
of extraction pressures on water
chemistry. Therefore, additional
water samples were analyzed for
the purpose of quality-assurance to
help evaluate the effects of these
limitations.

Water-sample volumes for
analysis of major ions, pH, specific
conductance, and alkalinity
generally were less than 15
milliliters. Analytical results for
selected duplicate samples were

Mark A. Hardy* and Amleto A. Pucci, Jr.

U.S. Geological Survey
New Jersey District
810 Bear Tavern Road
West Trenton, New Jersey 08628

typically within predetermined
precision criteria and in no case
varied sufficiently to impair data
interpretation. Analysis of
deionized water that had passed
through the extraction equipment
indicated that, except for pressure
effects, the equipment did not
affect the water samples
significantly.

Three water samples were
extracted from one core at
pressures of 900, 2,300, and 4,100
pounds per square inch.
Increasing extraction pressures
primarily affected concentrations
of bicarbonate (250-percent
increase), silica (36-percent
increase), potassium (22-percent
decrease), and hydrogen ion (97-
percent decrease). Although these

concentration changes did not
significantly change the
proportions of major ions in these
samples having high dissolved-
solids concentrations (1,700
milligrams per liter), such changes
might in samples having lower
dissolved-solids concentrations.
Evaluation of the quality-
assurance samples confirmed
previously observed differences
between confining-unit and aquifer
water chemistries. Causes of the
unique water chemistries in the
confining units, and their possible
effects on the chemical evolution of
water in aquifers are currently

being investigated.
*Presenting author.

PARTITIONING OF ELEMENTS BETWEEN TWO SIZE FRACTIONS IN
SEDIMENT SAMPLES FROM THE WESTERN UNITED STATES

Thelma F. Harms*, R. C. Severson, and K. C. Stewart

The Department of Interior task
group on irrigation drainage
conducted field-screening studies
at Bureau of Reclamation
irrigation projects associated with
wildlife refuges in the western
United States to evaluate potential

U.S. Geological Survey
Denver Federal Center
Box 25046, Mail Stop 973
Denver, Colorado 80225

adverse effects of irrigation
practices on fish and wildlife, or
other water users. Nine areas were
included in the field-screening
studies in 1986-1987 and an
additional eleven areas included in
1987-1988. At the 20 areas, a total

of about 200 samples of bottom
material from streams, rivers,
marshes, ponds, lakes, and
drainage ditches were collected.
The bottom materials were sieved
into less than 2 millimeter (less than
0.063 millimeter material included)



and less than 0.063 millimeter
fractions and analyzed for their
total content for major and minor
elements, including heavy metals,
arsenic, selenium, and water-

soluble boron. Comparisons are
made between the fractions to
show enrichment or depletion of
various elements. The results are
useful in designing sampling plans

for bottom materials where specific

elements are of primary interest.
*Presenting author.

WATER-QUALITY TRENDS OF THE ALBEMARLE-PAMLICO ESTUARINE
SYSTEM, NORTH CAROLINA

Douglas A. Harned* and Marjorie S. Davenport

The U.S. Geological Survey
compiled and analyzed existing
hydrologic and water-quality data
from more than 200 stream and
estuary stations, including seven
stations of the National Stream
Quality Accounting Network, in
the Albemarle-Pamlico estuarine
system (APES) to identify long-
term temporal and spatial trends.
The APES study area, which has a
total basin area of 31,000 square
miles, is currently the subject of a
comprehensive research effort by
State, Federal, university, and local
interests. Regression-residuals
analysis, seasonal Kendall’s Tau
test for trends, and graphical

U.S. Geological Survey, WRD
Post Office Box 2857
Raleigh, North Carolina 27602

analysis using annual box plots
were employed to determine
trends.

Profound change has occurred in
the water quality of the APES area
over the last 30 years. Analysis of
water-quality data upstream from
the estuaries indicates increases in
discharge-adjusted values of
specific conductance and alkalinity
and hardness, and in concentra-
tions of phosphorus, chloride, and
dissolved solids. In the estuaries,
pH is increasing, except in the
Pamlico River where it is
decreasing. Generally, there is a
decrease in suspended inorganic
material in the system. Salinities

are decreasing for sections of the
Pamlico River and increasing for
parts of Albemarle Sound.
Nitrogen concentrations are
decreasing, except in the Pamlico
River where they are increasing.
Phosphorus concentrations are
increasing in the Pamlico River and
decreasing elsewhere. Annual
average data show that nitrogen is
the limiting nutrient in the Neuse
and Pamlico Rivers. Phosphorus is
limiting in the rest of the area.
Chlorophyli-a levels are increasing
in parts of the Neuse and Pamlico
Rivers and decreasing in parts of
the Chowan River.

TRANSPORT OF BACTERIA THROUGH CONTAMINATED AQUIFER

SEDIMENTS IN SMALL-SCALE TRACER EXPERIMENTS: THE ROLE OF
SORPTIVE FILTRATION

Ronald W, Harvey*
U.S. Geological Survey
Water Resources Division
345 Middlefield Rd., MS 465
Menlo Park, California 94025

Stephen P. Garabedian
U.S. Geological Survey
Water Resources Division
New England District
28 Lord Road, Ste. 280
Marlborough, Massachusetts 01752

A sorptive-filtration model that is
used to describe removal of
colloidal particles during packed
bed filtration in water treatment
applications was modified and
evaluated for describing transport
of bacterial populations through
contaminated, sandy aquifer

sediments. The filtration model
was applied to the transport of
indigenous bacteria in a small-scale
(7 meter), natural-gradient tracer
test and in the upgradient portion
of a 4 kilometer-long plume of
organically-contaminated ground
water. The model, which was
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corrected for retardation of a part
of the population and for
dispersion, accurately accounted
for much of the observed
breakthrough for stained bacteria
in the small-scale tracer
experiment. In addition, the model
accounted for the observed 54




percent increase in average cell
size for a bacterial population
being transported downgradient
along a 640-meter section of the
contaminant plume. However,
several uncertainties were
apparent in the application of the
colloid-filtration theory. Also, the

effects of aquifer heterogeneity,
bacterial growth, grazing by
protozoa, lysis, and secondary pore
structure (preferred flow paths)
would necessitate the use of a more
complex model for large-scale
transport experiments with
bacteria. However, our small-scale

test results suggest that filtration
theory may be useful as one
component in a multi-component
description of immobilization in
transport models involving

bacteria in ground water.
*Presenting author.

SUPERCRITICAL FLUID EXTRACTION (SFE) AND COUPLED SFE-GC
ANALYSIS OF ENVIRONMENTAL SOLIDS AND SORBENT RESINS

The extraction and concentration
of organic pollutants from
environmental solids and sorbent
resins is often the slowest and most
error-prone step of an entire
analytical scheme. Liquid solvent
extractions take several hours to
perform, and result in a diluted
sample that often must be
concentrated prior to analysis. In
contrast, supercritical fluid
extraction (SFE) can yield
quantitative recovery of organic
pollutants from environmental
solids and sorbent resins in a few
minutes. SFE is simple and
inexpensive to perform, and
generates no liquid solvent waste.

Steven B. Hawthorne* and David J. Miller

University of North Dakota

Energy and Minerals Research Center

Campus Box 8213
Grand Forks, North Dakota 58202

Since many supercritical fluids are
gases at room temperature, analyte
concentration steps are simplified,
and the SFE step can be directly
coupled with capillary gas
chromatography (SFE-GC).
SFE-GC yields maximum
sensitivity since all of the extracted
analytes are quantitatively
transferred into the capillary GC
column for cryogenic trapping
prior to conventional GC analysis
using MS, FID, or ECD detectors.
With SFE-GC, quantitative
analysis of environmental solids
completed in less than one hour,
and ppb detection limits can be
attained with samples as small as

1 mg using a conventional GC/MS.
Excellent quantitative agreement
with National Institute of
Standards and Technology (NIST)
certified standards has been
achieved. The use of SFE and
coupled SFE-GC for the rapid and
quantitative extraction and analysis
of PCBs, PAHs, heteroatom-
containing PAHs, pesticides, and
fuel components from a variety of
matrices including soils and
sediments (including the new
standard sediment from NIST),
and Tenax and polyurethane foam
(PUF) sorbent resins will be
described.

*Presenting author.

STATISTICAL ANALYSIS OF DATA BELOW DETECTION LIMIT(S)

Water-quality data may contain
values known only to be below one
or more limits of detection. Such
values are commonly referred to as
"less-thans." Traditional methods
of statistical analysis, such as com-
putation of means, or parametric

Dennis R. Helsel* and Timothy A. Cohn

U.S. Geological Survey
Water Resources Division
Branch of Systems Analysis
410 National Center
Reston, Virginia 22092

tests such as the t-test, cannot
effectively incorporate "less-thans."
However, statistical medhods that
are less familiar to hydrologists are
available for analysis of such data.
These methods are surveyed here.

First, methods for estimation of
summary statistics (mean, standard
deviation, median and interquar-
tile range) for data sets including
"less-thans" will be presented.
These methods have been shown to
be robust (generally applicable)




over a wide range of data
distributions. The limitations of
these methods will also be
discussed in the context of
publishing summary statistics in a
U.S. Geological Survey report.
Second, tests for differences
between data sets which include
"less-thans" will be illustrated.
Nonparametric tests can easily

incorporate data with one
detection limit. Tests appropriate
when more than one detection limit
occur are more problematic. The
implications for changing detec-
tion limits over time, and with
differing detection limits based on
sample characteristics, will be
discussed.

Third, methods for regression
with data which include "less-
thans" are discussed. Two
techmques--logistic regression and
tobit analysis--have great utility for
data collected by Survey scientists.
These techniques are just
beginning to be applied in Survey
reports, and examples of their use
will be given.

* Presenting author.

VARIABILITY IN THE CONCENTRATION OF VOLATILE ORGANIC
COMPOUNDS DURING WELL PURGING

Beverly H. Herzog*
Illinois State Geological Survey
615 East Peabody Drive
Champaign, Illinois 61820

Ground-water-sampling
protocols recommend the purging
of wells prior to sampling because
the quality of water standing in
the casing is assumed to be
nonrepresentative of water within
surrounding geologic media. Two
procedures used to ensure that a
well has been purged sufficiently to
yield "representative” samples are
(1) evacuating an arbitrary number
of casing volumes (usually three for
wells that recover rapidly and one
for wells that recover slowly,
sampling occurs 24 hours after
purging); and (2) pumping the
well until field-measured values
of temperature, pH, specific
conductance and/or dissolved
oxygen in the purged water
stabilized.

Two studies examined the validity
of these procedures for the
measurement of concentrations of
volatile organic compounds
(VOCs) in ground-water samples.
In the first study, each of six rapidly
recovering observation wells
finished in sands and gravels was
found to require removal of a
unique, reproducible number of
casing volumes before VOC
concentrations stabilized. More
than three casing volumes were
required to stabilize 54 percent of
the VOC concentrations. The
medians of the casing volumes
required for stabilization of VOC
concentrations and field water-
quality measurements were 3.0 and
1.7, respectively. The two medians
were significantly different from
each other.
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Jacob Gibs and Thomas E. Imbrigiotta
U.S. Geological Survey
810 Bear Tavern Road
West Trenton, New Jersey 08628

In the second study, water
samples from 11 wells finished in
glacial tills were collected before
purging and at several time
intervals up to 40 hours after purg-
ing. Temperature, pH, and
specific conductance were
constant; however, concentrations
of VOCs changed dramatically
with time, primarily due to
volatilization losses. The optimal
sampling time was defined as the
time when VOC concentrations
were greatest. Concentrations of
VOCs were statistically higher
after purging than before. VOC
concentrations generally increased
during the first 6 hours of recovery
and then slowly decreased to the
concentration measured before
purging, but this variation was not

statistically significant.
*Presenting author.




THE EFFECTS OF LAND-MANAGEMENT PRACTICES ON SURFACE- AND
GROUND-WATER QUALITY IN RURAL NORTHEASTERN GUILFORD
_COUNTY, NORTH CAROLINA

An investigation to document the
effects of land-management
practices on water quality and soil
erosion was started in 1985 in
Guilford County, North Carolina.
The four basins selected for study
include a forested control basin
that represents background
conditions, a rural mixed land-use
basin currently under standard
land-management practices, and
two cultivated basins. One
cultivated basin is farmed under
best land-management practices;
the other is farmed under standard

Catherine L. Hill
U.S. Geological Survey
Post Office Box 2857
Raleigh, North Carolina 27602

land-management practices. The
cultivated basins are monitored for
selected water-quality constituents
in precipitation, runoff, and ground
water, Surface water from all four
basins and ground water and soil
from the two cultivated basins are
monitored for selected organic
compounds. Results indicate that
nitrate/nitrite concentrations in
surface-water storm runoff at the
control site average 0.12 milligrams
per liter. In contrast, average
nitrate/nitrite concentrations at the
cultivated basin under standard

land-management practice are
almost 7 times greater than average
concentrations at the control basin.
The same increase is seen
in suspended-sediment concen-
trations in surface-water storm
runoff. Concentrations average 400
milligrams per liter at the control
site but are 7 to 8 times greater in
the cultivated basin under best
land-management practices and
more than 30 times greater in the
cultivated basin under standard
land-management practices.

EXTENT OF PESTICIDE CONTAMINATION OF GROUND WATER IN THE

UNITED STATES

Patrick W. Holden
Ground-Water Section Head

Environmental Fate and Ground Water Branch

A recently developed EPA data
base of ground-water monitoring
studies performed throughout the
United States indicates that a
significant number of pesticides
associated with normal field
applications as well as "point
sources" have been detected in
ground water. Currently, EPA
estimates that 46 pesticides whose
origin is believed to be normal field
applications have occurred in the
ground water of 26 States;
additionally, 32 pesticides whose

Office of Pesticide Programs

U.S. Environmental Protection Agency

Washington, DC 20460

origin is believed to be "point
sources” have been detected in the
ground water of 12 States. [Note:
It is expected that these numbers
will increase prior to the November
symposium.]

Information will be presented on
the types of studies included in the
EPA data base, efforts made to
assess the data’s quality, the
frequency of detection and
concentration levels of those
pesticides found in ground water,
and the geographical extent of

contamination. Information will
be included on the environmental
fate characteristics of specific
pesticides to illustrate the relation-
ship between physical/chemical
properties of a given pesticide and
its potential to leach to ground
water,

A description of the types of
ground-water monitoring studies
required of agricultural chemical
companies by the EPA will be
discussed.




A COMPARISON OF RESULTS FROM FIXED-INTERVAL AND
STORM-BASED SAMPLING AT A CALIBRATED WATERSHED IN THE

GEORGIA PIEDMONT

Richard P. Hooper* and Norman E. Peters
U.S. Geological Survey
Water Resources Division
6481-B Peachtree Industrial Blvd.
Doraville, Georgia 30360

Estimates of solute mass export
from calibrated watersheds have
relied on fixed-interval sampling,
typically with samples taken once
per week. Recent advances in
instrumentation and microcom-
puter capabilities, however, have
made it feasible to sample
intensively during storms (i.e.,
every few minutes). Three years of
storm-based data, consisting of
more than 1,100 samples, have
been collected at Panola
Mountain, a 41-hectare catchment
25 kilometers southeast of Atlanta,
Georgia, to determine whether
storm-based sampling provides
additional insight into the
biogeochemical mechanisms
controlling  surface-water
chemistry. Concentrations of

major anions, cations, and silica
have been measured in all samples.

Estimates of mass flux calculated
from weekly samples are roughly
the same as those calculated from
the storm samples for solutes that
dilute with increasing discharge,
such as sodium and silica.
However, mass flux calculated
from weekly samples underes-
timates the transport of nitrate,
sulfate, and hydrogen ions.
Storm-based sampling better
characterizes the chemical nature
of runoff from the watershed
during high flow when a substantial
portion of the transport of these
acidic solutes occurs. These
observations are also indicative of
features required for the develop-
ment of predictive mechanistic
models, such as an accurate

James B. Shanley
U.S. Geological Survey
Water Resources Division
28 Lord Road
Marlborough, Massachusetts 01752

representation of flowpaths
through the catchment. Even on a
simpler statistical level, multiple
linear regression models
developed from this data set which
predict concentration from
discharge and other physical
variables have yielded unexpected
results. For example, the
six-month cumulative precipitation
is a necessary independent variable
for sodium. The need for such a
long accumulation period is
surprising for this small watershed.
This data set provides a basis for
the development of hydrochemical
models that will more fully capture
the chemical dynamics of these
systems than those typically used in

the past.
*Presenting author.

MODELING AQUATIC SEDIMENTASSOCIATED TRACE ELEMENT
CONCENTRATIONS USING SELECTED GEOCHEMICAL FACTORS

Arthur J. Horowitz*, Kent A. Elrick, and Richard P. Hooper

Multiple linear regression models
calculated from readily obtainable
chemical and physical parameters
can explain a high percentage (70
percent or greater) of observed
sediment-trace element variance
for copper, zinc, lead, chromium,
nickel, cobalt, arsenic, antimony,
selenium, and mercury in a widely
divergent suite of 61 sediment
samples. The independent

U.S. Geological Survey
Water Resources Division
6481-B Peachtree Industrial Blvd.
Doraville, Georgia 30360

variables used in the models may be
single parameters, principal
component scores, or principal
component scores combined with
their cross-products. The most
useful type of variable must be
determined on a case-by-case
basis.

The independent variables
(geochemical parameters)
incorporated in the models
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calculated during this study
probably are applicable to many
aquatic sediments; albeit, use of a
larger data set (more than 61)
could alter the magnitude of the
calculated coefficients. The
geochemical parameters included
in the models were of a physical
(for example, grain size, surface
area) and a chemical (for example,
organic matter, amorphous iron



oxides) nature. Comparison
between actual and predicted trace
element concentrations obtained
from the models may provide a

means of defining "average"
sediment-trace element concen-
trations. In this context, the models
may also help identify either

naturally or anthropogenically

impacted sites for additional study.
*Presenting author.

SEDIMENT-WATER INTERACTION DURING ARTIFICIAL RECHARGE
THROUGH AN ORGANIC MAT

As part of an artificial-recharge
feasibility test, surface water was
introduced into the carbonate
mineral-bearing sand and gravel
Oakes aquifer of southeastern
North Dakota by infiltration
through a recharge basin. The
basin was lined with a decomposing
organic mat to enhance sustainable
infiltration rates and to simulate
the effect of long-term basin
operation on ground-water quality.
Recharge water was systematically
modified by addition of microbial-
respiration products (H* and
CO,), dissolution of silica and
carbonate minerals, and cation
exchange reactions.

Mineral-stability calculations
using the inorganic speciation
model WATEQF showed

G. F. Huff
U.S. Geological Survey
P. O. Box 66492
Baton Rouge, Lonisiana 70896

oversaturation with respect to
calcite and dolomite in ground
water which had passed through
sediments beneath the recharge
basin. Oversaturation with respect
to calcite may have been caused by
CO2 outgassing from calcite-
saturated ground water during or
prior to sampling. Naturally-
occurring organic ligands, likely
available in abundance from the
decomposing organic mat, could
have stabilized the oversaturated
solutions following CO2
outgassing.

Oxidative degradation of the
organic mat during basin operation
was a potentially rich source of
water-soluble organic acids
including volatile fatty acids.
Volatile fatty acids have proton

donor capacities up to 350 times
that of carbonic acid. In addition,
volatile fatty acid anions form
highly-soluble complexes with
calcium and magnesium.
Dolomite dissolves into CO2-
charged water very slowly, even in
strongly undersaturated solutions.
Dissolution of dolomite, starting
after approximately 400 hours of
basin operation, strongly suggests
the action of a corrosive agent
absent in the subsurface until that
time. Generation of organic acids
during oxidative degradation of the
organic mat after approximately
400 hours of basin operation would
account for the dissolution of
dolomite.

HYDROGEOLOGIC CONTROLS ON THE DISTRIBUTION OF RADON-222
IN GROUND WATER OF WEST-CENTRAL NEVADA

Jennifer L. Hughes,* Michael S. Lico, and Alan H. Welch

Radon-222 (222Rn) activities in
ground-water samples from
aquifers in west-central Nevada
were interpreted to identify the
possible controls on the areal
distribution of **Rn. The **Rn
activities in 154 ground-water
samples ranged from less than 80 to
16,000 picoCuries per liter (pCi/L),

U.S. Geological Survey
Water Resources Division
Nevada District Office
Room 227, Federal Building
Carson City, Nevada 89701

and had a median activity of 870
pCi/L. The highest %*’Rn activities
are in ground water from alluvial-
fan deposits along the eastern
slopes of the Carson Range in
western Carson Valley (median,
760 pCi/L) and Eagle Valley
(median, 2,000 pCi/L), from
alluvial and colluvial deposits in the

eastern part of the adjacent Lake
Tahoe basin (median, 2,350 pCi/L),
and from the granitic bedrock of
the Carson Range (single sample,
14,000 pCi/L). The “Rn activities
decrease eastward from the Carson
Range to a median value of 622
pCi/L in the Carson Desert (about
50 miles east of the Carson Range).




Possible sources of high 2py
activities in ground water of
west-central Nevada include: (1)
Cretaceous granitic rocks of the
Carson Range that contain
uranium concentrations as high as
10 milligrams per kilogram

(mg/kg), and their 2Ssdimentary
derivatives, (2) high-“““Rn ground
water moving upward along a
major fault zone bounding the west
side of Carson and Eagle Valleys,
and (3) high concentrations of
uranium in organic-rich sediments

along the west side of Carson
Valley (up to 53 mg/kg), within the
Carson Range (up to 1,660 mg/kg),
and in stream valleys on the east
side of the Lake Tahoe basin (upto

2,500 mg/kg).

*Presenting author.

GROUND-WATER CHEMISTRY AT THE BUILDING 24 RESEARCH SITE
PICATINNY ARSENAL, NORTH-CENTRAL NEW JERSEY

Thomas E. Imbrigiotta* and Patrick J. Witkowski

The U.S. Geological Survey is
conducting an interdisciplinary
research study of ground-water
transport of chlorinated solvents
and other contaminants at
Picatinny Arsenal in north-central
New Jersey. A variety of chemicals
including trichloroethylene,
chromium, copper, cadmium, zinc,
cyanides, and sulfuric acid were
used in a metal degreasing/plating
operation in Building 24. Waste-
disposal practices associated with
this operation have contaminated
ground water primarily within a
50-foot thick unconfined sand and
gravel aquifer in a zone that
extends 1,650 feet downgradient
from Building 24 to Green Pond

U.S. Geological Survey
810 Bear Tavern Road, Suite 206
West Trenton, New Jersey 08628

Brook, a point of ground-water
discharge.

The areal and vertical
distributions of trichloroethylene
and sulfate in the unconfined
aquifer are similar, suggesting that
organic and inorganic compounds
have sourcesin the Building 24 area
and that both tend to be
transported along similar flow
paths to Green Pond Brook. The
plume of contaminated water starts
at the water table near the source.
Because of density differences, the
depth of the plume increases with
increasing distance downgradient
from the source. The plume then
moves upward where it discharges
to Green Pond Brook.

Chemical characterization of the
contaminated ground water has
shown that (1) biodegradation of
chlorinated solvents is occurring
downgradient from Building 24, as
evidenced by methane production
and the presence of cis-1,2-dichlo-
roethylene and vinyl chloride,
which are breakdown products of
trichloroethylene; (2) dissolved-
organic-carbon concentrations
greater than 10 milligrams per liter
are present only within 500 feet of
the source and are not derived from
priority-pollutant organic com-
pounds; and (3) detectable trace-
metal and cyanide concentrations
are present as far as 500 feet and
900 feet downgradient from the
source, respectively.

*Presenting author.

CHEMICAL CONTAMINANTS IN THE ENVIRONMENT: ROLE OF THE
FISH AND WILDLIFE SERVICE'S ENVIRONMENTAL CONTAMINANTS
FIELD OPERATIONS PROGRAM

The Fish and Wildlife Service’s
environmental contaminants field
operations program was
established in the early 1980’s to

Gerry Jackson
U.S. Fish and Wildlife Service

Division of Environmental Contaminants

Mail Stop 330, Arlington Square
Washington, DC 20240

ascertain the extent and magnitude
of toxic chemicals in the
environment and to assess their
impact on fish, wildlife and their
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habitat. The primary goals of this
program are to effect remediation
of existing contaminant problems,
obtain mitigation for natural



resource damages and help
prevent future impacts to fish and
wildlife. Particular emphasis is
directed towards contaminant
problems affecting the Service’s
trust resources, such as migratory
birds, endangered species and
anadromous fish, as well as
problems threatening the more
than 450 National Wildlife Refuges
that encompass approximately 90
million acres of land. This goal is

being accomplished with a cadre of
field contaminants specialists
located in 51 field offices, seven
regional offices and a central office
in Washington, D.C. Through the
use of state-of-the-art bioassess-
ment tools, in conjunction with
chemical residue determination,
environmental contaminants
specialists conduct baseline and
comprehensive field investigations.
Additionally, Service contaminants

specialists consult informally and
formally through various legal
authorities, such as the Migratory
Bird Treaty Act, Endangered
Species Act, National Environ-
mental Policy Act, and the Clean
Water Act among others, with
other Federal and State agencies
and the private sector to eliminate,
or at least minimize, the impacts of
contaminants on the environment.

THE ANAEROBIC BIOREMEDIATION OF TCE CONTAMINATED
AQUIFERS: A FEASIBILITY STUDY

Peter R. Jaffe’*, Stewart W. Taylor, and Naresh Singhal
Department of Civil Engineering and Operations Research

Bioremediation of contaminated
aquifers is usually applied when the
contaminants are a growth
substrate. In these cases, limiting
nutrients and oxygen are injected
into the aquifer through recharge
wells to enhance biodegradation of
these pollutants. Agquifers
contaminated with poliutants that
arc not growth substrates, but that
can be degraded co-metabolically,
also require the injection a growth
substrate. A problem here is that
bacteria will degrade the substrate
consuming the oxygen in the
vicinity of the well, making it
difficult to bring all required com-
ponents in contact with the
pollutant throughout the
contaminated region.

Princeton University
Princeton, New Jersey 08544

To circumvent this problem, an
anaerobic process is investigated.
Experimental results showed that
TCE and its intermediates can be
degraded under methanogenic
conditions, and that the rate is a
function of the methanogenic
activity. Simulations based on
these results show that TCE
contaminated aquifers could be
bioremediated if the methanogenic
activity is increased through the
supplementation of a growth sub-
strate. As opposed to the aerobic
scenario where biological activity is
limited by the quantity of oxygen
injected, no such limitation exists
for the anaerobic scenario. A
consideration in determining what
level of methanogenic activity can

be achieved is the reduction in the
aquifer permeability due to the
accumulation of biomass and
methane gas.

Changes in permeability as a
function of the biomass
accumulation and the methane
saturation are simulated using a
modification of the Mualem
permeability model, which has
been verified experimentally.

Combining the results of the TCE
degradation experiments, and the
permeability model, simulations
are conducted toillustrate the TCE
biodegradation for different

methanogenic levels, and
the correspondent reduction in
permeability.

*Presenting author.

A FLOW MODEL BASED ON THE DIFFUSION ANALOGY

Harvey E. Jobson
U.S. Geological Survey
Water Resources Division

Office of Surface Water, 415 National Center

A computer model for routing
streamflow through a system of
channels using the diffusion

Reston, Virginia 22092

analogy in conjunction with a
Lagrangian solution scheme is
presented. The model is designed
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to provide predictions of hydraulic
properties using a minimum of field
data and calibration. One-




dimensional flow theory,
algorithms used in the model, and
two example applications of the
model are presented. The model
outputs time-step-averaged values
of discharge at grid points and
instantaneous reach-averaged
values of cross-sectional area and
top width. These values can then
be used as input to a trans-
port model for a system of
one-dimensional channels. In

combination with a transport
model, the flow model functions as
the basis for routing a large variety
of water-quality constituents
through stream systems. The
model cannot be used where flow
reversals occur and is most
accurate for upland streams where
backwater conditions are minimal.
The model requires the input of
three coefficients for each
subreach that have the form of

hydraulic geometry coefficients.
These values have been found to be
fairly predictable and consistent
for streams throughout the
country. Appendixes discuss
programs for constructing input
files, determining input coeffi-
cients, and interfacing of the model
with a Branched Lagrangian
Transport model.

CONTAMINATION OF GROUND AND SURFACE WATER BY
AGRICULTURAL CHEMICALS, BIG SPRING BASIN, CLAYTON COUNTY,

IOWA

The quality of ground and surface
water was monitored in Big Spring
ground-water basin from March to
December 1988. Water quality in
the 103-square-mile karstic basin is
affected by agricultural chemicals.
Samples were collected at Big
Spring, the site of nearly all ground-
water discharge, and at Roberts
Creek, the primary surface-water
drainage in the basin. Seasonal
variations of nitrate concentrations
in Big Spring and Roberts Creek
were similar; generally largest in
the late spring and early summer

Stephen J. Kalkhoff
U.S. Geological Survey
Rm 269, Federal Building
400 South Clinton Street
Iowa City, Iowa 52244

and then declining in late summer
and fall. Nitrate (as nitrogen)
concentrations varied less in Big
Spring (7.1 to 11 milligrams per
liter) than in Roberts Creek (0.2 to
15 milligrams per liter). The
number and concentration of
herbicides detected were larger in
Roberts Creek than in Big Spring.
Atrazine was detected in all
samples from Roberts Creek and in
eight of ten samples from Big
Spring. Atrazine was the only
pesticide detected in Big Spring,
but three additional herbicides,

cyanazine, alachlor, and
metolachlor, were detected in
Roberts Creek. The largest
number and concentrations of
herbicides in Roberts Creck were
found in a sample in early October,
2 weeks after the largest rainfall of
the year. Four herbicides, atrazine,
cyanazine, alachlor, and
metolachlor, were detected in this
sample in concentrations ranging
from 0.26 to 2.9 micrograms per
liter. This observation indicates
that even after 4 months of drought,
herbicides were still present.

A LONG-TERM PRECIPITATION MONITORING PROGRAM FOR THE

UNITED STATES

The National Trends Network
(NTN) for monitoring precip-
itation chemistry in the United

F. Paul Kapinos
U.S. Geological Survey
Water Resources Division
Office of Atmospheric
Deposition Analysis
12201 Sunrise Valley Drive
Reston, Virginia 22092

States was developed under the
sponsorship of the U.S. Geological
Survey, as lead agency for deposi-
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tion monitoring under the National
Acid Precipitation Assessment
Program. The operation and



funding support for the NTN are
currently a multiagency
Federal/State/private-sector
effort. The Geological Survey has
proposed to assume responsibility
for managing and funding the
program beginning in FY 1991.
The NTN consists of 150-stations
located predominantly in rural
areas, but in combination with the
National Atmospheric Deposition
Program (NADP), includes more
than 200 sites nationwide. The
weekly-collected samples are
analyzed at a central laboratory for
pH, specific conductance, and the

major anions and cations. External
quality assurance is provided by the
Geological Survey’s Branch of
Quality Assurance. Internal
quality assurance is provided at
both the laboratory and the NTN
Coordinator’s Office at Colorado
State University. The data are
stored at the Battelle Northwest
National Laboratory.

Data summaries produced
annually by the Coordinator’s
Office include annual average
isopleth maps for all major
constituents. Comparisons of
annual isopleth maps suggest no

striking changes in the pH of
precipitation or in the concentra-
tions or deposition of sulfate or
nitrate over the past 8 years.

The Geological Survey proposed
network for FY 1991 would consist
of about 175 stations--the present
150-site NTN plus 25 selected sites
currently operated by other
Federal agencies and the States.
Plans provide for continued multi-
agency participation; however,
Geological Survey Offices will be
called on to provide additional
support for the network.

AQUEOUS GEOCHEMISTRY OF THE SAND-AND-GRAVEL AQUIFER AND

THE FLORIDAN AQUIFER SYSTEM, FLORIDA

Brian G. Katz*, Anne F. Choquette, and Ruth M. Roaza

The aqueous geochemistry of the
sand-and-gravel aquifer and the
Floridan aquifer system was
characterized as part of the
Ambient Ground Water
Monitoring Program in Florida, a
multi-agency cooperative study
delineating background water
quality for the major aquifer
systems throughout the State. The
sand-and-gravel aquifer, the
principal source of water in
northwestern Florida, consists
predominantly of quartz sand with
smaller amounts of andesine,
chlorite, calcite, kaolinite, and
illite. Water from 39 wells tapping
the aquifer characteristicallywas of
nondistinct water type with a
median dissolved solids concentra-

U.S. Geological Survey

227 North Bronough Street, Suite 3015

Tallahassee, Florida 32301

tion of 73 milligrams per liter.
Based on statistical comparisons,
the chemistry of the water does not
change significantly (0.05 level) as
it moves vertically and laterally
through the aquifer. Mass-balance
modeling suggests that the
background chemistry of water in
the aquifer is controlled primarily
by the incongruent solution of
andesine and muscovite to form
kaolinite, with a much smaller
contribution from the solution of
calcite and chlorite.

The Floridan aquifer system, a
thick sequence of hydraulically
connected limestone and dolomite
beds, provides 460 million gallons
per day of freshwater for public
supply throughout the State. The

major-ion chemistry of water from
1,075 wells tapping the aquifer
system changes spatially as the
water moves along extensive flow
paths. The system is dominated by
several distinct hydrochemical
facies, two of which are calcium-
bicarbonate and calcium/-
magnesium-bicarbonate due
primarily to the dissolution of
calcite and dolomite, respectively.
In areas near the freshwater-
saltwater interface, sodium-
chloride is the predominant facies
resulting from the mixing of
freshwater with recent or residual

seawater.
*Presenting author.




STABLE CARBON-ISOTOPE RATIOS AS TRACERS OF SOURCES OF
ALKALINITY IN SMALL WATERSHEDS

Stable carbon-isotope ratios have
become a popular tool in ground-
water geochemistry studies
because they provide an additional
constraint on geochemical mass-
balance models. Under favorable
circumstances, carbon isotopes
may be used in surface-water
geochemistry studies for a similar
purpose. In small watersheds, the
delta C-13 value of stream
bicarbonate can be used for the
semi-quantitative determination of
the temporal and spatial variations
in the relative contributions of
several biogeochemical reactions
that produce bicarbonate. The

Carol Kendall
U.S. Geological Survey
National Research Program, NR
431 National Center
Reston, Virginia 22092

method requires that the delta
C-13 values of all potential sources
and sinks of carbon in the water-
shed be known, and that biological
uptake and atmospheric isotopic
exchange be minimal.

The carbon-isotopic composition
of stream bicarbonate was
measured over 2 years at two
creeks at Catoctin Mountain,
Maryland. The bicarbonate
content and its delta C-13 value
showed strong seasonal variation in
both watersheds caused by
seasonal variations in the
contributions of carbon from
calcite and soil carbon dioxide. A

carbon mass-balance model was
used to calculate that about 90
percent of the bicarbonate in
winter is derived from calcite.
About 50 to 90 percent of this
calcite dissolution is due to attack
of strong acids, with the remainder
from carbonic-acid weathering of
calcite. During the summer, about
60 percent of the bicarbonate is
derived from carbonic acid.
Seasonal and temporal variations
in alkalinity and delta C-13 value
are caused primarily by variations
in soil biological activity.

DETECTION OF COLLOIDS BY ULTRAFILTRATION DOWNSTREAM
FROM ACID MINE DRAINAGE, UPPER ARKANSAS RIVER, COLORADO

Briant A. Kimball* and Gregory A. Wetherbee
U.S. Geological Survey
Colorado District
MSS. 415, Denver Federal Center
Denver, Colorado 80225

Metal-rich, acidic water drains
from mines and tailings piles in the
Leadville, Colo., area and mixes
with near neutral pH water in the
Arkansas River. The change in pH
results in the formation of colloidal
iron oxyhydroxides that are
transported downstream, mostly in
suspension. To determine the
extent of colloidal transport,
samples were collected at gages in

Ellen Axtman
U.S. Geological Survey, WRD
Western Region, NRP
M.S. 465, 345 Middlefield Road
Menlo Park, California 94025

a250-kilometer reach downstream.
Ultrafiltration, using a 100,000
molecular-weight nominal
pore-size membrane, and standard
filtration, using a 0.45-micrometer
pore-size membrane, indicated
large differences in iron concen-
trations between filtrates. Iron
concentrations in the 0.45-
micrometer filtrate generally were
10 times greater than in the
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ultrafiltrate at each site. The
difference was even greater in the
sample just downstream from
California Gulch where colloids
are chemically and visibly evident.
Filterable concentrations of
cadimum, copper, manganese, and
zinc were less than analytical
detection limits in most of the
Arkansas River samples, but unfil-
tered concentrations indicated that




metals are present in association
with the colloids. The ratios of cad-
mium, manganese, and zinc to iron
were 10 times greater in samples of
colloids from the Arkansas River
than in those from California
Gulch. Most metal transport in the
Arkansas River occurs during

snowmelt runoff, when colloidal
material is flushed from channel
storage. Because colloids can pass
through the 0.45-micrometer fil-
ters, colloid associated metal con-
centrations are often reported as
dissolved metal concentrations.
Ultrafiltration of samples from

metal-rich streams, prepares
filtrates that more accurately
measure the truly dissolved metal
concentrations that are needed for

chemical equilibrium calculations.
*Presenting author.

TESTING SAMPLING DESIGN METHODS USING THE CAPE COD,
MASSACHUSETTS TRACER TEST DATA AND ONE-DIMENSIONAL

TRANSPORT MODELS

Debra S. Knopman* and Clifford 1. Voss
U.S. Geological Survey
410 National Center
Reston, Virginia 22092

Sampling design methods to
determine location of observation
wells and sampling frequency for
the objectives of model discrimina-
tion, parameter estimation, and
cost minimization were tested on
bromide measurements collected
at the Cape Cod, Massachusetts
tracer test site between July 1985
and December 1986. The goal of
model discrimination is to identify
models that fit the observations
well and accurately predict future
observations. The goal of
parameter estimation is to estimate
model parameters with low bias
and variance and hence minimal
uncertainty.

Testing of the design methodol-
ogy was performed on one-dimen-
sional forms of the advection-dis-
persion equation. Four one-
dimensional transport models were
hypothesized and two error forms
were assumed for each of the

models. By using nonlinear regres-
sion, eight models were fitted to
data sets varying in their number of
observations and method of well
selection. To carry out the one-
dimensional analysis, the dense
three-dimensional set of measure-
ments was aggregated by vertically
averaging observations at each
well. From this array, a one-dimen-
sional set of "observations" was
formed by choosing in each sam-
pling period the maximum verti-
cally-averaged concentration
within each row of wells perpen-
dicular to flow.

In terms of the objective of model
discrimination, results show that
the sampling design methodology
identified sparse designs (less than
50 points in time and space) that
perform as well as dense designs
that use all available vertically-
averaged "observations" (521
points). Conversely, the same

Stephen P. Garabedian
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models best fit the observations in
the sparse designs as did those
using the full observation set. In
addition, splitting the data sets into
two time periods allowed for test-
ing of the predictive accuracy of
models. The sparse designs
produced the same ordering of
models in terms of their predictive
power as did the full set of observa-
tions. These same sparse designs
were also more effective in dis-
crimination than arbitrarily chosen
designs with the same number of
points. Observation sets specifi-
cally designed for the objective of
parameter estimation were effec-
tive in producing estimates of
parameters with lower variance
than arbitrarily chosen designs with
the same number of observation

points,
*Presenting author.




INDICATORS OF PESTICIDES IN SHALLOW AQUIFERS IN IOWA

Variables representing geologic,
hydrologic, water-chemistry, soil,
and well-construction factors were
examined to determine the
principal indicators of pesticide
occurrence in shallow (within 61
meters of land surface) aquifers in
Iowa. Linear and logistic
regression were used to analyze
data compiled from 373 municipal
wells. In the initial model, the most
statistically significant indicator of
pesticide occurrence was the thick-
ness of unconsolidated material
(drift) overlying an aquifer. More

Dana W. Kolpin* and Michael R. Burkart

U.S. Geological Survey
Water Resources Division
400 South Clinton
Iowa City, Iowa 52244

accurate estimates of occurrence
were possible when the data were
divided into two groups on the basis
of the thickness of unconsolidated
material overlying the aquifer.
Two new predictive models, the
thin-drift model (less than 12
meters of drift) and thick-drift
model (greater than 12 meters of
drift), were generated. The larger
number of factors (15) required to
define the thick-drift model, more
than twice that required by the
thin-drift model, indicates that
accurately predicting pesticide

occurrence in more deeply buried
aquifers may require under-
standing of more numerous or
complex processes. Nitrate
concentration in ground water is a
factor which, by itself, can be used
to estimate the occurrence of
pesticides for an aquifer with thin
overlying drift. No single indicator
was able to predict the occurrence
of pesticides in aquifers with thick
overlying drift.

*Presenting author.

EVALUATING NONPOINT-SOURCE CONTAMINANTS IN THE
CONESTOGA HEADWATERS, PENNSYLVANIA

The Conestoga Headwaters
Rural Clean Water Project was
designed to define nonpoint-
source contaminants in an
agricultural area in the headwaters
of the Conestoga River,
Pennsylvania and to evaluate
changes in surface- and ground-
water quality resulting from the
voluntary implementation of
agricultural best management
practices in the area. The study
area consisted of a regional water-
quality sampling network (188
square miles), a small watershed
(5.8 square miles), and two field-
sites (23 and 48 acres). The study
evaluated the effects of nutrient
management, manure storage,
and terracing on nutrient,

Kevin M. Kostelnik
U.S. Geological Survey
Water Resources Division
P.O. Box 1107
Harrisburg, Pennsylvania 17108

suspended-sediment, and
pesticide concentrations and loads,

Ground water from domestic
wells in agricultural areas
underlain by carbonate rock was
found to be more susceptible to
contamination than ground water
from nonagricultural, noncar-
bonate areas. Pesticides were most
prevalent in water samples from
these wells, and nitrate
concentrations typically exceeded
U.S. Environmental Protection
Agency maximum contaminant
levels for drinking water. Median
concentrations of total nitrogen
increased from 3.2 t09.1 milligrams
per liter within a 1-mile reach asthe
stream flowed from a forested
noncarbonate terrain into an
agricultural valley underlain by
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carbonates. A paired-watershed
trend analysis indicated that
surface-water quality appears to
have improved as the result of
nutrient management implementa-
tion, but that improvement may not
be significant for several years
because of elevated nitrate
concentrations in the soil. One
field-site study has shown that
terracing decreased erosion and
sediment concentrations in surface
runoff but caused an increase in
dissolved-nitrate concentrations in
both ground water and surface
runoff following terrace
installation. This increase may
result from an increase in contact
time with the nutrient-rich surface
and soils.



RADIUM IN THE LOWER MISSISSIPPI RIVER

Radium (Ra) is present in surface
waters as a result of natural
weathering processes and human
activities. AtTaft,La.,radium-rich
waste from phosphate fertilizer
production was discharged directly
into the Mississippi River, resulting
in a point-source addition of
%Rl erable radium with a

a-activity ratio sig-
nificantly different from that of the
river water. By observing the

T. F. Kraemer
U.S. Geological Survey
431 National Center
Reston, Virginia 22092

mixing of the waste with the
river-water/suspended-sediment
system, the chemistry of radium in
riverine environments can be
understood. On the basis of this
study, it is estimated that the flux of
radium from the Mississippi Riv 1
to the Gulf of Mexico is 0.98x10™

dpm/yr (disintegrations per minute
per year) thhout the fertilizer
waste and 2.44x10™ dpm/yr when
the river is receiving the waste. The

flux is 45 percent in the dissolved
state and 55 percent in the
absorbed state on suspended
sediment. Chemical and isotopic
reequilibration of the river is
achieved within 3 hours (and 13
kilometers) after the waste addi-
tion. The water and sediment of
the river below the waste-disposal
site retain the new radium isotopic
signature at least to Venice, La.

WATER QUALITY INVESTIGATIONS IN THE US. VIRGIN ISLANDS

In the U.S. Virgin Islands,
cisterns are commonly used to
store water for domestic consump-
tion. The water collected in the
cisterns could be from various
sources such as rooftop runoff,
ground water and desalinated
water.

Several studies have been con-
ducted during the past few years to
investigate the water quality in the
Virgin Islands. The studies
indicate that generally, the water is
acceptable in terms of chemical
constituents but does not meet
bacteriological standards as set

J. Hari Krishna* and Robert H. Ruskin

Water Resources Research Center
University of the Virgin Islands
St. Thomas, Virgin Islands 00802

forth in the U.S.E.P.A. Safe
Drinking Water Act. Since most
private cisterns serve less than 25
people they are exempt from the
mandates of the Safe Drinking
Water Act, yet they could be
contaminated and cause serious
water-borne infections.

In a study of 20 private residential
cisterns, it was found that if only
overall averages were considered,
not one of them would have met the
Safe Drinking Water standard of
=1 total coliform/100 mL, and only
four of the 20 would have met this

standard at least 50 percent of the
time.

In another water quality study, ten
cisterns were evaluated at five
public housing projects. The
results showed that only half the
samples collected over a 10-month
period were in compliance with the
mandates of the Safe Drinking
Water Act. Proper cistern main-
tenance coupled with adequate
chlorination is essential in main-
taining the water quality for domes-

tic use in the Virgin Islands.
*Presenting author.




MODIFICATION OF THE QUAL2E WATER-QUALITY MODEL FOR
APPLICATION TO SMALL FOOTHILL STREAMS NEAR PIKES PEAK,

COLORADO

Modifications to the U.S.
Environmental Protection
Agency’s QUAL2E water-quality
model were made during calibra-
tion and verification of the model
for Fountain and Monument
Crecks, which flow along the Front
Range near Pikes Peak, Colorado.
The following modifications were
most notable: (1) The capability to
use a different computational-
element length for each subreach
was added; this enabled more
precise positioning of the
numerous tributaries, diversions,
and point sources, while keeping
the total number of computational
elements reasonable. (2) Use of

Gerhard Kuhn
U.S. Geological Survey
503 N. Main, #207-W
Pueblo, Colorado 81003

the model indicated that simulated
temperature was not sensitive to
the dust-attenuation coefficient or
the fraction of cloud cover, which
were varied by subreach;
consequently, the model was
modified to enable variation of the
evaporation coefficients by
subreach, to which simulated
temperature was sensitive. (3) A
subroutine was added to compute
an estimated un-ionized ammonia-
nitrogen concentration based on
model-computed temperature,
dissolved-solids concentration,
and total ammonia-nitrogen
concentration and subreach pH
values specified in the model input.

(4) The capability to output line-
printer plots of the constituents
being modeled also was added to
the model; originally, only
biochemical-oxygen demand and
dissolved oxygen were output, both
on a single line-printer plot. This
last modification was beneficial in
model calibration and verification
for Fountain and Monument
Creeks and would be useful in
computer systems that lack
graphics capabilities. These and
other modifications improved the
operational flexibility of the
QUALZ2E model, while maintain-
ing all the original computational
methods.

HYDROLOGIC AND GEOLOGIC FACTORS AFFECTING THE SHAPE OF
A SEWAGE PLUME ON CAPE COD, MASSACHUSETTS

Disposal of treated sewage to a
sand and gravel aquifer on Cape
Cod, Massachusetts, since 1936 has
formed a plume of contaminated
ground water that is 600 to 900
meters wide, 23 meters thick, and
more than 4 kilometers long. The
plume, which contains elevated
levels of nitrate, boron, detergents,
and other contaminants present in
the treated sewage, is overlain by 6
to 15 meters of uncontaminated
ground water.

Because transport of solutes in
the plume is dominated by advec-
tion, the longitudinal axis of the
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plume is alined in the direction of
ground-water flow as inferred from
the water-table gradient.
Transverse mixing by dispersion is
limited, particularly in the vertical
direction, so the boundaries of the
plume are sharp, and steep
concentration gradients are
present within the contaminated
zone. Because of the limited
vertical mixing, areal recharge
from precipitation forms the zone
of uncontaminated ground water
above the plume. The upper part
of the plume along its eastern side
discharges to a pond located 500

49

meters from the disposal site; as a
result, the contaminated zone has
an asymmetric cross section south
of the pond. Near its toe, part of
the plume enters finer grained, less
permeable sediments that underlie
the sand and gravel; the difference
in permeability causes the
contaminants to move at different
rates in the two lithologic units.
These observations indicate that
limited vertical mixing and
hydrologic and geologic controls
on advective transport are the main
factors affecting the shape of the
sewage plume.



DETERMINATION OF THE EXTENT OF GASOLINE CONTAMINATION
OF A SHALLOW SAND AQUIFER USING SOIL GAS ANALYSES FOR
VOLATILE ORGANIC COMPOUNDS IN JACKSON, TENNESSEE

Soil gas analyses of the
unsaturated zone provided a rapid
and low cost approach to determin-
ing the extent of gasoline
contamination of a shallow water-
table aquifer. An underground
tank in Jackson, Tennessee leaked
about 8,000 gallons of unleaded
gasoline from 1980 to 1988. The
gasoline leaked to the water table
about 4 feet below land surface. A
survey of soil gas using a gas
chromatograph equipped with a
photoionization detector showed
concentrations of volatile organic
compounds greater than 10,000
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parts per million near the leak. The
contaminant plume was about 240
feet long and 110 feet wide extend-
ing west from the point source.
Two "fingerprints" of volatile
organic compounds were observed
in the chromatograms. Benzene,
toluene, and xylenes were present
from the unleaded fuel in addition
to other volatile compounds in the
area near the gasoline leak. Just
north of the leak, volatile organic
compounds containing no
benzene, toluene, or xylenes were
observed in soil gas samples.
Mapping of total concentrations of

volatile organic compounds in the
unsaturated zone indicated that a
second plume about 200 feet long
and 90 feet wide, also extending to
the west, was present about 100 feet
north of the gasoline leak. Previous
activities on this site during the
1950’s or earlier, such as handling
of solvents used at the nearby
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