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FOREWORD

The mission of the U.S. Geological Survey » Improve understanding of the primary natural and
(USGS) is to assess the gtipnand quality of the earth human factors that affect water-quality conditions.
resources of the Nation andgmovide information that
will assist resource managers and policymakers at Feghis information will helpsupport the development

eral, State, and local levels in making sound decisionsand evaluation of management, regulatory, and moni
Assessment of water-qualityrditions and trends is an toring decisions by other Federal, State, and local-agen

important part of this overall mission. .
cies to protect, use, and enhance water resources.
One of the greatest challenges faced by water- .
The goals of the NAWQA Program are being

resources scientists isqdring reliable information ) } ) Y
that will guide the use and protection of the Nation’s @chieved through ongoing and proposed investigations

water resources. That chailge is being addressed by ©Of 59 of the Nation’s most important river basins and
Federal, State, interstate, and local water-resource aquifer systems, which are referred to as study units.
agencies and by mangademic instittions. These These study units are distributed throughout the Nation
organizations are colleaty water-quality data for a and cover a diversity of hydrogeologic settings. More
host of purposes that incle compliancevith permits  than two-thirds of the Nin’s freshwater use occurs
and water-supply standards; development of remediawithin the 59 study units @hmore than two-thirds of

tion plans for specific contamination problems; operathe people served by publicater-supply systems live
tional decisions on industrial, wastewater, or water- uithin their boundaries.

supply facilities; and research on factors that affect
water quality. An additiorlaneed for water-quality

information is to provide basis on which regional and h q . . fth
national-level policy decisions can be based. Wise the study areas, Is a majmmponent of the program.

decisions must be based on sound information. As a 1his effort focuses on seited water-quality topics
society we need to know whether certain types of ~ using nationally consisteniformation. Comparative
water-quality problems are isolated or ubiquitous,  studies will explain differences and similarities in
whether there are significadifferences in conditions observed water-quality conditions among study units
among regions, whetheraltonditions are changing  and will identify changes and trends and their causes.
over time, and why these conditions change from plac&he first topics addressed by the national synthesis are
to place and over time. The information can be used t@esticides, nutrients, vdlke organic conpounds, and
help determine the efficaqy existing water-quality  aquatic biology. Discussions on these and other water-
policies and to help analysistermine the need for and  qajity topics will be publised in periodic summaries
likely consequences of new policies. of the quality of the Nation’s ground and surface water
To address these neetig U.S. Congress appro  4q the information becomes available.
priated funds in 1986 for hUSGS to begin a pilot pro . : .
This report is an element of the comprehensive

gram in seven project areas to develop and refine the . .
National Water-Quality Asessment (NAWQA) Pro body of information developed as part of the NAWQA

gram. In 1991, the USGS gen full implementation of Program: The program de.pends heavily on the advice,
the program. The NAWQA Program builds upon an  ¢ooperation, and information from many Federal,
existing base of water-qualistudies of the USGS, as State, interstate, tribal, and local agencies and the pub
well as those of other Federal, State, and local agencidé:. The assistance and suggestions of all are greatly
The objectives of the NAWQA Program are: appreciated.
» Describe current water-quality conditions for a large

part of the Nation’s freskater streams, rivers, and

aquifers. Robert M. Hirsch
» Describe how water quality is changing over time. Chief Hydrologist

National synthesis of data analysis, based on
aggregation of comparabigformation obtained from

Foreword 1
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CONVERSION FACTORS AND ABBREVIATIONS

Multiply By To Obtain

Length

inch (in.) 25.4 millimeter

inch (in.) 2.54  centimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
Area
square mile (rr%) 2.590 square kilometer
Volume

gallon (gal) 3.785 liter
gallon (gal) 3,785 milliliter

Temperature, in degrees CelsiC), can be converted to degrees

Fahrenhei{°F) by use of the following equatiofF=1.8¢C) + 32.

Abbreviated water-quality units: Chemical concentrations and tem
perature for water samples are givie metric units. Chemical concen
tration is given in milligrams péiter (mg/L) or micrograms per liter
(ng/L). Milligrams per liter is a unit expressing the concentration of
chemical constituents in solution aight (milligrams) of solute per
unit volume (liter) of water. One thousand micrograms per liter
(1,000ug/L) is equivalent to 1 mg/L. Chdoal concentrations for fish-
tissue and bed-sediment samples are also given in metric units.-Chemi

cal concentrations are givém micrograms per gramu@/g) or micre

grams per kilogramp@/kg). Micrograms per gram is a unit expressing
the concentration of chemical consgitu as weight (micrograms) of sol
ute per unit mass (grams). One microgram per one thousand grams

(1 ng/1,000 g) is equivalent toydg/kg.

Other abbreviationsused in thisreport:

EIWA
MDL
MRL
NAWQA
NWQL
UHL
USGS
cm

g

L

um

mL
mm

Eastern lowa Basins

Method detection limit

Method reporting limit

National Water-Quality Assessment Program
U.S. Geological Survey Nianal Water-Quality Laboratory
University of lowa Hygienic Laboratory

U.S. Geological Survey

centimeter

gram

liter

micrometer

milliliter

millimeter
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Water-Quality Assessment of the Eastern lowa Basins:
Hydrologic and Biologic Data, September 1995 Through
September 1996

By Kimberlee K. B. Akers, Douglas J. Schnoebelen, Mark E. Savoca, Linda R. Roberts, and Kent D.
Becher

Abstract INTRODUCTION

The U.S. Geological Survey began data-col In 1991, the U.S. Geogical Survey (USGS),
lection activities in th&astern lowa Basins study Department of the Interior, began the National Water-
unit of the National Water-Quality Assessment Quality Assessment (NAWQA) Program. The long-

. . term goals of this program are to describe the status of
Program in September 1®With the purpose of 4 trends in the quality eflarge, representative part

determining the status atrgnds in water quality. of the Nation’s surface- and ground-water resources
Surface-water data were collected, beginning in and to identify the major fasts that affect the quality

March 1996, on a monthly basis with occasional of the resources. In addressing these goals, the pro
extra high- and low-flow samples. Data collected 9ram provides water-qualiipformation that can be
from 12 sites on riverand streams in the study useful to policymakers and managers at the national,

.. .. . State, and local levels. Studies of 59 hydrologie sys
unit included determinatiorsf the physical prop tems (see cover design), ramgin size from 1,200 to

erties and concentratioo§ nutrientsmajor ions, 62,000 m#, include parts of most major river basins
organic carbon, trace elemts, suspended sedi  and aquifer systems (studwit investigations) and
ment, and dissolved pestles. Data collected at represent from 60 to 70 percent of the Nation's water
four additional sites inalded physical parameters US€ and population serveg public water supplies.

and determination of éhconcentration of dis The Eastern lowa Basins (EIWA) study unit was

. .\ . selected as a important hydrologic system representa
splve_d pesticides. Iraalition, bed-sedlment_and tive of an agricultural area in the Midwest.
fish-tissue samples were collected at 16 sites and

analyzed for trace elements and hydrophobie pes
ticides. There were twground-water studies con Purpose and Scope
ducted in June and July 1996. The first looked at This report presents thresults of data-collection

the quality of ground water in the Silurian-Devo activities in the Eastern lowa Basins NAWQA study

nian and Upper Carbonagejuifers and sampled  ynjt. These data were collected from September 1995
33 wells once, and the second examined the  through September 1996 and include the results of the
effects of agriculturen shallow ground water of analysis of water samples from 16 surface-water sites
the lowa River alluvial aquifer and sampled and'56 groundfwat'er wells and the analysis of bed-
23wells once. Ground-water samples were-ana sediment and fish-tissuersples from 16 sites. Sur

. . . : face- and ground-water samples were analyzed for
!yzed for phy8|cal progrties, nutrients, major physical properties, nutriesitmajor ions, organic car
ions, organic carbon, trace elements, dissolved pon, trace elements, and dissolved pesticides. In

pesticides, and volatile organic compounds. addition,surface-water sample analyses included-sedi

Introduction 1



ment concentration, and ground-water sample analy IMPLEMENTATION OF WATER-QUALITY
ses included volatile organic compounds (VOC's),  STUDIES
radon-222, and tritium. Beskdiment and fish tissue
were analyzed for trace elements and pesticides.
Surface-Water-Quality Data Collection

Description of the Eastern lowa Basins Sampling Sites
The EIWA study unit covers about 19,50C%rimi Thedesign of the surface-water-quality sampling
eastern lowa and southern Minnesota and includes therogram involved the seleoti of sites to increase the
Wapsipinicon, Cedar, lowa, and Skunk River Basins understanding of seasonal and spatial variability of
(fig. 1). These four major rivers generally flow ina  physical and chemical characteristics in the EIWA
southeasterly direction towas¥entual discharge into  study unit. The NAWQA network of surface-water-
the Mississippi River. The Wapsipinicon River origi  quality sampling sites consssof two types of basic
nates in southern Minnesota, has a drainage area of fixed sites—integrator and indicator. Integrator basic
2,540 m1°-, and is about 225 mi long. The Cedar River fixed sites represent largeibbasins in the study unit
also originates in southe Minnesota and joins the where the stream or river is affected by a combination
lowa River about 30 mi upstream from the mouth of of land-use types, point sources of chemical contribu
the lowa River. Together the Cedar River Basin and tions, and natural factors that affect water quality.-Indi
the lowa River Basin encompass about 12,64) mi  cator basic fixed sites are usually smaller basins and
more than 90 percent of which is in lowa. The Skunk represent a specific combination of land use and-phys
River Basin originates in central lowa and drains aboutographic condition. In th&IWA study unit, surface-
4,350 mf. water samples were collected at six integrator and six
There are three major landform regions and one i_ndicgtor sites (fig. 1 and table 1). Bed-sediment_ and
subregion within the EIWAtudy unit: the Des Moines fish-tissue samples were collected at 16 other S|t'es,
Lobe, the Southern lowa Drift Plain, the lowan-Sur and surface-water samples were collected at 4 sites by
face, and the lowan Karst, which is a subdivision of UNiversity of lowa Hygienic Laboratory (UHL) per

the lowan Surface. The Des Moines Lobe is charactef®"n€! for the lowa Department of Natural Resources

ized by low relief with some distinct ridges near the (fig. 1 and table 1).

eastern boundary and occasional depressions that form

lakes, ponds, and marshes. Glacial till is the dominan$urface-Water Sample Collection
surficial material with alluium along the streams. In

the Southern lowa Drift Plain, streams have eroded cessing of surface-water samples is described in Shel
deeply into the glacial diiind the loess mantle to 4, (1994). All surface-watesamples were obtained
produce a steeply rolling terrain with broad, flat dain , ¢qj1ecting depth-integrated subsamples at equally
age divides. The lowan Surface has gently rolling  gnaceq vertical sections across the stream (Ward and
topography with long slopetow relief, and a mature 51 1990). At each surface-water site, a minimum of
drainage pattern. The surficial material is primarily 1 equally spaced vertical water samples were col
glacial drift with thin layer®f windblown loess onthe  |gcteq using cable-mounted or hand-held samplers
ridges and_alluwum.nealne streams. Ir_1 the lowan _(Shelton, 1994). Typically, a hand-held sampler is
Karst, glacial dep05|ts_ are thin, and sinkholes are evi ;sed when wading small streams, and a cable-mounted
dence of the shallow limestone beneath the land  gampler is used for sampling larger streams or during

A complete discussion of the collection and-pro

surface. high flows from a bridge. All equipment used in sam
Land use and land cover in the EIWA study unit ispling and processing was rinsed with native water
primarily agricultural withabout 93 percent of the before use. For sample splitting, a Teftmme (deca

total area used for cropland or pasture. The principal port) splitter was used. Sample water for pesticide
crops are corn, oats, hay, and soybeans. The remainirzgalysis was passed through a n7-baked-glass
land area consists of abalipercent forests, about fiber filter by a Teflon diaphragm pump and Teflon
2 percent urban, and about 1 percent water and wet tubing. Samples for organic carbon analysis were
lands (U.S. Geological Survey, 1990). filtered through a 47-mm-diameter, 0.48n silver

2 Water-Quality Assessment of the Eastern lowa Basins: Hydrologic and Biologic Data, September 1995 Through September 1996
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Table 1. Surface-water sampling sites in the Eastern lowa Basins study unit
[mi2, square miles; IDNR, lowa Department of Natural Resources site]

Location (degrees, minutes,

Site seconds)
Site identifica- Drainage
(fig.1)  tion number Station name Latitude Longitude  area (mi?) Type of data’ Site type
1 05420680 Wapsipinicon River near Tripoli, I42050'10" 9215'26" 346 F, N, B, Indicator
M, P, TS
2 05422000 Wapsipinicon River near DeWitt, I#°46'01" 9®32'05" 2,340 F, C, N, B, Integrator
M, PT,S
3 05449500 lowa River near Rowan, 1A 42°45'36" 9F37'23" 418 F,C, N, B, Indicator
M,P, TS
4 05451210 South Fork lowa River northeast gf2018'54" 9909'08" 224  F, N, B, M, Indicator
New Providence, IA P,T
5 05453100 lowa River at Marengo, 1A 41°48'48" 920351" 2.790 F, C, N, B, Integrator
M, PT,S
6 05455100 Old Man’s Creek near lowa City, 1#4936'23" 9P36'56" 201  F N, B, M, Indicator
PTS
05455570 English River at Riverside, IA 41928'32" 9P34'49" 626 F P IDNR
05457700 Cedar River at Charles City, IA  43903'45" 924023 1050 B, T Ecology
05457750 Cedar River near Carville, IA 43°0023" 923608" 1075 FP IDNR
10 05458900 West Fork Cedar River near Finclxoz750"  9932'24" 846 FP IDNR
ford, 1A
11 05461390 Flood Creek near Powersville, IAg2054'06"  9243'14" 150 F, N, B, M, Indicator
PTS
12 05464020 Cedar River at Gilbertville, IA  42004'57" 921307 5,240 F, C, N, B, Integrator
M, P, TS
13 05464220 Wolf Creek near Dysart, 1A 42°15'06" 9P17'55" 327 F C, N, B, Indicator
M, PT,S
14 05464490 McLoud Run at Cedar Rapids, I1A41959'59" 9£39'59" 5 BT Ecology
15 05465000 Cedar River near Conesville, IA 2194'36" 9P1706" 7,790 F C, N, B, Integrator
M, P,T,S
16 05465500 lowa River at Wapello, IA 41°1048" 9P1057" 12,500 F C, N, B, Integrator
M, PT,S
17 05471500 South Skunk River near Oskaloosgo21'19" 9239'31" 1630 B, T Ecology
IA
18 05473400 Cedar Creek near Oakland Mills, M5520"  9£40'10" 530 F B, P, T IDNR/
Ecology
19 05474000 Skunk River at Augusta, 1A 40°45'13" 9P1640" 4,310 F C, N, B, Integrator
M, PT,S

Hype of data: F, physical properties;aJorophyll; N, nutrients; B, bed sedimeM, major ions; P, dissolved pesticidesfi¥h tissue; S, suspended
sediment.

membrane filter in a stainless-steel chamber pressur fiber filter. The glass fiber filter was folded into quar

ized by nitrogen gas.lBsamples were chilled and ters, wrapped in aluminufoil, and kept on ice and
shipped by next-day air freight to the USGS National stored in the laboraty freezer until analyzed.
Water-Quality LaboratorgNWQL) for analysis. For At each vertical section in the stream, surface-

chlorophyll analysis, 30 mL of sample water was fil water measurements of specific conductance, pH,
tered through a 47-mm-diameter, borosilicate glass water temperature, and dissolved oxygen were
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obtained with a multiprobmstrument. The median times, and the subsamples were composited and
value for each physical property was then calculated sieved.

and stored in the Nation®ater Information System Fish were collected using electroshocking equip
(NWIS) data base. Alkalinityvas determined atthe  ment carried on either a backpack, barge, or boat.
time of sample collectiohy incremental titration Common carpQ@yprinus carpio) was the target taxon,

(Wood, 1981; Shelton, 1994). A.II equipment l_Jsed to although white suckeiO@atostomus commersoni) or
collect and process ;amples (with the exception ef Cafedhorse lloxostoma spp.) were collected at sites
bon) was cleaned with a 0.1-percent nonphosphate \,here common carp were not sufficiently abundant.

detergent, rinsgd with deized water, rinsed with River carpsuckerQarpiodes carpio) or highfin carp
metha_nol cer_tlfle_d by the ma_mufactL_Jrer to b_e free of sucker (Grpiodes velifer) were collected in addition
pesticides, air dried, wragpd in aluminum foil, and to common carp at three it 1995. At two sites
stored in a dust-free environment prior to sample col , . ’
common carp were collected in sufficient abundance

lection (Shelton, 1994). Eigpment used in the collec : :
) . : tp compare organic compound samples of two differ
tion of dissolved organic carbon (DOC) and suspende . . ;

nt size classes of fish. Ane of these sites, common

organic carbon (SOC) was not rinsed with detergent of . .
methanol but was rinsed with deionized water certified2'P Were collected in such ?b_““dance that two size-
by the manufacturer to be free of both pesticides and class gamples were also sufficient for trace element
VOC's. Water samples for fecal-coliform and fecal- 2nalysis.
streptococcal bacteria were collected and analyzed at Each sample consisted of a composite of 8 to 12
each site using membrafikération procedures and fish of the same species and similar size. Each fish in
incubation (Myersand Wilde, 1997). All bottles and @ sample was measured, weighed, and examined for
equipment used in the cetition of bacteria samples  external anomalies, such parasites, lesions, tumors,
were sterilized in an autoclave and wrapped in foil ~and diseases. Then scales and (or) the pectoral fin ray
before sample collection. were collected for age detaination of the fish. Pow
UHL personnel collected samples for analysis of derless latex gloves were waahall times during fish
dissolved pesticides by dipping a 1-L baked glass botcollection and processing. For analysis of organic
tle into the center of thersam. The sample was then compounds, fish were dissedtwith a stainless-steel
filtered through a 0.7vm, baked glass fiber filter by  scalpel blade (precleanedttvimethanol), examined
EIWA NAWQA personnel. UHL personnel also €ol  for gender, and individually wrapped in heavy-duty
lected physical property data that included pH; dis  aluminum foil (dull side tevards fish) and then placed
solved oxygen, water temperature, air temperature, into a polyethylene bag. Fowing processing, all fish

gage height, and instantaneous discharge. samples were placed on drgiat the collection site in
preparation for shipment the analytical laboratory. If
Biologic Sample Collection long-term storage was necessary, the samples were

stored in a freezer.

Biological studies evaluate the effects of physical , _
For analysis of trace elements, the body cavity was

and chemical characterissiof water and hydrologic ) ) i X
conditions on aquatic biota and how biological and opened with stainless-steel scissors precleaned with

habitat characteristics déff among environmental set Nitric acid. Gender was temined. The liver tissue
tings in study units. Bed-sediment and fish-tissue-sanyvas exposed with and excised by means of a pre
ples are the primary means by which trace elements cleaned, stainless-steel scalpel blade to eliminate pos
and hydrophobic organic contaminants are initially sible contamination from outside the body cavity. The
assessed. Bed-sediment and fish-tissue samples werdissected livers were placed into a plastic bag and then
collected at 16 sites in September 1995 and at 4 sitegveighed. A sample weighing 5 g was considered-mini
in September 1996. mally acceptable. The siteimber, date, location, spe
Samples were collected and processed accordingcies name, and the analyses to be performed were
to procedures outlined Bhelton and Capel (1994).  written on an index card arpdaced into a separate
Samples were collected fime-grained sediments in ~ plastic bag along with the bagged liver sample. The
nearshore depositional areaseH®urficial 1 to 2 cm of bagged sample with identifying information was
bed sediment within 5 tb0 different depositional placed on dry ice at the lbection site and shipped fro
zones at each sampling sitere subsampled several zen to the laboratory.
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Analytical Procedures Cretaceous deposits (sand, gravel, and clay) and is
unconfined except in areas where fine-grained deposits

For the analysis of majaons, nutrients, DOC, ) .
y a produce locally confinedonditions. The Upper Car

SOC, pesticides, and pestie metabolites, surface- 7 . . X
water samples were senttt® NWQL in Arvada, Col bonatg ngfer is underlain by confining units of
orado. The NWQL was also used to analyze for tracé)rdovmlan age.

elements and organic compounds in bed sediment and A Se€cond NAWQA ground-water study was begun
fish tissue. Whole fish were composited for pesticide {© investigate the effects of changing land use on shal
analysis, whereas only fisivers were composited for 10W ground-water quality in the lowa River alluvial

the trace element analysis. For analysis of bed-sedi aduifer (fig. 3). The area of study for the lowa River
ment particle size, samplere sent to the USGS sed @lluvial aquifer encompassed 83’ralong a 16-mi
iment laboratory in lowa City, lowa. The analytical reach of the lowa River in east-central lowa (Savoca

methods used in all sample processing can be found @nd others, 1998). The river valley is underlain by-allu
tables 4-10 (at the end of this report). vial clay, silt, and gravel of variable thickness (@0

Samples were analyzéor chlorophyll in the 55 ft); the alluvial deposits are underlain by glacial till
USGS office in lowa Cityccording to the procedure (Detroy and Kuzniar, 1988).

outlined in method 445 (Arar and Cdins, 1992).
Site Selection

Ground-Water-Quality Data Collection Potential well locations the study unit were
identified using a stratifiecandom selection process

(Scott, 1990). An onsite eennaissance within a 1-mi
radius of each potential Wéocation wasconducted to
The geology of the EIWA study unit consists determine if a suitablevell could be found. Well-
mainly of bedrock that ranges in age from Pennsylva selection criteria includeexisting domestic well com
nian to Cambrian. The subcrop areas of the different pleted in the Silurian-Denian or Upper Carbonate
bedrock units form broad, linear bands that trend aquifers located within ghstudy unit; permission to
northwest-southeast and regionally dip to the south sample the well from the landowner; the depth of the
east. The units consist pramly of sandstone, shale,  well was known; the well was equipped with a-sub
limestone, and dolomite. &reastern part of the Sil  mersible pump; and a sample could be obtained before
urian-Devonian and Upper Carbonate aquifers was tha pressure tank or otheeatment system. Information
focus of one study in the EIWA study unit (f).conr  about the well was obtaid from well-owner inter
ducted in 1996. views and driller’s logs. If a suitable well could not be
The Silurian-Devonian aquifer underlies thecen found at the primary locatiom, search was initiated at
tral and southern parts of the study unit and consists afie closest alternate site.
200 to 400 ft of shallow marine limestone, dolomite, For the study of the Silurian-Devonian and Upper

sandstone, shale, and evaporite deposits. These unitgarbonate aquifers, 33 ewere selected for
gel’lﬂydlp to thelsouthwest (f|g 2) beneath regiona"ysampling\Nith depths ranging from 32 to 700 ft
confining Devonian shale of the Lime Creek Forma  (table2). Ground-water samples were collected during
tion and Yellow Spring Group in the western part of  jyne and July 1996 and followed NAWQA protocols
the study unit. The aquifer forms the bedrock surface (Koterba and others, 1995). Twenty-three wells

in the eastern part of thséudy unit where it is overlain - screened in the lowa River alluvial aquifer were sam

by unconsolidated Quaternary deposits (sand, gravelpled during a 3-week period in 1996 (table 3).
and clay), and is unconfl except in areas where

fine-grained deposits prade locally confined condi
tions. The Silurian-Devonian aquifer is underlain by
Ordovician-age rocks throughout the study unit. The sampling procedures for ground water are
The Upper Carbonate aquifer underlies the north described by Koterba and others (1995). Before-sam
ern part of the study unit and consists of 250 to 600 ftple collection, all sampling equipment was thoroughly
of Ordovician and Devonian shallow marine lime cleaned. Sampling lines and hoses were cleaned by
stone, dolomite, dolomititmestone, and shale. The circulating a 0.1-percent nonphosphate detergent solu
aquifer is overlain by unconsolidated Quaternary andtion through the entire systewith a peristaltic pump

Geohydrology

Ground-Water Sample Collection
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Figure 2. Location of the Silurian-Devonian and Upper Carbonate aquifers and sampling sites.
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Figure 3. Location of lowa River alluvial aquifer and sampling sites.

for 10 minutes. The lines wetken rinsed with 12 to  the potential for contaminatio Holes were cut in the
16 L of deionized water. All sampling and preservationbag for the inflow hose, waste discharge, and access
chamber stands were waslveith deionized water. All ~ for sampling. Powderless latex gloves were worn dur
filter assemblies were alseashed with a 0.1-percent ing sampling. To begin sampling, flow valves were
nonphosphate detergention and rinsed with switched to route the watirto the sampling chamber,
deionized water, with thexception of the DOC filter, and the sampling lines were flushed out for several
which was washed with deionized water and rinsed minutes. For organic compound samples, all sampling
with deionized water guaranteed by the manufacturerlines and connections beten the faucet and the
to be free of pesticides and VOC's. Cleaned equipmergamplingchamber were Teflon or stainless steel.
was wrapped in aluminum foil and placed in clean  Except for the baked gladottles, all bottles were
plastic bags. rinsed three times with puped native ground water
Before sample collectiothe static water level before filling. Samples were collected at each site for
was recorded, and the wells were purged of at least onsite determination of alkaity, and laboratory anal
three casing volumes. Riping continued until mea  Yysis of VOC's, pesticidegesticide metabolites, DOC,
sured values of specific conductance, pH, dissolved Mmajor ions, nutrients, tritim, radon, and stable iso
oxygen, and water temperature stabilized. Samples topes.
were then collected by fillgpcontainers in a sampling Samples for pesticide ayaks were filtered using
chamber made by placing a 6-mL polyethylene bag a 142-mm-diameter glass fiber filter with Quii pore
over a polyvinyl chloridéPVC) frame. All bottles openings. DOC samples weagellected and filtered
were filled inside the sapling chamber to minimize  with a stainless-steel fdt assembly and a 47-mm-
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Table 2. Wells sampled in the Silurian-Devonian and Upper Carbonate aquifers

Location (degrees, minutes,

Site Site identification seconds) Well depth

(fig. 2) number Local identifier Latitude Longitude (feet) County, State
1 420424092175101 084N 12W 19 BCC 400424" 91752 560  Benton, IA
2 421157091554201 085N 09W 05 CBA 42011'57" 91955'45" 312 Benton, IA
3 423056092054601 089N 11W 13 CAC 4030'56" 920546 155  Black Hawk, IA
4 423940092102801 091N 11W 29 CAC 42°39'40" 92°10'29" 120  Bremer, IA
5 421850091574001 087N 10W 25 CDC 401845" 91957'44" 218  Buchanan, IA
6  422329091455101 088N 08W 34 CAA 4209399"  91%4551" 240  Buchanan, IA
7 423328092464901 090N 16W 31 DCB 403398" 9204649" 280  Butler, IA
8 425158092402301 093N 16W 13 DAD 4051'58" 92°40'23" 114 Butler, 1A
9 425757092503001 094N 17W 10 CDD 405757" 9050:30" 240  Butler, IA
10  415600091033701 082N 02W 03 DCD 41°%6'00" 91°03'37" 200 Cedar, IA
11 430216093142901 095N 20W 19 AAA  43002'15" 93°14'30" 120  Cerro Gordo, IA
12 430532092305401 096N 14W 33 BCB 43°05'33"  92°30'54" 100 Chickasaw, IA
13 430947092590101 096N 18W 04 BCC 4300947" 9°58'59" 343  Floyd, IA
14 421944092471701 087N 17W 23 DDA  42019'44" 92°47'17" 507 Grundy, 1A
15 422524092353101 088N 15W 22 BCB  400504" 92035'31" 240 Grundy, IA
16 422631092454801 088N 16W 07 CDC 400g'31" 9204550" 440  Grundy, IA
17 422723092470701 088N 16W 01 CCD 409793"  92047'06" 220  Grundy, IA
18 431614092275401 098N 14W 26 DCC 416'13" 922755" 182  Howard, IA
19 413652092035801 079N 11W 36 AAA 41936'52" 9200358" 700  lowa, IA
20 414056091325201 079N 06W 04 ABD 41°40'56" 91°32'52" 225 Johnson, IA
21 420206091244901 084N 05W 34 DDC 4200206" 91°%24'49* 291  Linn, IA
22 412030091113801 076N 03W 34 CBB 419%91'30" 91°11'3g" 360  Muscatine, IA
23 413401091010901 078N 02W 12 DDD 41934'01" 91%1'09" 240  Muscatine, IA
24 414153090350801 080N O3E 35BBA 41911'53" 93508 198  Scott, IA
25  415231092295301 082N 14W 32 AAB  41952'31" 92929'43" 320  Tama, IA
26 421030092340001 085N 15W 14 BDD 42010'29" 920°33'51" 332 Tama, IA
27  421120092190501 085N 13W 12 BCC 401121" 92°19'06" 350  Tama, IA
28 431725093310801 098N 23W 23 DAA 4391724" 93°31'08" 58  Winnebago, IA
29  433317093175601 101N 21W 13 BAD 4393316" 93°1758" 115  Freeborn, MN
30 434012093243601 102N 22W 01 AAD  49940111" 93%04'35© 180  Freeborn, MN
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Table 2. Wells sampled in the Silurian-Devonian and Upper Carbonate aquifers—Continued

Location (degrees, minutes,

Site Site identification seconds) Well depth
(fig. 2) number Local identifier Latitude Longitude (feet) County, State
31 433109093004001 101N 18W 29 DAA 43°31'10" 93°00'8" 32 Mower, MN
32  433323092383201 101N 15W 16 BAB 43033'23" 920383'2" 160 Mower, MN
33 434732092545001 104N 17W 19 DDB 43°47'32" 92°54'50" 120 Mower, MN
Table 3. Wells sampled in the lowa River alluvial aquifer
Location (degrees, minutes,
Site Site identification seconds) Well depth
(fig. 3) number Local identifier Latitude Longitude (feet) County, State
IRA16 415211092164101 082N 12W 31 DAD 41952'11" 92°16'41" 26.0  Benton
IRA16 415211092164102 082N 12W 31 DAD  41952'11" 92°16'41" 15.0  Benton
IRC 4 414816092053401 081N 11W 23 DCC  41948'16" 92°0534" 31.0 lowa
IRC 4 414816092053402 081N 11W 23 DCC  41948'16" 92°05'34" 13.5 lowa
IRC 4 414816092053403 081N 11W 23 DCC  41948'16" 92°0534" 11.0 Ilowa
IRA 26 414818092055401 081N 11W 14 CCA 41°49'15" 92°05'54" 22.5 lowa
IRA 26 414818092055402 081N 11W 14 CCA 41949'15" 92°0554" 13.5 lowa
IRA 26 414818092055403 081N 11W 14 CCA 41°49'15" 92°05'54" 11.0 lowa
IRA 22 414828092014201 081N 10W 20 DAC  4194828" 92°01'42" 25.0 lowa
IRC 1 414900092073801 081N 11W 21 ABD  41°49'00" 92°07'38" 22.5 lowa
IRA 3 414907092083001 081N 11W 20 AAA  41°49'07" 9200830" 29.0 lowa
IRA 3 414907092083002 081N 11W 20 AAA  41949'07" 92°08'30" 9.0 lowa
IRA 3 414907092083003 081N 11W 20 AAA  41°49'07" 92°0830" 155 lowa
IRA 6 414930092093801 081N 11W 17 CBB  41°49'30" 92009'38" 30.0 lowa
IRA 21 415020092094001 081N 11W 07 DAA  21950'20" 92°09'40" 25.0 lowa
IRA 21 415020092094003 081N 11W 07 DAA  41950'20" 92°09'40" 15.0 lowa
IRA 21 415020092094004 081N 11W 07 DAA  219%50'20" 92°09'40" 12.0 lowa
IRA21 415020092094010 081N 11W 07 DAA  41950'20" 92°09'40" 32.0 lowa
IRA 17 415039092164001 081N 12W 05 CCC 419%50'39" 92°16'40" 40.0 lowa
IRA19 415045092145601 081N 12W 09 ABC  4195045" 92°14'56" 25.0 lowa
IRC 2 415052092120301 081N 12W 11 AAD  41950'52" 92°12'03" 27.5 lowa
IRC 3 415105092132501 081N 12W 03 DDB  41951'05" 92°13'25" 22.5 lowa
IRC 4 415105092135201 081N 12W 03 CDA  41951'05" 92°13'52" 22.5 lowa
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diameter silver filter membrane with 0.4 open reported with analytical silts for pesticides (Zaugg
ings. Filtration was done der pressure from nitrogen and others, 1995). MRL's and MDL’s provide informa
gas. tion about relative analytat precision and detection
All samples were presaed and treated immedi  sensitivity but do not constitute low concentration
ately after collection. Samples for VOC'’s were treatedreporting limits for conclusely identified constituents
with a 1:1 hydrochloric adisolution (HCI). Samples  (Zaugg and others, 1995). A numerical value is
for major ions were treateslith 1 mL of nitric acid. reported with an “E” (estimated) code for measure
All samples were then chiliefor shipment to NWQL. ments less than the MDL if a chromatograph peak is
Radon-222 samples were collected by inserting a0Pserved at the correcteation time and the qualily
syringe through a gas-impermeable membrane in thelNd information from the srtrometer conclusively
gas-collection tube and withawing 15 mL of sample identifies the constituent. Bmalso may be estimated
water. To allow the withdrawal of sample water with When a target constituentdstected and identified, but
out degassing, sufficient backpressure was created b{€ quantification is not eopleted because the result
closing a valve in the sample-collection tube. The NG value is greater than the highest calibration-stan
syringe was then invertddeedle up) and voided until dard for the method. Values censored with an “E” code
all air bubbles were gone and only 10 mL of sample Nnecessarily carry a lower confidence.
remain in the barrel. Treample was then injected
(needle down) into a vial at the base of a mineral oil Surface Water
layer. The vial was capped and shaken for approxi

: The philosophy of NAWQA surface-water
mately 10 seconds. Radon-222 samples were shipped . J : ) i
(overnight delivery) the day of collection. quality-control design is desbed in detail by Mueller

and others (1997). About ercent of the total sam
] ples collected for the EIWA NAWQA were analyzed
Analytical Procedures for quality control. Qualit-control samples submitted

For the analysis of majdons, nutrients, DOC, for analysis during the 1996 water year (October 1
SOC, pesticides, pestigdnetabolites, VOC'’s, and 1995, through September 30, 1996) included equip
radon, ground-water samples were sent to the NwQLment blanks for two sets of sampling equipment, five
in Arvada, Colorado. Grourdater samples were ana field blanks, six replicate samples, three spike-sam
lyzed for tritium at the USGS Isotope Tracers Project Ples, and laboratory surrogate recoveries. Equipment
Laboratory in Menlo Park, California, and for environ blank samples of deionized water guaranteed by the
mental isotopes at the USGS National Research Pro Manufacturer to be free of pesticides and VOC’s and
gram Laboratory in RestoRjrginia. The analytical delonlzgd water guaranteed the manufacturer to be
methods used in all sample processing are listed in free of inorganic compounds were passed through all

tables 4-10 at the end of this report. sampling equipment at the beginning of data collection
to verify the initial cleanhess of the sampling equip

ment. Field blank samples of the same deionized water
Water-Quality Analysis and Quality Control that was used with equipment blank samples were col
lected by passing the deionized water through all
Analytical results were evaluated in the context ofpumps, filter plates, and filtets verify cleanliness of
minimum reporting levels (MRL's) and method detec sampling equipment and technique. Field blank-sam
tion limits (MDL’s) established by NWQL. An MRL is  ples verified that the surface-water samples were not
the minimum concentratioof a constituent that can ~ contaminated from eithéhe sampling equipment,
be reliably measured andparted by the laboratory transport of the equipment, or the cleaning procedures
using a given analytical method. MRLs are commonlydone between sites. Blank samples (equipment and
reported with analytical results for common ions, field) indicated that all austituents were less than the
nutrients, DOC, radiochemicals, and VOC's. An MDL MDL for all samples.
is the minimum concentraticof a substance that can The objective of the replicate samples was to esti
be identified, measured, dneported with 99-percent mate the precision of concentration values from-sam
confidence that the constituesdncentration is greater ple processing and analysis. Analysis of organic
than zero. MDL's are gendhasmaller and more well  constituents are generally more variable than analyses
defined statistically thaMRL's and are commonly of inorganic constituents. Iparticular, replicate sam
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ples for pesticides were amportant way to evaluate  Biology
the consistency of the idfying target constituent.

Elach r;epllcatesampldetlﬁ an ‘1“?# ot of the T.?tt'vet‘;’af[n sample were collected at one site in 1996. These sam
pie water processed through the cone Spiitter, that ples were analyzed for trace elements and organic
passes through the same sample equipment, and is PESmpounds

pared in the same way.

A spike sample is a samptie which a laboratory-
certified concentration of selected constituents has
been added. Spike samplesre used to estimate per Quality-control samplesonsisted of equipment
cent recovery and possildegradation of the constitu blanks, field blanks, trip blanks, replicate samples, and
ent concentration during sample processing and laboratory surrogate recawes. Three field blanks
analysis. The spike recovery (in percent, %) is calcu were analyzed for pesticidagad pesticide metabolites;
lated as follows: five for VOC'’s; two for major ions and nutrients; and

Spike recovery % = [(Giked- Cunspiked/Cexpd * 100 (1) six for DOC. Three replicate samples were analyzed

where GpikediS the measured concentration of the for majorions, nuI'Frlents, DOC, V_O_C’s, pest|C|d_es,
spiked sample, in micrograms per lite(; GikeciS the pesticide metabolites, rad@#-2, tritium, and environ

measured concentration ihie unspiked sample, in mental isotopes; and one for major ions, nu'grients,
micrograms per liter; andggnqis the expected or the DOC, VOC's, and pesticides. One VOC equipment

oretical concentration of the spiked sample, in micro Plank and two VOC trip blanks were used to investi
grams per liter. Gqis calculated from the gate VOC concentrations during the sampling season.

concentration of the spike mixture, the amount of

spike added, and volume of the sample using the fol
lowing equation: ACKNOWLEDGMENTS

Cexpd= Csoln * AMt/SmplVol, ) The following people worked on the 1995 and
where Gg,is the concentration of the spike solution, 1996 bed-sediment and fish-tissue sampling:
in micrograms per liter; Amt is the amount of spike
added, in milliters; and Smgbl is the spiked sample ~ Stephen Porter USGS, Central Region,

A replicate bed-sediment sample and fish-tissue

Ground Water

volume, in liters. Lakewood, CO

For the EIWA study unit, the concentration of pes Rod Deweese USGS, Central Region,
ticide compounds ithe spike solution (£, for 1996 Lakewood, CO
was 1.0ug/L, except for permethrin which was Steve Kalkhoff USGS, lowa City, IA

0.3 ug/L. The amount of spike added (Amt) for all Deb Sneck-Fahrer USGS, lowa City, 1A
spike samples was 0.100 mL. The sample volumes foimberlee Akers  USGS, lowa City, IA
the three spikes were 0.947, 0.948, and 0.923 L for Eric Sadorf USGS, lowa City, IA
spike samples collected atta River near Rowan (site  Jim Cerveny USGS, lowa City, IA
3, fig. 1), lowa River at Marengo (site 5, fig. 1), and Danita Winegarden USGS, lowa City, IA
Cedar River at Gilbertville (site 12, fig. 1), respec Bob Einhellig USGS, lowa City, IA

tively. The spike recoveries for the pesticide eom Linda Roberts USGS, lowa City, IA
pounds ranged from 33 to 301 percent. Sienna Hill USGS, lowa City, IA

A surrogate compound is an organic compound Joel Galloway USGS, lowa City, IA
that has similar physical drthemical properties to the Jenna Tobias USGS, lowa City, IA
constituents being deternad but is not naturally Jim Sondag USGS, Council Bluffs, 1A
present in the sample. A surrogate compound is addedathy Lee USGS, Mounds View, MN
to each pesticide sample that is processed at the Anna Sojka USGS, Lincoln, NE
NWQL as part of their quality-control protocols. The Dave Schwartz USGS, Lincoln, NE
percent recovery of the sngate compounds allows a Scott Yess U.S. Fish & Wildlife Service,
quality check on amount oécovery for the pesticide Onalaska, WI
sample. Surrogate recoverigsre typically between  Kent Johnson University of lowa Hygienic
80 and 120 percent for the pesticide compounds and Laboratory, lowa City, IA
are listed in table 15 #he end of this report. Matt McAndrew  Volunteer, West Liberty, 1A
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