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FOREWORD

The mission of the U.S. Geological Survey (USGS) is to assess the quantity and quality of 
the earth resources of the Nation and to provide information that will assist resource 
managers and policymakers at Federal, State, and local levels in making sound decisions. 
Assessment of water-quality conditions and trends is an important part of this overall 
mission.

One of the greatest challenges faced by water-resources scientists is acquiring reliable 
information that will guide the use and protection of the Nation's water resources. That 
challenge is being addressed by Federal, State, interstate, and local water-resource 
agencies and by many academic institutions. These organizations are collecting water- 
quality data for a host of purposes that include: compliance with permits and water- 
supply standards; development of remediation plans for a specific contamination 
problem; operational decisions on industrial, wastewater, or water-supply facilities; and 
research on factors that affect water quality. An additional need for water-quality 
information is to provide a basis on which regional and national-level policy decisions 
can be based. Wise decisions must be based on sound information. As a society we 
need to know whether certain types of water-quality problems are isolated or ubiquitous, 
whether there are significant differences in conditions among regions, whether the 
conditions are changing over time, and why these conditions change from place to place 
and over time. The information can be used to help determine the efficacy of existing 
water-quality policies and to help analysts determine the need for, and likely 
consequences of, new policies.

To address these needs, the Congress appropriated funds in 1986 for the USGS to 
begin a pilot program in seven project areas to develop and refine the National Water- 
Quality Assessment (NAWQA) Program. In 1991, the USGS began full implementation of 
the program. The NAWQA Program builds upon an existing base of water-quality studies 
of the USGS, as well as those of other Federal, State, and local agencies. The objectives 
of the NAWQA Program are to:

  Describe current water-quality conditions for a large part of the Nation's 
freshwater streams, rivers, and aquifers.

  Describe how water quality is changing over time.

  Improve understanding of the primary natural and human factors that affect 
water-quality conditions.

This information will help support the development and evaluation of management, 
regulatory, and monitoring decisions by other Federal, State, and local agencies to 
protect, use, and enhance water resources.

The goals of the NAWQA Program are being achieved through ongoing and proposed 
investigations of 59 of the Nation's most important river basins and aquifer systems, 
which are referred to as study units. These study units are distributed throughout the 
Nation and cover a diversity of hydrogeologic settings. More than two-thirds of the 
Nation's freshwater use occurs within the 59 study units and more than two-thirds of the 
people served by public water-supply systems live within their boundaries.

National synthesis of data analysis, based on aggregation of comparable information 
obtained from the study units, is a major component of the program. This effort focuses 
on selected water-quality topics using nationally consistent information. Comparative 
studies will explain differences and similarities in observed water-quality conditions
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among study areas and will identify changes and trends and their causes. The first topics 
addressed by the national synthesis are pesticides, nutrients, volatile organic compounds, 
and aquatic biology. Discussions on these and other water-quality topics will be 
published in periodic summaries of the quality of the Nation's ground and surface water 
as the information becomes available.

This report is an element of the comprehensive body of information developed as part 
of the NAWQA Program. The program depends heavily on the advice, cooperation, and 
information from many Federal, State, interstate, Tribal, and local agencies and the public. 
The assistance and suggestions of all are greatly appreciated.

Robert M. Hirsch 
Chief Hydrologist
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CONVERSION FACTORS AND ABBREVIATED UNITS OF MEASURE

To obtain

inch (in.) 
foot (ft) 
mile (mi)

25.4
0.3048
1.609

millimeter
meter
kilometer

Area

square foot (ft2 ) 
square mile (mi 2 )

0.09290
2.590

square meter 
square kilometer

Volume

gallon (gal) 3.785 liter

Temperature

degree Fahrenheit (°F) DO5/9 (°F-32) degree Celsius

Abbreviated water-quality units used in this report:

g, grams
g/kg, grams per kilogram
g/m 2, grams per square meter
L, liter
m, meter
)Hg/g, micrograms per gram
jug/kg, micrograms per kilogram
)Hg/L, micrograms per liter
u,m, micrometer
nS/cm, microsiemens per centimeter at 25°Celsius
mg/kg, milligrams per kilogram
mg/L, milligrams per liter
mg/m 2, milligrams per square meter
ml, milliliter
mm, millimeter
pCi/L, picoCuries per liter
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WATER-QUALITY ASSESSMENT
OF THE LOWER SUSQUEHANNA RlVER BASIN,

PENNSYLVANIA AND MARYLAND:
DESIGN AND IMPLEMENTATION

OF WATER-QUALITY STUDIES, 1992-95

by Steven F. Siwlec, Robert A. Mainly, Bruce D. Lindsey, 

Michael D. Bilger, and Robin A. Brightbill

ABSTRACT From 1992 through 1995, nearly 1,200 water-quality samples from about 500 sites were 
collected, processed, and analyzed for the U.S. Geological Survey's (USGS) National 
Water-Quality Assessment (NAWQA) Program in the Lower Susquehanna River Basin in 
Pennsylvania and Maryland. Sites were selected and samples were collected for 28 
integrated water-quality studies designed to provide a comprehensive and nationally 
consistent description of current water-quality conditions, to begin to identify trends in 
water quality, and to determine the major factors that affect observed water quality. To 
achieve this, stream-water, ground-water, streambed-sediment, and biota samples were 
collected, and habitat assessments were conducted at selected data-collection sites.

This report discusses the water-quality study design, site-selection strategy, and 
implementation steps used to obtain water-quality and related data. Methods employed 
to collect, process, and analyze samples, characterize sites, and assess habitat are 
described. A comprehensive list of all sites employed in these studies and their 
characteristics is provided. Sample analyses conducted for the water-quality studies 
described in this report, including nutrients, pesticides, major ions, volatile organic 
compounds (VOC's), and trace elements, as well as measured or observed physical 
properties and habitat characteristics, also are listed.
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INTRODUCTION

In 1991, the U.S. Geological Survey (USGS) implemented a full-scale National Water- 
Quality Assessment (NAWQA) Program (Leahy and others, 1990). The primary goal of 
the NAWQA Program is to provide relevant and nationally consistent water-quality 
information to assist policy makers who must address water-resource management issues 
at the national, state, and local levels. The NAWQA Program plans to assess water quality 
in 59 individual study units, which comprise large river basins and/or aquifer systems 
ranging from 1,200 to 62,000 mi2 and represent 50 to 70 percent of the Nation's water 
usage. The Lower Susquehanna River Basin NAWQA study is 1 of 20 study units 
implemented in 1991.

The objectives of the NAWQA Program are to:

1. provide a nationally consistent description of current water-quality 
conditions for a large part of the Nation's water resources;

2. define long-term trends (or lack thereof) in water-quality data; and

3. identify, describe, and explain, to the extent possible, the major natural 
and anthropogenic factors that affect observed water-quality 
conditions and trends (Leahy and others, 1990).

The water-quality studies described in this report were designed to address local, 
regional, and national water-quality issues (table 1) and meet the NAWQA Program 
objectives. A technical advisory liaison committee representing Federal, State, and local 
agencies assisted study-unit scientists in the identification of important local and regional 
water-quality issues. Priority national issues for the 20 NAWQA study units that began in 
1991 are described in Gilliom and others (1995).

Table 1 . Local, regional, and national water-quality issues addressed by the Lower Susquehanna 
NAWQA study unit

Scale Water-quality issue

local effects of agricultural practices on nutrients and pesticides in ground and surface water 

local effects of urban land-use practices on volatile organic compounds in ground and
surface water

local general ground- and surface-water quality in carbonate-rock settings 

regional occurrence, distribution, and concentrations of radon in ground water 

national occurrence, distribution, and concentrations of pesticides in ground and surface water 

national occurrence, distribution, and concentrations of nutrients in ground and surface water 

national occurrence, distribution, and concentrations of volatile organic compounds in ground
and surface water

national occurrence, distribution, and concentrations of organochlorine pesticides in fish tissue 

national occurrence, distribution, and concentrations of trace elements in fish tissue

NATIONAL WATER-QUALITY ASSESSMENT PROGRAM



The NAWQA Program is designed such that water-quality data can be collected, 
synthesized, and interpreted at different spatial and temporal scales. Study-unit 
investigations provide the foundation on which regional- and national-scale syntheses of 
water-quality results are made. Synthesis and interpretation of water-quality data from 
multiple study units at the regional and national scale requires that the data be 
comparable among study units. National protocols established for sample collection, 
processing, and analysis are followed to ensure consistency and comparability of water- 
quality data obtained by individual study units.

In the Lower Susquehanna study unit, following a retrospective analysis of existing water- 
quality information and description of the environmental setting of the study unit, a 
period of intensive data collection or "high-intensity phase" was conducted from 1992 to 
1995. This first phase of data collection will be followed in subsequent years by 
alternating low- and high-intensity data-collection phases.

Purpose and Scope

This report describes the design and implementation of water-quality studies conducted 
from 1992 to 1995, the first high-intensity data-collection phase of the USGS NAWQA 
Program in the Lower Susquehanna River Basin study unit in Pennsylvania and Maryland. 
The discussion includes an overview of study objectives, the strategy employed in study 
design and sample-site selection, and a summary of the types of water-quality studies 
conducted. The methods used for sample collection, processing, and analysis for each 
type of water-quality study also are described.

Results of water-quality sample analysis and site assessments are beyond the scope of 
this report and are not presented herein. Much of the data collected for the water-quality 
studies described in this report are available in Durlin and Schaffstall (1994; 1996; 1997) 
and in selected USGS topical reports.

The Lower Susquehanna River Basin Study Unit

The Lower Susquehanna River Basin was selected for study as part of the NAWQA 
Program because of its agricultural and urban land uses, different bedrock lithologies 
(carbonate, siliciclastic, and crystalline), and physiographic diversity (Breen and others, 
1991). These characteristics provide a combination of settings that are well suited to the 
study of major natural and anthropogenic factors that affect water quality.

The Lower Susquehanna River Basin study unit contains 9,200 mi2 of the Susquehanna 
River Basin from the confluence of the West Branch and the main stem of the 
Susquehanna River near Sunbury, Pa., downstream to the Chesapeake Bay at Havre de 
Grace, Md. (fig. 1). The study unit also contains parts (about 150 mi2 ) of the Northeast 
and Elk Creek Basins, which are located just to the northeast of Havre de Grace, 
Maryland, and the fall line, and drain directly into the Chesapeake Bay (fig. 1).

The environmental setting of the Lower Susquehanna River Basin is described in detail in 
Risser and Siwiec (1996). The study unit contains parts of five physiographic provinces: 
the Appalachian Plateaus, the Ridge and Valley, the Blue Ridge, the New England, and 
the Piedmont (fig. 2). The Ridge and Valley Province and the Piedmont Province account 
for 68 and 29 percent of the study unit's total area respectively, whereas the other three 
physiographic provinces comprise less than 4 percent of the study unit.
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Figure 1. Location of the Lower Susquehanna NAWQA study unit.
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The physiography of the study unit is largely controlled by the lithology of the underlying 
bedrock (fig. 3). The Ridge and Valley Physiographic Province is predominantly 
comprised of siliciclastic rocks (sandstone, shale, siltstone, and conglomerate), which 
form a series of resistant ridges. These ridges are interrupted by narrow valleys of mostly 
carbonate bedrock (limestone and dolomite). The largest of these carbonate valleys forms 
the Great Valley Section of the Ridge and Valley Province.

The Piedmont Physiographic Province is divided into three sections: the Piedmont 
Upland, the Piedmont Lowland, and the Gettysburg-Newark Lowland. The Piedmont 
Upland, which contacts the Coastal Plain along the fall line at the southeast corner of the 
study unit, is predominantly gneiss, quartzite, and metamorphic crystalline bedrock. The 
Piedmont Lowland, situated between the Piedmont Upland and the Gettysburg-Newark 
Lowland, is comprised of limestone and dolomite. Sandstone and shale containing 
diabase dikes and sills form the Gettysburg-Newark Lowland.

The study unit is 47 percent forested, the majority of which is located in the mountainous 
areas of the Appalachian Plateaus, Ridge and Valley, and Blue Ridge Physiographic 
Provinces (fig 4). Agricultural land use dominates the Piedmont Province, the Great 
Valley, and carbonate valleys of the Ridge and Valley Province, and occupies another 47 
percent of the study unit's total area. Approximately 4 percent of the study unit is used 
for urban purposes, mainly in the Great Valley and Piedmont Province. The remaining 
area in the study unit consists of water bodies and barren land (primarily mines and 
quarries).

NATIONAL WATER-QUALITY ASSESSMENT PROGRAM
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DESIGN AND IMPLEMENTATION OF WATER-QUALITY STUDIES

During the first high-intensity phase of study in the Lower Susquehanna study unit, six 
types of water-quality studies were conducted. Four of these were types of surface-water 
studies that included measurement of physical, chemical, and biological properties of 
study-unit streams. Two types of ground-water studies also were conducted, in which 
ground-water samples were collected from existing, newly installed, or refurbished wells 
in the study unit.

To provide a design framework for the study of water quality in the study unit and assess 
the influences of major natural and human factors on water quality, the study unit was 
stratified into subunits areas of relatively homogeneous physiography, bedrock 
lithology, and in some cases, land use and land cover. Because these factors were 
assumed to have the most dominant influences on water quality in the study unit, areas 
with relatively homogeneous combinations of these factors would be expected to have 
relatively similar water-quality characteristics.

A geographic information system (CIS) was utilized to stratify the study unit into subunits. 
A digital representation of physiographic provinces and sections (fig. 2) was developed 
from Berg and others (1989). Bedrock lithology was generalized as carbonate, siliciclastic, 
or crystalline, on the basis of a digital representation of bedrock geology (fig. 3) 
developed from Berg and others (1980). By use of the CIS, these two data layers were 
digitally overlaid, producing a composite data layer from which subunits were delineated. 
An additional data layer of generalized land use and land cover (fig. 4), as described in 
Mitchell and others (1977), was overlaid on the resulting subunits to further define them 
for selected studies where land use was an important factor in study design and site 
selection. High-priority subunits were then identified for study in the first high-intensity 
phase of data collection in the study unit.

Surface-Water-Quality Studies

Surface-water-quality studies conducted in the study unit can be broadly categorized into 
four major types: annual monitoring studies, basinwide studies, focused synoptic 
studies, and subunit synoptic studies (table 2). Annual monitoring studies were initiated 
to obtain baseline stream-water-quality data of selected subunits in the study unit and 
provide information for analysis of temporal water-quality variability. Basinwide studies 
were conducted to assess specific water-quality issues at the study-unit scale. Focused 
and subunit synoptic studies were undertaken to provide water-quality information in 
basins not included in the annual monitoring studies and augment water-quality 
information collected as part of the annual monitoring studies.

Each of these types of water-quality studies are described in the following sections. A 
comprehensive listing of all sampling sites, including selected site and basin 
characteristics, and maps showing the locations of sampling sites appear in Appendix A.

Annual monitoring studies

Two annual monitoring studies were conducted in the study unit during the first high- 
intensity phase of study. A long-term monitoring study was initiated at seven "fixed" sites 
(hereafter called the fixed-station study) to provide water-quality data representative of 
specific high-priority subunits in the study unit. The seven fixed sites were "indicator" 
sites, intended to provide data that is indicative of specific natural and human factors 
affecting water quality. A tissue trends study also was initiated at five "integrator" sites to

NATIONAL WATER-QUALITY ASSESSMENT PROGRAM



1N3WSS3SSV Ainvnt)-a3ivM WNOLLVN01

2 2

n 1 3  <
n n

* 1 D ^
O (£

13. 3
" io'

> > 1 '

C* Ul

_ I _ I
vO Ul

  I   I
vO Ul

VO vO
Ui Ul

^ ^

_
*sO Un

t
-> XI

4i. Ui

0 O

0 O

0 O

  »   »

4*. Ui

_ i _ i
vO Un

0 0

0 0

7x DO

£ $ 
< PT i"
§ o g i£ D 
« L= £ 1/1 D

n ^ 
S n 
ns o *~ "2-

n'

> > 1 '

^ OJ

_ I
  -i l^Q

 a

  -i l^Q

vO VO
t-n Ln

^ ^

_
- VO

Ln vo

^ vo

O O

o o

0 0

  »   »

i! vo

 a
-a ^Q

O O

0 0

a>

n

1/1  <
0  D
n'

>1

ho

OJ

Un

vO
4^.

^

^

^

O

0

0

o

Un

0

O

ho

ho

O

0

era'

x synoptic #2

>1

-a

a>

CO

vO
Ul

^

CO

CO

CO

o

o

0

  »

CO

CO

o

0

era'

T3

>1

O

ho
O

ho
O

vO
4^.

^

ho
0

ho
O

ho
O

0

o

o

UJ

ho
0

ho
O

o

o

nfD 
,o Q-

4£ a> n ~"

6" 
era n'

.*(
vO

OJ

  \
CO

vO
4^.

^

^

0

0

o

o

o

*
0

o

UJ

UJ

VO

n n n fD fD fD 
Q. Q. Q. 
a> a> a>

lun synoptic #1 :un synoptic #2 :un synoptic #3

.
i^ *i *i co xi a>

CO Ul Ul

CO CT* Ul

vO vO vO
Un -ti -tx

« « « -n X X X Q

n
in 
fD
a.
LO

0 D
n'

c
Q.
fD
tn

co a> ui

CO O** Ul

co a> o

O O Ui

o o o

000

 i hO -a

CO Ul Ul

CO CT* Ul

o o o

000

R » 51 O Q. CU

- § s 1 1 n S a- =. ">
OJ OJ 5' fD 3-

J i. 1 S 5  < n n ^ cr

1 Iil| g- ^ a. -a «
rt-    OJ

fD tn Q_
 < c

fD

> > >
"i i^ "i
Ul 4^ OJ

4^. ho 4^.
Ul ho XI

vO 4^ 4^
O Ul X|

LO 
v^ vO

vO -t^ vO
-^ vO '~O
"v£> ^

Ul

^

                03
a>
5'

Q.

C           a. 
S'

^ tn

^

^
O O xi

^
O O xi

O Ui xi

O O O

[\

O OJ O

o o o

ho
0 -» 0

o o o

4^. ho 4^.
Ui ho xi

Ui O O

o o o

H 31 
(/>' X
«: fc 
g J-

a. |

i^ *i
ho  i

ui xi

Ul
ho o
4^ 4^

vO vO

vO vO
-^ -C^

vO vO
Ui Ui

^ 5*

^

^
O

- - g

era
CO

g. S'
tn

^

OJ
o -1

ho
O Ul

ho fo 
^. Ul

0

O OJ

ho
OJ Ln

X|

O Ul

OJ
o ^

OJ 
0 -J

o
OJ

o -1

0 ^

X|
O Ul

z
3
fD

1

J2
C

a_

> 3  i
T3 C -n ^ 
T1 3 ~' O" w   > CJQ   

>> fD cr c fD

X' 5" Q.

Q) O Z
3 "^ §
"2. j|- §-
§_ w fD

g_ Q] Z
 " -1 9, 3
r-l-    CT

Q_ "> -i

  9, -<
"o "" 2

i ^ ^ ^^ -< ^^

Surface water

Ground water

Biota

Bed sediment

Habitat

Nutrients

Major ions

Pesticides and other
organic compounds

Volatile organic
compounds

Trace elements

Algal biomass and 
chlorophyll

Particle size

Suspended-sediment
concentration

Field measurements

Habitat assessment

Taxonomic
identification

m
13

O

3

s
3 D.

Q. 

0

fD

re
Q.

C.

3
cr

0

&> 
3

of

&>
^

Q.

O""'

«.
fD

ro
$
3fD
S

3
Q. 
fD

Table 2.

, Summary of si

^
00>

iof
-Q

£ ST
~-<

&

Q.

O
o

10
ao1
""*

Er 0>
r- 
0

1

C
-Q

0>

o> 

o>

!̂̂.
1c
CL

g1

3
_i
VO 
VO

^
o
  k
VO 
VO
t^J-J



LL1N3WSS3SSV Ainvn£)-*i3iVM IVNOIIVN

Gn 
s

>T3>T3

 q 
f5'

-q 
S'

| s? | s? |9- 1 8- 5- g I 2 I

cr 
O

>" o
OQ g

fD 3 

fD   

ho   i o '-O Co

-i O

C. 
CT

O 
73

c 
Q.

  i O

  i O

O O

O O

O O

O

O

00

o o

S o Z 
3^| t^'l

O_ ft]  *-

ro" 3 o q
5 ^- "^ o-
ro ft>ro

Surface water

Ground water

Biota

Bed sediment

Habitat

Nutrients

Major ions

Pesticides and other 
organic compounds

Volatile organic 
compounds

Trace elements

Algal biomass and 
chlorophyll

Particle size

Suspended-sediment 
concentration

Field measurements

Habitat assessment

Taxonomic 
identification



determine the presence and year-to-year variability of concentrations of selected 
contaminants in fish tissue. Unlike indicator sites, integrator sites are intended to 
integrate the effects of a heterogeneous mixture of natural and human factors on water 
quality. Annual monitoring sites will be sampled in subsequent high-intensity data- 
collection phases. Data collected from these studies during the first high-intensity phase 
will provide the initial basis for identification of long-term changes or trends in the 
concentrations of selected contaminants in the study unit and nationally.

The seven indicator stream-sampling sites of the fixed-station study were selected to 
represent the baseline stream-water quality of seven different subunits in the study unit 
and to provide for specific comparisons of water-quality data among the fixed stations 
(table 3). In selecting the fixed stations, subunits were prioritized on the basis of 
important local, regional, and national water-quality issues. In the study unit, water quality 
associated with agricultural land use was considered the most important water-quality 
issue. Because the most intense agricultural land use in the study unit occurs in areas 
underlain by carbonate bedrock, agricultural land use and carbonate bedrock were 
primary criteria for the selection of stream basins within which to establish fixed stations. 
Effects on water quality resulting from the conversion of agricultural land to commercial, 
industrial, and residential uses in the "urban corridor" located in the Great Valley also 
were considered important water-quality issues and also were considered in the selection 
of the fixed stations.

Table 3. Planned comparisons of water-quality data resulting from the fixed-station study 
conducted for the Lower Susquehanna NAWQA study unit in 1992-95.

Fixed station

East Mahantango 
Creek

Bobs Creek

Kishacoquillas 
Creek

Cedar Run

Bachman Run

Mill Creek

Muddy Creek

Physiographic province 
(section)

Ridge and Valley 
(Appalachian 
Mountain)

Ridge and Valley 
(Appalachian 
Mountain)

Ridge and Valley 
(Appalachian 
Mountain)

Ridge and Valley 
(Great Valley)

Ridge and Valley 
(Great Valley)

Piedmont

Piedmont

Bedrock 
lithology

Siliciclastic

Siliciclastic

Carbonate

Carbonate

Carbonate

Carbonate

Crystalline

Land use/ Planned comparisons 
land cover of water-quality data

Agricultural

   ]

Forested

Agricultural

Urban

Agricultural _

Agricultural   

Agricultural |

  Siliciclastic vs. 
Carbonate

   Agricultural vs. 
Forested

Appalachian 
Mountain 
vs. Great Valley
vs. Piedmont

  Urban 
vs. Agricultural

  Carbonate 
vs. Crystalline
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The seven fixed stations were classified into two types basic and intensive. All of the 
fixed stations were sampled at fixed-time intervals, although the sampling frequency and 
measured water-quality characteristics differed between the basic and intensive fixed 
stations. This difference was a result of the study design. The water-quality data collected 
from basic sites were designed to provide a relatively cursory evaluation of nutrient and 
other inorganic compound concentrations from lower priority subunits. At the basic sites, 
samples were collected monthly and analyzed for concentrations of nutrients and other 
inorganic compounds.

Intensive-site studies were designed with water-quality sampling programs that, in 
addition to nutrients and other inorganic compound concentrations, also provided 
information on the occurrence and magnitude of pesticide concentrations. At the 
intensive sites, stream-water samples were collected every week for the first year (1993) 
and every 2 weeks for the second year (1994).

Both basic and intensive sites were sampled monthly from December through February. 
Samples were collected at the fixed stations over an 18-month period from April 1993 to 
September 1994, in part to establish baseline data for fixed stations and in part to 
determine if seasonal changes occurred in base-flow stream concentrations.

During the spring and early summer of 1994, in addition to the regular fixed-interval 
samples, water-quality samples also were collected from the fixed stations during 
selected high-flow events. The purpose of these samples was to assess concentrations of 
selected constituents during periods when overland runoff was likely to enter the streams 
and stream-water quality was likely to better reflect differences in land use and land 
cover.

In 1995, the third year of intensive data collection, additional data were collected at two 
of the seven fixed stations. Water-quality samples were collected over the hydrograph of 
selected spring and summer runoff events by an automatic sampler. The majority of the 
storms selected followed the application of fertilizer and pesticides in agricultural areas. 
Water-quality samples were collected during these storms to determine the variability of 
constituent concentrations in the streams during storm events when source material is 
expected to be most available.

In addition to the collection of stream-water samples, ecological assessments also were 
conducted at the fixed stations to gather information on the biological communities and 
habitat characteristics that contribute to a conceptual model of factors affecting water 
quality and to improve understanding of the relations among physical, chemical, and 
biological characteristics of streams. Basic ecological assessments were conducted for a 
single stream reach once at each of the four basic fixed stations. At the three intensive 
fixed stations, intensive ecological assessments were conducted. These assessments were 
conducted each year from 1993 to 1995. In 1994, assessments were conducted at three 
reaches at each site.

Intensive ecological assessments were completed at the three intensive fixed stations to 
provide information on spatial and temporal variability of the biological communities and 
habitat characteristics among selected stream segments. Sites for the intensive ecological 
assessment were chosen to cover a range of base-flow water-quality conditions, stream 
sizes, and habitat factors. To measure reach-to-reach variability, multiple reaches 
(minimum of three) were sampled within the stream segment. Year-to-year variability was 
addressed by sampling one of these three reaches each year during 1993 through 1995.

NATIONAL WATER-QUALITY ASSESSMENT PROGRAM 13



The second annual monitoring study conducted in the study unit was the tissue-trends 
study. The study was designed to provide a 3-year baseline dataset of contaminant 
concentrations in fish tissue. Unlike the fixed stations, which were indicator sites, the 
sites sampled for the tissue-trends study were integrator sites. Integration of factors that 
could affect water quality and adequate spatial coverage were the primary criteria used 
for site selection. The sites selected integrate complex combinations of land use, point 
sources, and natural factors. The drainage areas above the sites also are known to 
contribute a range of concentrations of various organic compounds and trace elements.

Five large-river integrator sites were selected for the tissue-trends study. Two are inflow 
sites (one on each of the two main branches into the study unit) and one is the outflow 
site (the inflow to the system of three reservoirs formed by Safe Harbor, Holtwood, and 
Conowingo Dams) (fig. 1). The fourth integrator site is the outflow of the largest tributary 
(the Juniata River), and the fifth is a reference site considered to be least-affected by 
human activities (Deer Creek).

Samples were collected annually at the tissue-trend sites from 1993 through 1995. Tissue 
from two species of fish white sucker and smallmouth bass was analyzed for trace 
elements and selected organic compounds.

Basinwide studies

The purpose of basinwide water-quality and ecological studies was to provide 
information relating to the occurrence and magnitude of measurable water-quality, 
sediment-quality, and tissue concentrations and the characterization of stream ecology 
and water quality using ecological measures. The objective of determining spatial water- 
quality and ecological-quality variability was the focus of designs for basinwide studies.

A basinwide triazine herbicide and nutrient synoptic study was conducted in June 1993. 
The purpose of the study was to characterize the occurrence and magnitude of 
agriculture-related constituents and compounds throughout the study unit and develop a 
mass balance for selected constituents. The study design incorporated the selection of 
indicator and integrator sites that allowed an evaluation of the contribution of specific 
subunits and subbasins within the study unit.

In 1992, a contaminant survey of bed sediment and fish tissue was conducted to 
determine the spatial occurrence of a broad range of organic and inorganic contaminants 
in selected areas that are affected by land use or known point sources. Sites were 
selected to include both indicator and integrator sites. Sites on the main stem of the 
Susquehanna River (large integrator streams) also were included. Available historical data 
were evaluated and used to select sites with known water-quality problems and sites that 
were considered "least-affected," or reference sites. Historical data also were examined 
to determine if some sites could be co-located with those sampled for previous studies 
to provide for temporal comparisons.

Bed-sediment and tissue samples were collected at 5 of the 7 surface-water-quality fixed 
stations and at 1 7 other sites within an areally distributed network. Two of the seven 
surface-water-quality fixed stations were not sampled because of the lack of fine-grained 
depositional materials or the absence of the target fish species. One of the non-fixed- 
station sites was sampled for bed sediment and not tissue because of the absence of the 
target fish species. Bed-sediment and fish-tissue samples were collected at 1 fixed station 
and the 17 other sites from September through November 1992, whereas the 
4 remaining fixed stations were sampled in June 1995.
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A basinwide ecological synoptic study was conducted over three summers from 1993 to 
1995 to provide improved spatial resolution within the study unit and, using historical 
data, to evaluate trends. The data were compared to the ecological data collected at the 
fixed stations and allowed a better evaluation of selected ecological characteristics in 
relation to causative factors, such as land use, contaminant sources, or instream habitat 
conditions. The ecological synoptic study differed from the more comprehensive 
ecological assessments at the fixed stations by targeting specific and more narrowly 
defined conditions for ecological characterization at a greater number of locations. Sites 
were selected largely on the basis of two previous investigations conducted in the 1970's 
and 1980's (Brezina and others, 1980; McMorran, 1986). Sites common to both previous 
studies that were suitable for NAWQA ecological methods were given first priority. Also, 
consideration was given to the spatial distribution of subunits in the study unit in 
selecting sites. Finally, some sites were selected in conjunction with the surface-water 
synoptic studies to address issues of local, regional, or national importance.

Focused synoptic studies

Focused synoptic studies were designed to provide information on specific water-quality 
issues within the study unit or to provide more intensive water- and ecological-quality 
information within selected subbasins generally the basins draining the areas upstream 
of the fixed stations.

In June of 1994 and 1995, two "high-flux" synoptic studies were conducted to define 
the sources and transport of constituents within a selected basin. The studies were 
labeled as "high-flux" because the data were collected during periods when agriculture- 
related constituents such as nutrients and pesticides were most likely to be transported in 
the streams of the study unit. For these studies, stream sites were generally located at the 
mouths of tributaries and along the main stem of the Lower Susquehanna River. Except 
for the fixed-station sites included in the studies, the subunit characteristics of the sites 
were not generally considered; the location within the stream network was the most 
important criteria in selecting sites. Water samples were analyzed for nutrient, other 
inorganic compound, and pesticide concentrations.

Focused synoptic studies also were conducted in five of the basins where fixed stations 
were located to provide a basis for explaining observed water-quality conditions at the 
fixed stations and to determine sources of constituents measured at the fixed stations. 
Due to a multitude of water- and ecological-quality issues identified in the basin, the 
Cedar Run Basin was the subject of four separate focused synoptic studies from 1994 
through 1995. Three of the studies were conducted to determine the distribution and 
sources of nutrients, other inorganic compounds, volatile organic compounds (VOC's), 
and pesticides in the water. In addition, a synoptic survey was conducted to determine 
the spatial variability of ecological characteristics within the basin. Sites were generally 
selected along the main stem of Cedar Run between tributaries and near the mouths of 
tributaries. This design allowed the development of a generalized mass balance for the 
constituents of concern during the sampling period.

Four other fixed-station basins Bachman Run, Kishacoquillas Creek, Muddy Creek, and 
Mill Creek were the subjects of focused synoptic studies to determine the distribution 
and sources of nutrients, other inorganic compounds, and pesticides in the streams and 
their tributaries. Sampling sites were selected in a manner similar to those selected for 
the Cedar Run Basin studies and similar methods were used to describe the data.
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Finally, a focused synoptic study was undertaken within the lower Mahanoy Creek Basin 
to describe the occurrence and distribution of trace metals commonly associated with 
mine drainage in the lower Mahanoy Creek. Three regularly spaced sites along the main 
stem of lower Mahanoy Creek were sampled. The study design provided an opportunity 
to compare changes, in a downstream manner, in concentrations of trace metals in the 
water column and the bed material, as well as in the armored material removed from 
rocks on the streambed. Concentrations of trace metals in fish tissue from one site also 
were measured.

Subunit synoptic studies

Subunit synoptic studies were conducted in six subunits in 1994 and 1995 (fig. 5) to 
help determine the representativeness and transferability of water-quality data collected 
at the fixed stations (table 4). The studies were designed to enhance the development of 
a regional water-quality pattern within the study unit on the basis of subunit 
characteristics. For these studies, sites were selected so that the subunit characteristics 
(physiographic province, bedrock lithology, and land use) of the synoptic site basins 
would be similar to those of the basin drained by the stream at the fixed stations. 
Qualitative analyses of these characteristics were used in the selection process. 
Depending on the area of the subunit and the availability of streams that met the 
selection criteria, between 10 and 17 sites were selected for sampling in each of the 
subunits with fixed stations. Samples collected for the subunit synoptic studies were 
analyzed for nutrients, other inorganic compounds, and pesticides

Data-collection methods

The surface-water-quality studies described in this report included collection of stream- 
water, streambed-sediment, and biota samples and assessment of habitat along stream 
reaches. Hundreds of water-quality characteristics were measured in the field or 
laboratory. The tables in Appendix B (at back of report) provide a comprehensive list of 
all water-quality characteristics measured in these studies. Methods of data collection are 
described in the following sections.

Stream-water samples

General guidelines for the methods used to collect and process stream-water samples are 
described by Shelton (1994). More specific pesticide sample processing and equipment 
cleaning procedures are described by Manning and others (1994, p. 3-13). All routine 
samples were collected with a DH-81 sampler and teflon 1 or glass bottles using the 
equal-width-increment (EWI) and depth-integrated methods. For large rivers or high 
flows, a D-77 TM sampler suspended from a bridge rig and 3-L teflon bottles were used. 
A teflon cone (decaport) splitter was used exclusively for sample splitting. Samples for 
organic analysis were filtered through a 0.7-um glass-fiber filter. A teflon diaphragm 
pump and teflon tubing were used to force the sample through the plate filter. Samples 
for organic carbon analysis were filtered through a 47-mm-diameter 0.45 Jim silver filter 
in a stainless steel chamber pressurized by nitrogen gas. All sampling and processing 
equipment was rinsed with native water before use. The fixed-endpoint method was 
used for alkalinity titrations. Dissolved oxygen measurements were made using a meter 
during all years of data collection. From 1993 to 1995, additional stream water was 
collected for the determination of dissolved oxygen by the Winkler titration method.

1 The use of trade or brand names in this report is for identification purposes only and does not 
constitute endorsement by the U.S. Geological Survey or the Federal Government.
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Table 4. Subunits of the Lower Susquehanna NAWQA study unit studied in 1 992-95

Physiographic 
province

Piedmont

Piedmont

Ridge and Valley

Ridge and Valley

Ridge and Valley

Ridge and Valley

Physiographic section

Upland

Lowland

Appalachian Mountain

Appalachian Mountain

Great Valley

Great Valley

Bedrock 
lithology

Crystalline

Carbonate

Siliciclastic

Carbonate

Carbonate

Mixed 1

Land use/ 
land cover

Agricultural

Agricultural

Forested

Agricultural

Agricultural

Urban

Corresponding fixed 
station

Muddy Creek

Mill Creek

Bobs Creek

Kishacoquillas
Creek

Bachman Run

Cedar Run

1 The Cedar Run Basin is underlain by predominantly carbonate bedrock.

Sample-collection methods described in Shelton (1994) and Manning and others (1994) 
were used for the collection of stream-water samples in the study unit with the following 
exceptions:

  Samples were composited by pouring each aliquot directly into the cone splitter. 
A stainless-steel milk can was not used for compositing samples.

  Following the first year of data collection (1992), samples were collected using 
standard methods but were processed on either the same or next day in the 
USGS Pennsylvania District laboratory. Streamflow, water temperature, air 
temperature, specific conductance, pH, dissolved oxygen, and barometric 
pressure measurements were made at the field site at the time of sample 
collection.

  Processing and preservation chambers were not used. Sample processing and 
preservation were completed in a closed vehicle during 1992 and in the 
Pennsylvania District laboratory in 1993 through 1995.

  All inorganic samples were filtered using a 142-mm-diameter aluminum plate 
filter stand with a 0.45-|im membrane filter.

  From 1993 to 1995, methanol was not used to rinse cleaned equipment.

  Because samples were not analyzed for trace metals, a 5-percent hydrochloric 
acid rinse was not used.

In addition to the EWI stream-water samples collected on a routine basis, a non- 
refrigerated automatic pumping sampler with teflon-lined intake tubing was used to 
collect samples over storm hydrographs at two of the fixed stations (Cedar Run and 
Bachman Run). The guidelines suggested by Shelton (1994, p. 17) for automatic samplers 
were followed.

All laboratory analyses were performed at the USGS National Water-Quality Laboratory 
(NWQL) in Arvada, Colo. Laboratory analytical methods are documented in Fishman and 
Friedman (1989) for nutrients and ions and Sandstrom and others (1992), Zaugg and 
others (1995), Lindley and others (1996), and Werner and others (1996) for selected 
pesticide compounds.

The methods used for sample collection and processing for synoptic studies were 
identical to those used for samples collected at the fixed stations with two exceptions. 
For the synoptic studies, samples were collected by hand instead of pumping samplers,
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and the EWI and depth-integrated sampling techniques were not used at streams with 
small widths or shallow depths. In these instances, a sample was dipped from the 
centroid of flow. Laboratory analytical methods for synoptic studies were identical to 
those used for samples from the fixed stations, with the exception that no samples were 
collected and analyzed for pesticides by high-pressure liquid chromatography (HPLC), 
and, at selected sites, analysis for major ions was not performed.

Streambed-sediment samples

Sampling methods for streambed sediment are described by Shelton and Capel (1994). 
Stream reaches sampled for streambed sediment extended about 100 m in length above 
a stream-water-sampling or streamflow-measurement site. Where available, 5-10 
wadeable "depositional zones" where fine-grained particles accumulate on the 
streambed were sampled. If possible, the depositional zones included areas along both 
banks of the stream and in the center of the channel. Each depositional zone was 
subsampled several times and the subsamples were composited with samples from other 
depositional zones in the same reach. Streambed material collected at each site was 
composited to smooth out the local-scale variability and to provide an average 
contaminant concentration at the site. To avoid possible contamination of the samples, 
sample-collection equipment made of teflon and glass was used and powderless latex 
gloves were worn when the sampling and processing equipment were handled.

Once composited, the streambed sample was split into three discrete subsamples, and 
each subsample was processed separately for analysis of organic compounds (PCB's and 
organochlorines), trace elements, and particle size. The first subsample for trace elements 
and major ions was sieved into a glass bowl through a 63-|um nylon cloth secured on a 
plastic frame. The sieved material was then transferred to a plastic container. The second 
subsample was sieved through a 2-mm stainless-steel sieve into a pre-washed organic- 
free glass container and analyzed for organic compounds, total organic carbon, total 
inorganic carbon, and percent moisture. The third subsample was sieved through a 2-mm 
stainless-steel sieve into a plastic container and analyzed for particle-size distribution, 
which determined the percentages of material less than 2 mm, 63 |um, and 4 |um.

Streambed-sediment samples to be analyzed for organic compounds, carbon, and 
percent moisture were chilled and shipped to the USGS NWQL for analysis. Samples for 
trace-element analysis were initially dried in the Pennsylvania District Sediment 
Laboratory and then shipped unchilled to the USGS Geologic Division Laboratory in 
Lakewood, Colo. Particle-size samples were processed in the Pennsylvania District 
Sediment Laboratory. Laboratory analytical methods for organic compounds in bed 
material are documented in Foreman and others (1995) and Furlong and others (1996). 
Analytical methods for trace elements are given in Arbogast (1990). Methods for analysis 
of sediment particle size are described by Guy (1969).

Biota samples

General guidelines for studies of contaminants in biological tissues are described by 
Crawford and Luoma (1994). In the Lower Susquehanna study unit, white sucker 
(Catostomus commersoni) was selected from the NAWQA target taxa list for assessment 
of contaminants in tissue because it is widely distributed. Although the Asiatic clam 
(Corbicula fluminea) is the primary species of choice for both organic contaminants and 
trace elements, its distribution within the study unit is sparse. Smallmouth bass 
(Micropterus dolomieui} also were collected to assess contaminants in tissue because of 
its predatory feeding habits, recreational importance, and interest by state agencies.
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Collection methods for fish were not quantitative; therefore, the sampling equipment 
most appropriate for the particular site conditions was used. The two primary fish- 
collection techniques were seining and electrofishing (backpack, tow barge, or boat). 
Once collected, fish were euthanized by a blow to the head and rinsed of debris and 
slime with native water. Fish were then identified to the species level, weighed, measured 
for total and standard length, and examined for external anomalies, such as tumors, 
lesions, parasites, and diseases. At this time, scales and/or pectoral fin ray samples were 
collected to determine the age of each fish. Powderless latex gloves were worn at all 
times when fish were handled.

The ideal fish-tissue sample was a composite of eight whole fish for analysis of selected 
organic compounds (PCB's and organochlorine pesticides) and eight liver specimens for 
analysis of trace elements. When an ideal fish-tissue sample could not be obtained, the 
minimum amount composited for a sample was five whole fish or five livers. All fish 
collected for a given sample were of similar total length.

For analysis of organic compounds, fish were dissected with a stainless steel scalpel 
blade (precleaned with methanol), examined for gender, and individually wrapped in 
heavy-duty aluminum foil (dull side towards fish). Each individual fish was placed into a 
labelled polyethylene bag and then in another polyethylene bag labelled on the outside. 
Following processing, all fish samples were placed on dry ice at -20°C at the field site in 
preparation for shipment to the analytical laboratory. When long-term storage was 
necessary, the samples were stored in a freezer.

For analysis of trace elements, the body cavity was opened with a stainless steel scalpel 
blade precleaned with nitric acid. Gender was determined. The liver tissue was exposed 
with a plastic forceps and excised by means of a second precleaned stainless steel 
scalpel blade to eliminate possible contamination from outside the body cavity. Caution 
was used so as not to puncture the gall bladder or contact any other organs. The 
dissected livers were placed into a precleaned and preweighed 125-mL glass jar. The jar 
and livers were then weighed and the weight recorded. A sample weighing 5 g was 
considered minimally acceptable, and a 10-g sample was optimal. The sample jar was 
labelled with the site identifier, date, location, species name, and the analyses to be 
performed and placed into a similarly labelled locking plastic bag. The bagged sample 
was placed into dry ice at the field site and shipped frozen to the laboratory. Samples 
held for long-term storage were placed into a freezer.

Laboratory analyses of fish tissue were performed at the USGS NWQL in Arvada, Colo. 
Laboratory analytical methods are documented in Leiker and others (1995) for 
chlorinated pesticides, and in Hoffman (1996) and NWQL Technical Memorandum 
93-08 (M.W. Shockey, U.S. Geological Survey, Arvada, Colo., written commun., 1993) for 
trace elements.

Assessment of habitat and biological communities

Habitat assessments involved the collection of three major taxonomic groups benthic 
algae, benthic invertebrates, and fish. Each of these groups responds differently to a 
variety of environmental stresses. Algae respond more quickly to changes in their 
environment and serve as good indicators of rapid water-quality changes. Benthic 
invertebrates (aquatic insects, mollusks, worms, crustaceans) react to water-quality 
changes throughout their life cycles of several months to several years in the water 
column and sediments and characterize changes in water quality very well over small 
spatial areas. Fish are long-term indicators of biological conditions because of their long 
life span (years to decades) and can be of considerable economic and recreational 
importance.
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Habitat assessments were conducted along stream reaches, where stream, bank, and 
floodplain habitat were determined to be representative of the local area. Assessment 
reaches were located near fixed stations where stream-water samples were collected. At 
each fixed station, collections of biological communities and characterizations of riparian 
and instream habitat conditions were conducted for at least one reach. The length of the 
sampling reach was dependent on a combination of factors, such as geomorphology and 
meander wave length (Meador and others, 1993a). For wadeable streams, reach length 
ranged from 150 m to 500 m to ensure that the reach was of sufficient length to be 
representative of the fish community.

Both the algal and benthic invertebrate communities were sampled by collecting three 
distinct sample types from habitats within the designated reach (Porter and others, 1 993; 
Cuffney and others, 1993a). Two types of semi-quantitative samples were collected to 
provide information on taxa presence and abundance for two targeted habitats: riffle 
habitat, which is designated richest targeted habitat (RTH) because it generally yields the 
richest number of taxa; and, at fixed sites, pool or depositional habitat, called 
depositional targeted habitat (DTH). In addition, a qualitative multiple habitat (QMH) 
sample was obtained for both communities from all habitat types within the reach. This 
QMH sample was composited to provide a more complete taxa list than the RTH and 
DTH samples.

The fish community was sampled by electrofishing or seining to determine species 
presence and abundance (Meador and others, 1993b). Following capture, fish were 
identified to the species level, measured for length and weight, examined for external 
anomalies (tumors, lesions, parasites, and/or diseases), and released.

Habitat characterizations of the channel, bank, and flood plain features followed a spatial 
hierarchy that incorporates basin, stream segment, stream reach, and cross-section 
descriptors (Meador and others, 1993a). Basin-level descriptors, such as ecoregion, 
physiographic province, geology, soils, climate, and land use were recorded for each site 
as part of the environmental-framework characterization. Stream-segment data, including 
information on stream meandering, gradient, elevation, and water-management features, 
were obtained primarily from USGS 1:24,000-scale topographic maps and CIS data 
layers. At the intensive fixed sites and all ecological synoptic sites, a first level (level I) 
habitat characterization was conducted, including geomorphic channel units (riffle, run, 
pool), as well as physical features of the bank, channel, flood plain, and vegetation 
(terrestrial and aquatic). Other cross-section characteristics were measured, including 
substrate particle size, water depth, velocity, embeddedness, and canopy angle. In 
addition, at all basic fixed stations, a more detailed (level II) habitat characterization was 
done to provide additional quantitative data on geomorphic and hydraulic properties that 
are critical to the evaluation of temporal changes in the environmental setting and stream 
habitat.

Reach assessments were done annually at each intensive fixed station during 1993 
through 1995, during similar hydrologic and seasonal conditions for all sites. Scheduling 
of sample collection was dependent upon factors such as hydrology, life histories of the 
aquatic communities, accessibility of sites, and other logistical considerations.
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Ground-Water-Quality Studies

Two types of ground-water studies were conducted in the study unit during the first 
high-intensity phase of study land-use studies and subunit surveys (table 5). Land-use 
studies are intended to examine natural and human factors that affect the quality of 
shallow ground water underlying specific types of land use (Lapham and others, 1995). 
Subunit surveys are designed to provide an overview of water-quality characteristics 
within a subunit, independent of land use.

In the Lower Susquehanna study unit, land-use studies were conducted in four subunits 
of homogeneous physiography, bedrock lithology, and land use (fig 6). On the basis of 
high priority water-quality issues, previously discussed, four areas underlain by carbonate 
bedrock were targeted for the ground-water land-use studies three agricultural areas 
and one urban area. In addition, two subunits were targeted for ground-water subunit 
surveys areas of the Piedmont physiographic province underlain by crystalline bedrock 
and areas of the Appalachian Mountain Section of the Ridge and Valley Physiographic 
Province underlain by siliciclastic bedrock. These two subunits contain a mixture of land 
uses, including agricultural, forested, and urban.

Each ground-water-quality study was conducted over a 2- to 3-week time period in mid­ 
summer to assess ground-water-quality conditions after annual application of manure, 
commercial fertilizers, and pesticides in each of the targeted subunits. Also, this time 
frame is coincident with the surface-water subunit synoptic studies, thereby allowing for 
valid comparisons of ground- and surface-water-quality data. Two of the six ground- 
water-quality studies were conducted each summer for 3 years, from 1993 to 1995, and 
each well was sampled once. The methods employed for selection of wells and 
collection and processing of ground-water samples were identical for both types of 
studies.

The majority of the wells sampled for the ground-water-quality studies were existing 
domestic supply wells. The first step in locating wells to sample was to select potential 
sampling areas within each subunit. Initially, remote outlying areas of targeted subunits 
were eliminated from consideration for sampling because of the potential that the water- 
quality samples obtained in these areas would not be representative of the subunit. Next, 
a CIS-based site-selection algorithm developed by Scott (1990) was used to subdivide 
each subunit into 20 or 30 equal-area cells and to locate candidate sampling locations. 
The algorithm randomly identified one primary and two alternative locations in each cell; 
these locations were used as starting points to search for wells that met the established 
criteria for domestic supply wells.

Well-selection criteria land use, well construction, owner cooperation, sampling-point 
accessibility, and well yield helped ensure that wells were viable for sampling and 
ground-water samples collected were representative of shallow ground-water conditions 
for the targeted subunit. Land use was verified on the first visit to a selected area. Wells 
were chosen in homogeneous land-use settings so that land use could be used as an 
explanatory variable in the interpretation of water-quality data.
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If the area selected met the land-use criteria, state well records were searched to find 
wells in that area that met the well-construction criteria. The construction criteria 
included the type, depth, and age of the well. Wells for the sampling network were open 
boreholes, drilled and completed in bedrock aquifers, and cased with a steel or PVC 
casing. The maximum depth criteria for a well to be included in the network was 200 ft. 
This depth was chosen to sample shallow water-bearing zones that would most likely 
represent the overlying land use. Additionally, a maximum age limitation of 20 years was 
established to avoid wells that had deteriorated over time. In some cases, slightly older or 
deeper wells were selected. Driller's logs were obtained for 127 of 169 wells. Wells that 
had pressure tanks with an air/water interface were avoided.

When a suitable well was identified, a 20-minute single-well pumping test was conducted 
to ensure adequate yield for the sampling and calculate the specific capacity of the well. 
Wells that had excessive drawdown were not sampled. If all well-selection criteria were 
met, the site was added to the sampling network.

In the Great Valley carbonate urban subunit, the distribution of existing wells was not 
sufficient to conduct the sampling. Monitoring wells were drilled in those parts of the 
subunit where domestic supply wells were not available. Wells were drilled using the air- 
rotary drilling technique. Basic construction protocols for the NAWQA program were 
followed (Hardy and others, 1989). Specific drilling procedures included drilling a 12-in. 
borehole to a depth of 20 ft, or into competent bedrock, setting an 8-in. steel casing into 
the borehole, and then drilling an 8-in. borehole to the first water bearing zone. At this 
point, caliper, gamma, fluid-resistivity, temperature, and electrical downhole geophysical 
logs were run to help identify water-bearing zones. When logging was completed, a 4-in. 
PVC well was constructed within the 8-in. borehole with 10 ft of 0.01-in. slotted screen 
at the water-bearing zone and sand pack of number-one quartz sand spanning the 
screened interval. The annulus of the 8-in. hole above the screen was sealed with 
bentonite pellets, then grouted with a cement-bentonite slurry to the land surface. The 
annulus outside the 8-in. steel casing also was sealed with bentonite pellets and grouted 
to the land surface with the cement-bentonite mixture.

Two unused wells were located that did not meet the age-limit criteria for sampling but 
met all other criteria. For these two wells, geophysical logs were conducted to identify 
the characteristics of the open borehole. Then, a 2-in. PVC well was constructed inside 
the existing borehole with 20 ft of 0.01-in. slotted screen and sand pack of number-one 
quartz sand spanning the screened interval. The annulus of the 6-in. hole above the sand 
pack was sealed with bentonite pellets, then grouted with bentonite chips to the land 
surface.

Data-collection methods

The sampling procedures employed for the ground-water synoptic studies are described 
by Koterba and others (1995). Before sample collection, all sampling equipment was 
thoroughly cleaned. Sampling lines and hoses were cleaned by circulating a soap solution 
through the entire system with a peristaltic pump for 10 minutes. The lines were then 
rinsed with 3-4 gal of deionized water. All sampling and preservation chamber stands 
were washed with deionized water, and the bags covering the chamber were replaced. 
All filter assemblies were washed with a soap solution and rinsed with deionized water, 
with the exception of the dissolved organic carbon (DOC) filter, which was washed with 
deionized water and rinsed with blank water supplied by the USGS NWQL Cleaned 
equipment was wrapped in aluminum foil and placed in clean plastic bags.

NATIONAL WATER-QUALITY ASSESSMENT PROGRAM 25



Before sample collection began, the static water level in the well was recorded. The pH 
meter, specific conductance meter, and the dissolved oxygen meter were each calibrated 
and the pH, specific conductance, dissolved oxygen, and temperature probes were 
placed in a flow-through chamber to measure field properties during purging. The 
minimum purging criteria was one well volume for domestic supply wells and three well 
volumes for monitoring wells and unused wells. Field-property stability was checked once 
the well-volume criteria had been met. Field property stability was defined as +/- 0.2°C 
for temperature, +/- 10 u,S/cm for specific conductance, +/- 0.1 pH units for pH, and 
+/- 0.2 mg/L for dissolved oxygen. Once three consecutive field-property readings were 
within the established limits for all four field properties, sample collection began.

Samples were collected by filling containers in a sampling chamber made by placing a 6- 
mil polyethylene bag over a PVC frame. All bottles were filled inside the sampling 
chamber to minimize the potential for contamination by dust or other atmospheric 
contaminants. Holes were cut in the bag for the inflow hose, waste discharge, and access 
for sampling. Powderless latex gloves were worn during sampling and changed 
frequently.

To begin sampling, flow valves were switched to route the water into the sampling 
chamber and the sampling lines were flushed out for several minutes. For samples 
collected for organic analysis, all sampling lines and connections between the faucet and 
the sampling chamber were teflon or stainless steel. Except for baked bottles, all bottles 
were rinsed three times with pumped ground water before filling. Samples were 
collected at each site for analysis of field alkalinity, VOC's (Rose and Schroeder, 1995), 
pesticides by gas chromatography/mass spectrometry (GCMS), pesticides by HPLC, 
methylene blue active substances (MBAS) (Burkhardt and others, 1995), tritium, 
deuterium/oxygen isotopes, bacteria (total coliform, fecal coliform, fecal streptococcus, 
and Escherichia coll (E. co//)), DOC, major ions, nutrients, uranium, and radon. The tables 
in Appendix B (at back of report) list the constituent name, WATSTORE code, analytical 
method, minimum reporting level, and reporting units for each analyte for each analytical 
grouping used for ground-water samples.

The samples for analysis of pesticides were filtered using a 142-mm diameter glass fiber 
filter with openings 0.7 u,m in size. The samples for pesticide analysis by GCMS were 
processed in the Pennsylvania District lab following the guidelines in Shelton (1994) and 
Manning and others (1994). The DOC sample was collected and filtered with a stainless 
steel filter assembly and a 47-mm diameter silver filter membrane with openings 0.45 urn 
in size. Filtration was done by pressure of nitrogen gas. The filter used in the 1993 
sampling for major ions, nutrients, and uranium was a cellulose-nitrate filter with 0.45-um 
openings, 142 mm in diameter, in an acrylic plate filter stand. In 1994 and 1995, a 0.45- 
u,m pleated, disposable, encapsulated filter was used due to a change in protocols. The 
radon sample was collected last using a length of tygon tubing and a syringe (U.S. 
Geological Survey, Office of Water Quality Technical Memorandum 88.02, written 
commun., 1988). An additional 125 ml of water was collected and filtered for field 
analysis of nitrate with a spectrophotometer (Hach Company, 1992). Also, a 250-mL 
sample of filtered and acidified water for major-cation analysis and a 1-L raw-water 
sample were collected for archive purposes.

Samples were preserved and treated immediately after collection. The sample for VOC's 
was treated with a 1:1 hydrochloric acid (HCI) solution (1993 and 1995) to reduce the 
pH to 2. In 1994, a concentrated HCI solution was used to treat the samples for VOC's. 
The nutrient sample was preserved with 0.05 ml of mercuric chloride (HgCI2 ) in 1993
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and 1994; samples collected in 1995 were preserved by chilling only (Patton and Truitt, 
1995). The sample for major cations was treated with 1 ml of nitric acid, and the sample 
for uranium was treated with 2 ml of nitric acid.

Alkalinity titrations were conducted on raw water samples. Both fixed-endpoint and 
incremental titrations were conducted using a digital titrator (Wood, 1976). Total 
coliform, fecal coliform, and fecal streptococcus were analyzed according to Britton and 
Greeson (1989). A blank plate was prepared for each type of analysis using a sterile 
funnel and sterile buffered water prior to processing each ground-water sample. Aliquots 
of 100 ml were filtered, and filter membranes were transferred to a petri dish containing 
the appropriate agar medium and placed in incubators. Two plates were prepared for 
each type of bacterial analysis. Membranes that were positive for total coliform were later 
transferred to another medium for E. coli confirmation testing in accordance with 
methods described by the U.S. Environmental Protection Agency (1991 a). When sample 
preservation and processing were completed, the equipment cleaning procedures were 
repeated.

Quality Assurance

Because sources of bias and variability in water-quality data can be introduced during 
sample collection and processing, a quality-assurance plan as described by Shampine and 
others (1992) was developed and followed. To ensure that water-quality data were of 
sufficient quality to meet the objectives of the NAWQA Program, a series of quality- 
control samples (field blanks, replicates, and field-matrix-spike samples) were collected 
(Shelton, 1994).

In the Lower Susquehanna study unit, surface-water quality-control samples were 
collected at a ratio of about one for every five environmental samples. Generally, the 
ratio of environmental sample replicates (spiked or unspiked) to field blanks was about 
2:1.

For the ground-water-quality studies, blank samples were collected at 10 percent of the 
sites. An equipment blank was prepared at the beginning of the first year of sampling; all 
subsequent blanks were field blanks collected to confirm equipment decontamination 
procedures. Following the collection, processing, and cleaning of sampling equipment at 
selected wells, the equipment was set up and blank samples were collected. The 
peristaltic pump used for cleaning was used to pump the blank water through the 
sampling lines. Inorganic-grade water was used for blank samples for major ions, 
nutrients, MBAS, uranium, and radon. Pesticide-grade water was used for blank samples 
for pesticides and DOC. VOC-grade water was used for VOC blanks.

Replicates or spiked replicates were collected at 10 percent of the sites immediately 
following collection of the environmental samples. Replicate samples were collected for 
major ions, nutrients, MBAS, uranium, DOC, and radon. Replicates for pesticides and 
VOC's were spiked with 100 [jl of a solution prepared specifically for these analytical 
groupings by the USGS National Water-Quality Laboratory.

Procedures for the quality assurance of biological data described by Cuffney and others 
(1993b) for collection and processing of biological samples were followed. Taxonomic 
data were developed and verified, and voucher collections were created and maintained 
by the USGS Biological Unit in Arvada, Colo. Replicate fish-tissue samples were collected 
at 10 percent of the sites and voucher specimens were collected at each site to 
document taxonomic accuracy.
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APPENDIX A - SITE AND BASIN CHARACTERISTICS, BY WATER-QUALITY STUDY

[Basin characteristics: bedrock type is defined as the most predominant generalized lithology within a basin (and 
underlies at least 50 percent of the basin), with mixed indicating that no single lithology is predominant; land use is 
defined as the most predominant land use/land cover that occupies at least 40 percent of a basin, with mixed 
indicating that no single land use/land cover category is predominant.]
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Figure A-13. Locations of sites sampled for the Bachman Run synoptic study.
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Agricultural subarea underlain by 
carbonate bedrock in the Appalachian 
Mountain Physiographic Province

Figure A-24. Locations of sites sampled for the Appalachian Mountain carbonate agricultural ground- 
water land-use study.

NATIONAL WATER-QUALITY ASSESSMENT PROGRAM 93



§1 
11
C DO
£ .E
2 D. 
£ CO

o-i

CO tx

§ c1°
ro X"

rx
*   o 2 71 

| c I o

!fl!
111.2
Oj"u °- ^

"5 D? ^ £ 

-^ U

-  e 2

CD 2
Q)"

 0 
  z

££
> <uI g u «

-D £
ro c

go

co cu _o .o
.

 ^ U

.8} o; o vt= CD 3

"re re
E E
o p

js< J I3

5io-3
< re ±1 (j

£   C£ Fsj
JQ Cl T  T 
(B .*; IX fx
H !±L ro ro

o u 
D ^ ~o

> c
O

CLOi 'S' 
T3 01

-
3-S
 

01 T3
T3 3
.±i '5fa

O c

^5 E

01

1
o 
o 
D

00 
ro

oi
Oi

o 
o

U
Z 
Z
LO 
IX
0 
ro

O 
rr 
IX

5 *r
ro
IX

5946/07

Oi

C
12.
c 
re

U

tN

00 
01

'734410

3959460;

one and dolomite

01

o
(N

m
IX
cri

CO
&

C£ 
^
U
C£
IX
0 
ro

O

rx

Oi 
ro<r
ro 
tx

3117/07

o

c
12.
c 
re

U

ro

00 
Q£

'734390

4001170;

Ol

0
o 
D

o
tN

00 
00
Oi

Cl 
CN

^
CO

LU

IX
ro

O
Oi
IX

tN 
IX 
tN 
IX

3252/07

o

T3
C
re
01 

-Q

3
U

U

IX
o

D 
U

'727210

4002520;

Ol

o
01

o
tN

c? cri

CN 
CO

U 
D
C/l

IX
ro

O
m
0

m
rr 
tx
tN 
IX

)514/07

o

T3

re
01 

-Q
E
3 
U

U

00
o
^)
U

'727450

4005140;

one and dolomite

0)

o
tN

Oi
IX
Oi

LO^3-

C£
v:
U
C£
IX
vC 
ro

O 
O 
0

o
ro 
Oi 
tN 
IX

)604/07

o

T3

re
01 

-Q
E
U

U

Oi
o
D 
U

'729300

4006040;

one and dolomite

01

0 
tN

tN
Oi 
CTl

CO
Cl

CL

fc 
TT
O 
ro

O
Oi
U1

tN 
tN 
0 
tN 
IX

)746/07

o

 D

ra

01
-Q
E 
3 
U

u

o

U

'726220

4007460;

one and dolomite

01

00
o

CO
Oi

vO
rx

C£
^
U
C£ 
IX
0 
ro

O 
Oi 
rr

00
m
Oi 

rx

125/07

o

"D

C
re
01

-Q

U

U

D 
U

'719580

4011250;

one and dolomite

OJ

o
tN

oi
Oi

CN
vO

C£
v:
U
c*
IX
vD 
ro

0
O 
0

o
ro 
tN

)853/07

o

T3

re
01

-Q

1
U

U

tN

U

'7230101

4008530;

01

I
o 
o 
D

o
0

o
Oi 
Oi

CN
vO

^
CO

LU

ro

O 
ro 
0

tN 
U1
Oi

)754/07

o

T3

re
01

-Q 
E

U

U

ro

U

'719520

4007540;

01

E
o 
o 
D

U1
TT

m
00
Oi

rx^3-

Z
LO

£

ro

O 
O
IX

U1 
U1
O 
tN

O 
x,
m
U1

O

T3

re
01

-Q 
E
U

0

U

TT

D 
U

'720550

4005150;

one and dolomite

01

00
o 

"3-
IX
Oi

o
Cl

C£
U
N

ro

m 
m
o

tN 
U1
in
tN

)649/07

o

-D

re
01 

-Q
E
3 
U

U

IX

U

'7255201

4006490;

one and dolomite

01

ro *r

Oi
IX
Oi

O 
v£>

C£
U
N

ro

O
O 
0

tN
m

)905/07

o

T3

re
01

.a 
E
U

tN

U 

m

U

'715210

4009050;

one and dolomite

01

Oi 
00

o
00
Oi

ro 
CN

C£
U
N

ro

m
tN
0

IX

rx

)835/07

o

T3

re
01

.a 
E
3 
U

ro

U 

0

D 
U

'717170

4008350;

0)

1
o 
o 
D

o
vD

Oi 
00 
Oi

0
o

^
m
LLJ

ro

U1
00
in

TT 
TT
ro

)835/07

o

T3

re
01 

_Q 
E

U

TT

U

IX

D 
U

'7134401

4008350;

0)

1
o 
o 
D

o
IX

00 
00
Oi

o
O

M
m
LU

ro

O 
tN
m

tN<r
Oi
o

)937/07

o

-D

re
01 

_Q
E
3 
U

U1

U 

0
tN

U

'709420

4009370;

one and dolomite

01

Oi
IX

ro
Oi 
Oi

ro 
O

C£
v:
U
C£
IX
O 
ro

O 
00 *r

IX
tN 
U1

136/07

o

T3

re
01 

_Q
E 
U

0

U

00

D 
U

'7152701

o
0 
ro

O 
<*

0)

1
o 
o 
D

tN
O

IX
00
Oi

LO

o

V
CO

LLJ

IX
ro

t
tN 
U1

tN

*T

O

)942/07

o

T3

re
01 

_Q
E
3 
U

IX

U

Oi

D 
U

'704120

4009420;

one and dolomite

01

o  *r

IX
00
Oi

CN 
O

CL

fc 
TT
O 
ro

O 

5

tx
ro 
tN
O

400/07

o

T3

re
01 

_Q 
E

U

00

U 

o
tN

D 
U

'702370

4014000;

one and dolomite

0)

rx  *r

U1 
IX
Oi

CN
vO

CL
fc 
TT
O 
ro

mrj-
TT

O
m 
m
o

242/07

o

T3
C
re
01 

_Q
E 
3 
U

cri

U

tN

D 
U

'705500

4012420;

CJ'I

o 
o 
D

0
o 

o
00
Oi

o
CN

^
CO

LLJ

IX
ro

O 
Oi *r

o 
m
o

)946/07

o

T3

re
01

_Q 
E

U

o

U

tN 
tN

D 
U

'701560

4009460;

0)

1
o 
o 
D

o
00

Oi 
00 
Oi

LO

CN

^
CO

LLJ

IX
ro 

O
in 
in

Tf

0
o

011/07

o

-D

re
01 

_Q
E 
3 
U

U

ro 
tN

D 
U

'706140

4010110;

CJ'I

o 
o
D

Oi 
00

Oi
IX
Oi

LO

CN

Z
LO

£
IX
ro

O 
in 
in

tN
m
00 
O

)738/07

o

T3
C
re
01 

_Q
E 
U

tN

U 

 *r
tN

D 
U

'708520

4007380;

one and dolomite

CJ

o  *r

00 
IX
cri

O
CO

Z 
_i
Z
O
TT
O 
ro

O
IX
ro

00 
O *r
TT

445/07

o

Ic 
CL
3 
re 
D

ro

U 

TT

<
D

'644080

4014450;

<u

0 
0
D

m
00

00
Oi

LO

fx

U
Z 
Z
tn
IX
vO 
ro

O
IX *r

00
o
0 
ro

639/07

o

0 

re-8

rr

U 

5

CD

'636080

4016390;

one and dolomite

cG 
E

 *r
U1

U1 
IX
cri

O
CN

D 

U
CxL

IX
ro

ro 
rr
U1

5 

tN

945/07

o

0

re
_Q 

01

m

U

tN 
0

CO

'6214101

4019450;

0)

0
o 
D

o  *r

U1
Oi 
Ol

O
o

U
Z 
Z
LO 
IX
0 
ro

Oi
IX
t

Oi 
ro
tN 
ro 
vD

732/07

o

0

re
-C 

01

o

U

ro 
0

CD

'6323901

401 7320;

one and dolomite

Ol
E

ro
IX

00 
00
cri

O
LO

D 
U
C£

IX
ro 

rr
o in

o 'sr
IX
tN 
O

O

O
U1 
IX

O

0

re
_Q 

01

IX

U 

 *r
vC

CD

'627460

4017500;

one and dolomite

<£

S

m
IX
cri

LO

C£

LLJ 
IX
0 
ro

O
00^1-

tN 
tN
Oi 
tN 
0

916/07

o

0 

re
_Q

5

00

U 

in
0

QQ

'629220

4019160;

one and dolomite

CJ
E

tN
00

IX
00
cri

rx
CO

U 
Q_
CD 
t
IX
ro

O 
ro
U1

00 
ro 
ro 
tN 
0

808/07

o

o 
re

_Q 
01

cri

U

vC 
0

CD

'623380

4018080;

one and dolomite

in
Ol
E

o 
o

CO 
00
CTl

CO 
LO

U
Cu

QQ 
t
IX
ro

O 
tN 
vD

Oi

tN 
tN 
vD

713/07

o

0 

re-8

o

U

IX
0

CD

'622190

4017130;

94 NATIONAL WATER-QUALITY ASSESSMENT PROGRAM



E
X

P
LA

N
A

T
IO

N

LA
N

C
A

S
T

E
R

S
hi

pp
en

sb
ur

g7
_ 

\f
t.

Fi
gu

re
 A

-2
5.

 L
oc

at
io

ns
 o

f s
ite

s 
sa

m
pl

ed
 f

or
 th

e 
G

re
at

 V
al

le
y 

ca
rb

on
at

e 
ag

ric
ul

tu
ra

l g
ro

un
d-

w
at

er
 la

nd
-u

se
 s

tu
dy

.



Ta
bl

e 
A

-2
6.

 C
ha

ra
ct

er
is

tic
s 

of
 s

ite
s 

in
 t

he
 G

re
at

 V
al

le
y 

ca
rb

on
at

e 
ur

ba
n 

gr
ou

nd
-w

at
er

 la
nd

-u
se

 s
tu

dy
[E

xp
la

na
tio

n 
o
f 

A
qu

ife
r 

C
od

es
: 

36
7R

C
K

R
, 

R
oc

kd
al

e 
R

un
 F

or
m

at
io

n;
 3

61
M

R
B

G
N

, 
M

ar
tin

sb
ur

g 
F

or
m

at
io

n,
 B

as
al

 L
im

es
to

ne
; 

36
7P

B
G

S
, 

P
in

es
bu

rg
 S

ta
tio

n 
D

ol
om

ite
;

36
4S

TP
L,

 S
t. 

P
au

l 
F

or
m

at
io

n;
 3

71
S

D
G

V
, 

S
ha

dy
 G

ro
ve

 F
or

m
at

io
n;

 3
67

 E
PL

R,
 E

pi
er

 F
or

m
at

io
n;

 3
64

O
N

LN
, 

O
nt

el
au

ne
e 

F
or

m
at

io
n;

 -
-, 

da
ta

 n
ot

 a
va

ila
bl

e.
]

Si
te

 i
de

nt
ifi

er

4
0

1
2

5
9

0
7

7
0

0
3

6
0

1

4
0
1
5
4
6
0
7
6
5
4
3
8
0
1

4
0

0
3

3
0

0
7

7
3

1
3

0
0

1

4
0

1
2

4
8

0
7

6
5

7
1

7
0

1

4
0

1
3

4
5

0
7

6
5

5
5

8
0

1

4
0

1
3

5
9

0
7

6
5

5
3

3
0

1

4
0

1
3

4
1

0
7

6
5

8
4

0
0

1

4
0

1
2

1
1

0
7

7
1

2
4

7
0

1

4
0

1
1

5
9

0
7

7
0

9
5

1
0

1

4
0

1
2

2
4

0
7

7
0

1
4

9
0

1

4
0

1
4

4
0

0
7

6
5

3
1

9
0

1

4
0

1
6

0
2

0
7

6
5

3
0

3
0

1

4
0

1
6

4
6

0
7

6
3

8
4

8
0

1

4
0

1
6

0
5

0
7

6
4

1
1

6
0

1

4
0

1
5

1
1

0
7

6
4

9
0

5
0

1

4
0

2
0

4
5

0
7

6
2

4
4

8
0

1

4
0

2
0

0
2

0
7

6
2

4
4

8
0

1

4
0

2
0

2
9

0
7

6
2

5
4

8
0

1

4
0

2
0

0
0

0
7

6
2

9
5

3
0

1

4
0

1
8

5
6

0
7

6
3

4
5

1
0

1

Lo
ca

l 
w

e
ll 

Lo
ca

l 
n

u
m

b
e

r 
id

e
n

tif
ie

r

C
U

2
7

8

C
U

2
8

5

C
U

6
7

5

C
U

8
9

8

C
U

8
9

9

C
U

90
1

C
U

9
0

2

C
U

9
0

3

C
U

9
0

4

C
U

9
0

5

C
U

9
0

6

D
A

4
8
7

D
A

8
3
9

D
A

8
4
0

D
A

8
4
2

LB
11

56

L
B

1
1

5
7

LB
11

58

L
B

1
1

5
9

LB
11

60

U
9

U
5

U
l

U
8

U
7

U
1
0

U
6

U
2

U
3

U
4

U
11

U
13

U
1
9

U
2

0

U
1
2

U
1

4

U
1
5

U
1
6

U
1
7

U
1

8

C
u
m

b
e
rl
a
n
d

C
u
m

b
e
rl
a
n
d

C
u
m

b
e
rl
a
n
d

C
u
m

b
e
rl
a
n
d

C
u

m
b

e
rl
a

n
d

C
u
m

b
e
rl
a
n
d

C
u
m

b
e
rl
a
n
d

C
u

m
b

e
rl
a

n
d

C
u

m
b

e
rl
a

n
d

C
u

m
b

e
rl
a

n
d

C
u

m
b

e
rl
a

n
d

D
a

u
p

h
in

D
a

u
p

h
in

D
a

u
p

h
in

D
a

u
p

h
in

Le
ba

no
n

Le
ba

no
n

Le
ba

no
n

Le
ba

no
n

Le
ba

no
n

.
.
.
.
.
 

. 
, 

A
lti

tu
d
e
 o

f 
la

nd
 

A
q

u
ife

r 
W

e
ll 

d
e
p
th

 
L
a
tit

u
d
e
/lo

n
g
itu

d
e
 

, 
,,

 
.. 

, 
., 

., 
su

rf
ac

e 
(f

ee
t)

 
co

d
e
 

(f
ee

t)

4
0
1
2
5
9
/0

7
7
0
0
3
6

4
0
1
5
4
6
/0

7
6
5
4
3
8

4
0

0
3

3
0

/0
7

7
3

1
3

0

4
0

1
2

4
8

/0
7

6
5

7
1

5

4
0
1
3
4
5
/0

7
6
5
5
5
6

4
0

1
3

5
9

/0
7

6
5

5
3

3

4
0
1
3
4
1
/0

7
6
5
8
4
0

4
0

1
2

1
1

/0
7

7
1

2
4

7

4
0
1
1
5
9
/0

7
7
0
9
5
1

4
0
1
2
2
4
/0

7
7
0
1
4
9

4
0
1
4
4
0
/0

7
6
5
3
1
9

4
0

1
6

0
2

/0
7

6
5

3
0

3

4
0
1
6
4
6
/0

7
6
3
8
4
8

4
0
1
6
0
5
/0

7
6
4
1
1
6

4
0

1
5

1
1

/0
7

6
4

9
0

5

4
0
2
0
4
5
/0

7
6
2
3
4
0

4
0
2
0
0
2
/0

7
6
2
4
4
8

4
0
2
0
2
9
/0

7
6
2
5
4
8

4
0

2
0

0
0

/0
7

6
2

9
5

3

4
0
1
8
5
6
/0

7
6
3
4
5
1

4
2

9

40
5

6
7

0

3
9

0

4
0
0

4
0

0

42
0

4
8

0

4
8

0

4
3

0

4
0

0

3
5
0

4
0

0

3
6
0

4
0

0

4
9

0

4
8

0

4
7

0

4
2

0

4
4

0

36
7R

C
K

R

3
6
1
M

R
B

C
N

36
7R

C
K

R

36
7R

C
K

R

36
7P

B
C

S

36
7R

C
K

R

36
7R

C
K

R

36
4S

T
P

L

3
7

1
S

D
C

V

36
7R

C
K

R

36
7P

B
C

S

3
6

1
M

R
B

C
N

36
7E

P
LR

36
7E

P
LR

36
4S

T
P

L

3
6
4
O

N
L
N

36
7E

P
LR

3
6

4
O

N
L

N

3
6
4
O

N
L
N

36
7E

P
LR

11
6 69 15
0

30 42 4
6

41
.1

17
0

2
0

0

12
5

17
5

15
0 50 4
0 61

.5

2
2
5

10
0

14
9

4
9

18
0

Y
ea

r 
o

f 
co

n
st

ru
ct

io
n

19
63

1
9
9
5

1

1
9

7
2

1
9
9
4

2

1
9

9
4

2

1
9

9
4

2

1
9

9
4

2

19
81

1
9

8
7

1
9

7
6

19
81

1
9

6
6

1
9
8
2

1
9
7
5

1
9

8
6

1
9

8
9

1
9

8
9

19
81

1
9
9
5

1

1
9

8
0

D
e
p
th

 t
o

 b
o

tt
o

m
 

, .
 , 

. 
, 

. 
., 

.. 
L
ith

o
lo

g
y 

o
f 

ca
si

ng
 (

fe
et

) 
'

10
6

4
9 2
4

3
0

2
0 30 4
0

42 10
0

10
8

4
0 -- 33 30 61 41 2
9

3
6 30 95

L
im

e
st

o
n

e
 a

nd
 d

o
lo

m
ite

L
im

e
st

o
n

e

L
im

e
st

o
n
e
 a

nd
 d

o
lo

m
ite

L
im

e
st

o
n

e

L
im

e
st

o
n

e

L
im

e
st

o
n

e

L
im

e
st

o
n

e

L
im

e
st

o
n

e
 a

nd
 d

o
lo

m
ite

L
im

e
st

o
n

e
 a

nd
 d

o
lo

m
ite

L
im

e
st

o
n

e
 a

nd
 d

o
lo

m
ite

L
im

e
st

o
n

e
 a

nd
 d

o
lo

m
ite

L
im

e
st

o
n

e

L
im

e
st

o
n

e
 a

nd
 d

o
lo

m
ite

L
im

e
st

o
n

e
 a

nd
 d

o
lo

m
ite

L
im

e
st

o
n

e
 a

nd
 d

o
lo

m
ite

L
im

e
st

o
n

e
 a

nd
 d

o
lo

m
ite

L
im

e
st

o
n
e
 a

nd
 d

o
lo

m
ite

Li
m

es
to

ne
 a

nd
 d

ol
om

ite

Li
m

es
to

ne
 a

nd
 d

ol
om

ite

Li
m

es
to

ne
 a

nd
 d

ol
om

ite

1 
W

el
l 

w
as

 r
ec

on
st

ru
ct

ed
2 

W
el

l 
w

as
 d

ril
le

d 
fo

r 
th

e
fo

r 
th

e 
pu

rp
os

es
 o

f 
th

is
 s

tu
dy

 i
n 

19
95

. 
pu

rp
os

es
 o

f 
th

is
 s

tu
dy

 i
n 

19
94

.



U
rb

an
 la

nd
 u

nd
er

la
in

 b
y 

ca
rb

on
at

e 
be

dr
oc

k 
in

 th
e 

G
re

at
 V

al
le

y 
ph

ys
io

gr
ap

hi
c 

se
ct

io
n

A
C

U
27

8 
Lo

ca
tio

n 
an

d 
lo

ca
l w

el
l n

um
be

r o
f w

el
l

Fi
gu

re
 A

-2
6.

 L
oc

at
io

ns
 o

f s
ite

s 
sa

m
pl

ed
 f

or
 th

e 
G

re
at

 V
al

le
y 

ca
rb

on
at

e 
ur

ba
n 

gr
ou

nd
-w

at
er

 la
nd

-u
se

 s
tu

dy
.



QJ

15

C t
o o
-* LL.

-r5 J
S -y 
^^

U 
on

U U ^
CO -D

O) ^

OJ O
CL. O

u
D- 'E re

jS <^ o !

3 "^^ r^ t/i 
CO i/i  '  ' ^J

^?ll
3^ -u

ro 'c 
E 2QJ E

t3 o c Q
§=| ^
?>*"-' ^ O
05 <- re o
S? o ^ o

li^l
^ O ^ «!cg|
C^ ^ "-

g.y o E
fc ^: o ro
t3 re m -^
.0) ^ ^ .£

QJ > -B <

 ^ on O ^7
03 > ^ ^
^O % ^
'«3 2 ^ !^

%$£ .1 
'"S ,°, <s>  
'is g l
*- v^J O O

. rx \n
ro QJ

ro

re
-

CNI .O S&
re QJ

_re ~ 
Q.^

LU ( )

B ° 

S. g 
D|

re >-
QJ V,

>- c
o

QJ Q.

QJ
3

"5

60

<_,

-5
00

Oi

(N
01
01

(N
ro

U 
oo

o
o
ro

O

*

ro
ro

IX
O

vD
tN

01
ro

OJ

tD

U

in
(N
CL.

ro
01

U

o
ro
ro
in

IX
O

(N

^-
01
ro

QJ
3
"5

30

i/l

<J 
00

fN
in

CO

ro <* 

1
O
ro

8m

o
(N
O
o
o
IX
O

o
o
0"J-
01

QJ
_E
U

(N
a.

(N
ro 
d"J- 

U

O
o
(N
O
o
vD
IX
O

O
^-

Oi
ro

QJ
3
"5
u
60

j_,

-5
00

rx
CO

IX
01

IX
in

U

i
o
o
ro

O 
00"J-

ro
O

in
in
IX
O

01
in
IX

01
ro

aj
a3
U

IX
tN
a.

ro 
ro
Oi

X
U

o
ro
O

in
in
IX
O
01
in
IX^-
Oi
ro

QJ

3
"5
u
oo

^
_c
00

m
rx

01
01

ro

U

a.
o
o
ro

o

Ln
ro

in
in
IX
O

in
ro
ro
m
01
ro

QJ

QJ

U

01
(N
a.

ro
01

Z
U

o
in
ro
O
in
in
IX
O
in
ro
ro
in
Oi
ro

j_,
C1J
0 

u_

4_,

u
00

rx

o
00
01

00

U to

1
o
ro

O 
O
ro

^-
O
(N

tx
O

01"J-
ro
in
01
ro

QJ

re 
u
c 
re

o
£
Oi

o
tN

O"J-
"J-
o
(N

IX
O
01"J-
ro
in
Oi
ro

QJ
3

"5
u
60

0

TD
C
re
aj

re 
U

O
fN

Oi
IX
01

o
ro

oo
u
U
o
o
o

o
IX

0in
o
IX
o
(N
in
IX
in 
01
ro

C1J

re 
u
re

IX

51

o 
o
(N

O
oin̂-
o
IX
o
(N
in
IX
in
Oi
ro

 _

QJ
0

1 «
CO -C 

00

o
fN

,1

o
o

WSCKA :

o
o
ro

O 
(N

ro
O
in
t  

IX
O

o"J-

in
01
ro

QJ

re 
u
re

00

oZ

in 
o
Z.

o
ro
O
in
T 

IX
o
o"J-

in
01
ro

QJ
3

"5
u
60

j_.

_G

to

0
vO

0

Oi

O
00

1
0
ro

i
in

o
o
T  

0
IX
O

ro
O
O
in
01
ro.

QJ

s5
Oi

ol

(N
in 
o
(N z.

o
o
o
7 

IX
o
ro
O
O
in
01
ro

QJ
3

"5
(J

60

<_,

U
to

rn

Oi
IX
Oi

ro

U

a.
o
o
ro

O 
(N
ro

O
O
O

3
IX
o
oin
in
01
ro

QJ

3
re

O
(N
a.

ro
in 
o
(N

O
o
o
o
3
IX
o
oin
in̂-
01
ro

QJ
3"5
u
60

i/l

U
oo

o
vO

(N
00
01

in
o

U 
o:
a.
o
o
ro

O 
ro

00

T-«

O

IX
o
o
ro
(N
in
01
ro

QJ

s
re

00
(N
ra­

in 
o
(N z.

o
00 *
^ 

o
IX
o
o
ro
fN
in
Oi
ro

^
C1J
0

QJ

1
re

a

ĈO
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APPENDIX B - ANALYTICAL GROUPINGS OF WATER-QUALITY CHARACTERISTICS

[Unless otherwise noted, all analyses performed by USGS National Water-Quality Laboratory, Arvada, Colo.; Parameter code is a 
5-digit number used in the U.S. Geological Survey computerized data system WATSTORE, to uniquely identify a specific 
constituent.]
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Table B-1 . Analytical grouping of organochlorine pesticide compounds in biological samples 

[Lig/kg, micrograms per kilogram; N.A., not applicable.]

Compound name (common name)

Aldrin

Chlordane, cis-

Chlordane, trans-

DCPA (Dacthal)

DOT, o,p'-

DDT, p,p'-

DDD, p,p'-

DDD, o,p'-

DDE, o,p'-

DDE, p,p'-

Dieldrin (Cygon)

Endrin

Heptachlor

Heptachlor Epoxide

Hexachlorobenzene

HCH, alpha-

HCH, beta-

HCH, delta-

HCH, gamma- (Lindane)

Methoxychlor, o,p'- (Dual)

Methoxychlor, p,p'-

Mirex

Nonachlor, cis-

Nonachlor, trans-

Oxychlordane

Pentachloroanisole

Polychlorinated biphenyls, total

Toxaphene

Lipid content

Parameter 
code

49353

49380

49379

49378

49377

49376

49375

49374

49373

49372

49371

49370

49369

49368

49367

49366

49365

49364

49363

49362

49361

49360

49359

49358

49357

49356

49354

49355

49289

Analytical method

Gas chromatography

Gas chromatography

Gas chromatography

Gas chromatography

Gas chromatography

Gas chromatography

Gas chromatography

Gas chromatography

Gas chromatography

Gas chromatography

Gas chromatography

Gas chromatography

Gas chromatography

Gas chromatography

Gas chromatography

Gas chromatography

Gas chromatography

Gas chromatography

Gas chromatography

Gas chromatography

Gas chromatography

Gas chromatography

Gas chromatography

Gas chromatography

Gas chromatography

Gas chromatography

Gas chromatography

Gas chromatography

Calculated

Minimum 
reporting 

level

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

50.0

200.0

N.A.

Reporting 
unit

Hg/kg

Hg/kg

Hg/kg

US/kg

Hg/kg

Hg/kg

Hg/kg

|Ag/kg

Hg/kg

l-tg/kg

Hg/kg

^g/kg

Hg/kg

Hg/kg

Hg/kg

Hg/kg

Hg/kg

Hg/kg

Hg/kg

Hg/kg

Hg/kg

Hg/kg

Hg/kg

Hg/kg

Hg/kg

MS/kg

Hg/kg

^g/kg

percent
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Table B-2. Analytical grouping of trace elements in biological samples

[|ig/g, micrograms per gram; N.A., not applicable.]

Constituent 
name

Aluminum

Barium

Boron

Chromium

Copper

Iron

Manganese

Strontium

Zinc

Antimony

Arsenic

Beryllium

Cadmium

Cobalt

Lead

Molybdenum

Nickel

Selenium

Silver

Uranium

Vanadium

Mercury

Water content

Parameter 
code

49237

49238

49239

49240

49241

49242

49243

49244

49245

49246

49247

49248

49249

49250

49251

49252

49253

49254

49255

49257

49465

49258

49273

Analytical method

Inductively coupled plasma atomic emission spectrometry

Inductively coupled plasma atomic emission spectrometry

Inductively coupled plasma atomic emission spectrometry

Inductively coupled plasma atomic emission spectrometry

Inductively coupled plasma atomic emission spectrometry

Inductively coupled plasma atomic emission spectrometry

Inductively coupled plasma atomic emission spectrometry

Inductively coupled plasma atomic emission spectrometry

Inductively coupled plasma atomic emission spectrometry

Inductively coupled plasma mass spectrometry

Inductively coupled plasma mass spectrometry

Inductively coupled plasma mass spectrometry

Inductively coupled plasma mass spectrometry

Inductively coupled plasma mass spectrometry

Inductively coupled plasma mass spectrometry

Inductively coupled plasma mass spectrometry

Inductively coupled plasma mass spectrometry

Inductively coupled plasma mass spectrometry

Inductively coupled plasma mass spectrometry

Inductively coupled plasma mass spectrometry

Inductively coupled plasma mass spectrometry

Cold vapor atomic absorption spectrometry

Calculated

Minimum
reporting

level

1.0

.1

.2

.5

.5

1.0

.1

.1

.5

.1

.1

.1

.1

.1

.1

.1

.1

.1

.1

.1

.1

.1

N.A.

Reporting 
unit

u.g/g (dry)

u.g/g (dry)

u.g/g (dry)

u.g/g (dry)

u.g/g (dry)

u.g/g (dry)

ug/g (dry)

u.g/g (dry)

u.g/g (dry)

u.g/g (dry)

U.g/g (dry)

u.g/g (dry)

Llg/g (dry)

u.g/g (dry)

Llg/g (dry)

u.g/g (dry)

u.g/g (dry)

u,g/g (dry)

u,g/g (dry)

u.g/g (dry)

u.g/g (dry)

u,g/g (dry)

percent

Table B-3. Analytical grouping of combined biomass and chlorophyll in biological samples

[g/m2, grams per square meter; mg/m 2 , milligrams per square meter.]

Constituent
name

Biomass, ash weight

Biomass, dry weight

Chlorophyll a

Chlorophyll b

Parameter
code

00572

00573

70957

70958

Analytical method

Ashing

Drying

High-pressure liquid chromatography

High-pressure liquid chromatography

Minimum 
reporting

level

0.001

.001

.1

.1

Reporting
unit

g/m2

g/m2

mg/m2

mg/m2
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Table B-4. Analytical grouping of trace elements in bed sediments

[Analysis performed by USGS Branch of Geochemistry Laboratory, Denver, Colo.; u.g/g, micrograms per gram; limit of detection 
is the lowest concentration that can be determined to be statistically different from a blank (Arbogast, 1990).]

Constituent 
name

Aluminum

Calcium

Iron

Potassium

Magnesium

Sodium

Phosphorus

Titanium

Gold

Barium

Beryllium

Bismuth

Cerium

Cobalt

Chromium

Copper

Europium

Gallium

Holmium

Lanthanum

Lithium

Manganese

Molybdenum

Niobium

Neodymium

Nickel

Lead

Scandium

Tin

Strontium

Tantalum

Thorium

Vanadium

Yttrium

Ytterbium

Zinc

Silver

Cadmium

Mercury

Arsenic

Antimony

Selenium

Uranium

Thorium

Sulfur

Parameter 

code

34790

43830

34880

34940

34900

34960

34935

49274

34870

34850

34810

34816

34835

34845

34840

34850

34855

34860

34875

34855

34895

34905

34915

34930

34920

34925

34890

34945

34985

34965

34975

34980

35005

35010

35015

35020

34955

34825

34910

34800

34795

34950

35000

34980

34970

Analytical method

Inductively coupled plasma

Inductively coupled plasma

Inductively coupled plasma

Inductively coupled plasma

Inductively coupled plasma

Inductively coupled plasma

Inductively coupled plasma

Inductively coupled plasma

Inductively coupled plasma

Inductively coupled plasma

Inductively coupled plasma

Inductively coupled plasma

Inductively coupled plasma

Inductively coupled plasma

Inductively coupled plasma

Inductively coupled plasma

Inductively coupled plasma

Inductively coupled plasma

Inductively coupled plasma

Inductively coupled plasma

Inductively coupled plasma

Inductively coupled plasma

Inductively coupled plasma

Inductively coupled plasma

Inductively coupled plasma

Inductively coupled plasma

Inductively coupled plasma

Inductively coupled plasma

Inductively coupled plasma

Inductively coupled plasma

Inductively coupled plasma

Inductively coupled plasma

Inductively coupled plasma

Inductively coupled plasma

Inductively coupled plasma

Inductively coupled plasma

Grafite furnace atomic adsorption

Grafite furnace atomic adsorption

Graphite furnace atomic adsorption

Hydride analysis

Hydride analysis

Hydride analysis

Delayed neutron activation analysis

Delayed neutron activation analysis

Infared analysis

Limit 
of 

detection

0.05

.05

.05

.05

.005

.005

.005

.005

8.0

1.0

1.0

1.0

4.0

1.0

1.0

1.0

2.0

4.0

4.0

2.0

2.0

4.0

2.0

4.0

4.0

2.0

4.0

2.0

1.0

2.0

4.0

4.0

2.0

2.0

1.0

4.0

.1

.1

.02

.1

.1

.1

.05

1.0

.05

Reporting 
unit

percent

percent

percent

percent

percent

percent

percent

percent

Hg/g

tlg/g

Hg/g

u-g/g

Hg/g

Hg/g

Hg/g

Hg/g

Hg/g

Hg/g

Hg/g

m/z
Hg/g

H8/g

Hg/g

Hg/g

Hg/g

Hg/g

Hg/g

Hg/g

Hg/g

Hg/g

Hg/g

Hg/g

Hg/g

Hg/g

Hg/g

Hg/g

Hg/g

ng/g
ng/g
Hg/g

Hg/g

Hg/g

Hg/g

Hg/g

percent
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Table B-4. Analytical grouping of trace elements in bed sediments   Continued

Constituent 
name

Carbon, carbonate 

Carbon, organic 

Carbon, total

Parameter 
code

49266 

49267 

49269

Analytical method

Coulometric titration 

Difference 

Combustion, infared analysis

Limit 
of 

detection

0.01 

.01 

.01

Reporting 
unit

percent 

percent 

percent

Table B-5. Analytical grouping of carbon in bed sediments

[g/kg, grams per kilogram.]

Constituent 
name

Carbon, carbonate 

Carbon, organic 

Carbon, total

Parameter 
code

49270 

49271 

49272

Analytical method

Coulometric titration 

Difference (between parameter 49272 and 49270) 

Resistance furnace, infared absorption

Table B-6. Analytical grouping of bed- and suspended-sediment characteristics

[Analysis performed by USGS Pennsylvania District Sediment Laboratory, Lemoyne, Pa.; 
liter; |j,m, microns.]

Parameter name

Particle size finer than 2.00 mm in bed 
sediment 

Particle size finer than 63 |0,m in bed 
sediment 

Particle size finer than 4 |4.m in bed sed­ 
iment 

Suspended sediment concentration 

Particle size finer than 0.062 mm in sus­ 
pended sediment

Parameter . 
, Analytical method 

code

80169 Dry sieving 

80164 Dry sieving 

80157 Pipet analysis or hydrometer

801 54 Filtration 

70331 Wet sieving

Minimum 
reporting 

level

0.1 

.1 

.1

mm, millimeters;

Estimated 
reporting 

limit

0.1 

.1 

.01

1.0 

.1

Reporting 
unit

g/kg dry 

g/kg dry 

g/kg dry

mg/L, milligrams per

Reporting 
unit

percent 

percent 

percent

mg/L 

percent
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Table B-7. Analytical grouping of organochlorine pesticide compounds in bed sediments

[|Lig/kg, micrograms per kilogram.]

Compound name (common name)

Aldrin

Chlordane, cis-

Chlordane, trans-

Chloroneb

DCPA (Dacthal)

ODD, o,p'-

DDD, p,p'-

DDE, o,p'-

DDE, p,p'-

DDT, o,p'-

DDT, p,p'-

Dieldrin (Panoram D-31)

Endosulfan I

Endrin

HCH, alpha-

HCH, beta-

HCH, gamma- (Lindane)

Heptachlor

Heptachlor epoxide

Hexachlorobenzene

Isodrin

Methoxychlor, o,p'- (Dual)

Methoxychlor, p,p'-

Mirex

Nonachlor, cis-

Nonachlor, trans-

Oxychlordane

Polychlorinated biphenyls, total

Pentachloroanisole

Permethrin, cis- (Ambush)

Permethrin, trans-

Toxaphene

Parameter 
code

49319

49320

49321

49322

49324

49325

49326

49327

49328

49329

49330

49331

49332

49335

49338

49339

49345

49341

49342

49343

49344

49347

49346

49348

49316

49317

49318

49459

49460

49349

49350

49351

Analytical method

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Minimum 
reporting 

level

1.0

1.0

1.0

5.0

5.0

1.0

1.0

1.0

1.0

2.0

2.0

1.0

1.0

2.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

5.0

5.0

1.0

1.0

1.0

1.0

50.0

1.0

5.0

5.0

200.0

Reporting 
unit

|ig/kg (dry)

|a.g/kg (dry)

|lg/kg (dry)

Hg/kg (dry)

Lig/kg (dry)

|a.g/kg (dry)

|a.g/kg (dry)

Hg/kg (dry)

|ig/kg (dry)

Hg/kg (dry)

|ig/kg (dry)

Hg/kg (dry)

Lig/kg (dry)

|a.g/kg (dry)

Lig/kg (dry)

Lig/kg (dry)

Lig/kg (dry)

|lg/kg (dry)

|^g/kg (dry)

Hg/kg (dry)

|lg/kg (dry)

|lg/kg (dry)

|ig/kg (dry)

|lg/kg (dry)

|0.g/kg (dry)

Hg/kg (dry)

|ig/kg (dry)

Hg/kg (dry)

|0.g/kg (dry)

|lg/kg (dry)

Hg/kg (dry)

Hg/kg (dry)
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Table B-8. Analytical grouping of base-neutral-acid semivolatile organic compounds in bed sediments 

[|ig/kg, micrograms per kilogram.]

Compound name

Acenaphthylene

Acenaphthene

Acridine

Amine, n-Nitroso-Di-n-Propyl-

Amine, n-Nitroso-Diphenyl-

Anthracene

Anthracene, 2-Methyl-

Benz[a]anthracene

Dibenzo[a,h]anthracene

Anthraquinone

Azobenzene

Benzene, 1,2-Dichloro-

Benzene, 1,3-Dichloro-

Benzene, 1,4-Dichloro-

Benzene, 1,2,4-Trichloro-

Benzene, Nitro-

Benzene, Hexachloro-

Benzene, Pentachloronitro-

Butadiene, Hexachloro-

9H-Carbazol

Chrysene

p-Cresol

Dibenzothiophene

Ethane, Hexachloro-

Ether, 4-Bromophenyl-phenyl-

Ether, 4-Chlorophenyl-phenyl-

Ether, bis(2-Chloroethyl)-

Ether, bis(2-Chloroisopropyl)

Fluoranthene

Benzo[b]fluoranthene

Benzo[k]fluoranthene

9H-Fluorene, 1-Methyl-

9H-Fluorene

Isophorone

Methane, bis(2-Chloroethoxy)-

Naphthalene

Naphthalene, 2-Chloro-

Naphthalene, 1,2-Dimethyl-

Naphthalene, 1,6-Dimethyl-

Naphthalene, 2,6-Dimethyl-

Naphthalene, 2-Ethyl-

Naphthalene, 2,3,6-Trimethyl-

Pentachloroanisol

Pentadiene, Hexachlorocyclo-

Benzo[g,h,i]perylene

Phenanthrene

Phenanthrene, 1-Methyl-

Phenanthrene, 4,5-Methylene-

Parameter 
code

49428

49429

49430

49431

49433

49434

49435

49436

49461

49437

49443

49439

49441

49442

49438

49444

49343

49446

49448

49449

49450

49451

49452

49453

49454

49455

49456

49457

49466

49458

49397

49398

49399

49400

49401

49402

49407

49403

49404

49406

49490

49405

49460

49489

49408

49409

49410

49411

Analytical method

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Minimum 
reporting 

level

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

. 50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

Reporting 
unit

u.g/kg (dry)

fig/kg (dry)

u.g/kg (dry)

fig/kg (dry)

u.g/kg (dry)

fig/kg (dry)

u.g/kg (dry)

fig/kg (dry)

u.g/kg (dry)

fig/kg (dry)

u.g/kg (dry)

fig/kg (dry)

u.g/kg (dry)

fig/kg (dry)

fig/kg (dry)

fig/kg (dry)

fig/kg (dry)

fig/kg (dry)

u.g/kg (dry)

fig/kg (dry)

fig/kg (dry)

fig/kg (dry)

fig/kg (dry)

fig/kg (dry)

fig/kg (dry)

fig/kg (dry)

fig/kg (dry)

fig/kg (dry)

fig/kg (dry)

fig/kg (dry)

u.g/kg (dry)

fig/kg (dry)

fig/kg (dry)

fig/kg (dry)

fig/kg (dry)

fig/kg (dry)

fig/kg (dry)

fig/kg (dry)

fig/kg (dry)

fig/kg (dry)

Hg/kg (dry)

fig/kg (dry)

u.g/kg (dry)

fig/kg (dry)

u.g/kg (dry)

fig/kg (dry)

u.g/kg (dry)

fig/kg (dry)
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Table B-8. Analytical grouping of base-neutral-acid semivolatile organic compounds in bed sediments  Continued 

[Hg/kg, micrograms per kilogram.]

Compound name

Phenanthridine

Phenol

Phenol, 2-Chloro-

Phenol, 2.4-Dichloro-

Phenol, 3,5-Dimethyl-

Phenol, 2,4-Dinitro-

Phenol, 4,6-Dinitro-2-methyl-

Phenol, 4-Chloro-3-Methyl-

Phenol, C8-Alkyl-

Phenol, 2-Nitro-

Phenol, 4-Nitro-

Phenol, Pentachloro-

Phenol, 2,3,5,6-Tetramethyl-

Phenol, 2,4,6-Trichloro-

Phenol, 2,4,6-Trimethyl-

Phthalate, Butylbenzyl-

Phthalate, Di-n-Butyl-

Phthalate, Di-n-Octyl-

Phthalate, Diethyl-

Phthalate, Dimethyl-

Pyrene

Pyrene, 1-Methyl-

Benzo(a)pyrene

lndeno[1,2,3-c,d]pyrene

2,2'-Biquinoline

Quinoline

Benzo[c]quinoline

Isoquinoline

Toluene, 2,4-Dinitro-

Toluene, 2,6-Dinitro-

Parameter 
code

49393

49413

49467

49417

49421

49418

49419

49422

49424

49420

49423

49425

49414

49415

49416

49427

49381

49382

49383

49384

49387

49388

49389

49390

49391

49392

49468

49394

49395

49396

Analytical method

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Gas chromatography/mass spectrometry

Minimum 
reporting 

level

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

Reporting 
unit

u,g/kg (dry)

u,g/kg (dry)

u,g/kg (dry)

jig/kg (dry)

u,g/kg (dry)

u,g/kg (dry)

u,g/kg (dry)

jig/kg (dry)

u,g/kg (dry)

u,g/kg (dry)

u,g/kg (dry)

Hg/kg (dry)

u,g/kg (dry)

jig/kg (dry)

u,g/kg (dry)

Hg/kg (dry)

u,g/kg (dry)

Hg/kg (dry)

u,g/kg (dry)

u,g/kg (dry)

u,g/kg (dry)

Hg/kg (dry)

jig/kg (dry)

jig/kg (dry)

Hg/kg (dry)

Hg/kg (dry)

jig/kg (dry)

Hg/kg (dry)

u,g/kg (dry)

Hg/kg (dry)
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Table B-9. Field measurements of physical and chemical properties of water

[°C, degrees Celsius; |iS/cm, microsiemens per centimeter at 25° Celsius; mg/L, milligrams per liter; CaCO3 , calcium 
carbonate.]

Constituent name

PH

Specific conductance 

Alkalinity as CaCO3 1 

Bicarbonate as CaCO3 1 

Carbonate as CaCOS 1

Dissolved oxygen

Oxygen saturation

Temperature 

Alkalinity as CaCO3 2 

Alkalinity 2 

Carbonate as CO3 2 

Carbonate 2 

Bicarbonate as HCO3 2 

Bicarbonate 2

1 Surface water only. 
2 Ground water only.

Parameter . 
, Analytical method 

code

00400 Electrometric, glass electrode

00095 Electrometric, Wheatstone bridge 

39036 Filtered fixed-endpoint electrometric titration 

29804 Calculated from parameter code 39036 

29807 Calculated from parameter code 39036

00300 Cathode/electrometric, membrane electrode

00301 Calculated

00010 Electrometric, thermistor 

00419 Unfiltered incremental titration 

00410 Unfiltered fixed-endpoint titration 

00447 Calculated from parameter code 0041 9 

00445 Calculated from parameter code 00410 

00450 Calculated from parameter code 00419 

00440 Calculated from parameter code 00410

Minimum 
reporting 

level

0.1

1.0 

1.0 

1.0 

1.0

.1

.1

-2.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0

Reporting 
unit

pH units

(xS/cm 

mg/L 

mg/L 

mg/L

mg/L

percent
°C

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L

Table B-1 0. Analytical grouping of major inorganic constituents in water

[ROE, residue on evaporation; 
25° Celsius; |ig/L, micrograms

Constituent name

Chloride, dissolved

ROE dissolved @ 1 80°C

Potassium, dissolved

pH, laboratory

Specific Conductance, laboratory

Alkalinity, as CaCO3 , laboratory

Iron, dissolved

Manganese, dissolved

Calcium, dissolved

Magnesium, dissolved

Silica, dissolved

Sodium, dissolved

Sulfate, dissolved

Fluoride, dissolved

Bromide, dissolved

Strontium, dissolved

CaCO3 , calcium carbonate; mg/L, milligrams per liter; u,S/cm, 
per liter; °C, degrees Celsius.]

Parameter 
, Analytical method 

code

00940 Inductively coupled plasma spectrometry

70300 Gravimetric analysis

00935 Atomic absorption spectrometry

00403 Electrometric

90095 Electrometric

90410 Fixed-endpoint electrometric titration

01046 Inductively coupled plasma spectrometry

01056 Inductively coupled plasma spectrometry

00915 Inductively coupled plasma spectrometry

00925 Inductively coupled plasma spectrometry

00955 Inductively coupled plasma spectrometry

00930 Inductively coupled plasma spectrometry

00945 Ion-exchange chromatography

00950 Ion-selective electrode

71870 Automated-segmented flow, colorimetric

01080 Atomic absorption spectrometry

microsiemens

Minimum 
reporting 

level

0.1

1

.1

.1

1

1

3

1

.02

.01

.01

.2

.1

.1

.01

10

per centimeter at

Reporting 
unit

mg/L

mg/L

mg/L

units

u,S/cm

mg/L

^g/L

Hg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

Hg/L
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Table B-11. Analytical grouping of nutrients in water

[N, nitrogen; P, phosphorus; Ortho-P, orthophosphate; NO2, nitrite; NO 3 , nitrate; NH 4/ ammonia; mg/L, milligrams per liter.]

Nutrient name
Parameter 

code
Analytical method

Minimum
reporting

level

Reporting 
unit

Nitrogen, Nitrite, as N, dissolved 00613

Phosphorus, Ortho-P, as P, dissolved 00671

Nitrogen, NO3 +NO2/ as N, dissolved 00631

Nitrogen, Ammonia, as N, dissolved 00608

Phosphorus, as P, dissolved 00666

Nitrogen, NH 4 ^Organic, as N, dissolved 00623

Nitrogen, NH 4 +Organic, as N, total 1 00625

Phosphorus, as P, total 00665

Diazotization, automated-segmented 0.01 
flow, colorimetric

Phosphomolybdate, automated-seg- .01
mented flow, colorimetric 

Diazotization, automated-segmented .05
flow, colorimetric

Salicylate-hypochlorite, automated-seg- .01
mented flow, colorimetric 

Phosphomolybdate, automated-seg- .01
mented flow, colorimetric 

Salicylate-hypochlorite, automated-seg- .20
mented flow, colorimetric 

Salicylate-hypochlorite, automated-seg- .20
mented flow, colorimetric

Phosphomolybdate, automated-seg- .01 
mented flow, colorimetric

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L

1 Surface water only.
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Table B-12. Analytical grouping of pesticides in filtered water analyzed by gas chromatography/mass spectrometry

[Method detection limit

Compound name
(common name)

Alachlor (Lasso)

Desethyl-Atrazine 1

Atrazine (AAtrex)

Methyl-Azinphos
(Guthion) 1

Benfluralin (Benefin, Balan,
Bonalin)

Butylate (Genate Plus,
Sutan+)

Carbaryl (Sevin) 1 ' 2

Carbofuran (Furadan) 1/2

Chlorpyrifos (Dursban)

Cyanazine (Bladex)

DCPA (Dacthal) 2

p,p-DDE

Diazinon (Knox-Out)

Dieldrin (Panoram D-31)

Diethylanaline

Dimethoate 3 (Cygon)

Disulfoton (Di-Syston)

EPIC (Eptam)

Ethalfluralin (Sonalin)

Ethoprop (Mocap,
Ethoprophos)

Fonofos

alpha-HCH

gamma-HCH (Lindane)

Linuron (Lorox, Linex) 2

Malathion (Cythion)

Metolachlor (Dual)

per 40 CFR

Parameter
code

46342

04040

39632

82686

82673

04028

82680

82674

38933

04041

82682

34653

39572

39381

82660

82662

82677

82668

82663

82672

04095

34253

39341

82666

39532

39415

136, Appendix B (U.S. Environmental Protection Agency, 1991b); |ig/L, micrograms per liter.]

Mf^thnrl
... , , '."""' '"" Reporting 

Analytical method detection

Extracted on C-18 solid-phase extraction cartridge and analyzed by
gas chromatography/mass spectrometric detector

Extracted on C-18 solid-phase extraction cartridge and analyzed by
gas chromatography/mass spectrometric detector

Extracted on C-18 solid-phase extraction cartridge and analyzed by
gas chromatography/mass spectrometric detector

Extracted on C-1 8 solid-phase extraction cartridge and analyzed by
gas chromatography/mass spectrometric detector

Extracted on C-18 solid-phase extraction cartridge and analyzed by
gas chromatography/mass spectrometric detector

Extracted on C-1 8 solid-phase extraction cartridge and analyzed by

gas chromatography/mass spectrometric detector

Extracted on C-18 solid-phase extraction cartridge and analyzed by
gas chromatography/mass spectrometric detector

Extracted on C-18 solid-phase extraction cartridge and analyzed by
gas chromatography/mass spectrometric detector

Extracted on C-18 solid-phase extraction cartridge and analyzed by
gas chromatography/mass spectrometric detector

Extracted on C-18 solid-phase extraction cartridge and analyzed by
gas chromatography/mass spectrometric detector

Extracted on C-18 solid-phase extraction cartridge and analyzed by

gas chromatography/mass spectrometric detector

Extracted on C-18 solid-phase extraction cartridge and analyzed by
gas chromatography/mass spectrometric detector

Extracted on C-18 solid-phase extraction cartridge and analyzed by
gas chromatography/mass spectrometric detector

Extracted on C-18 solid-phase extraction cartridge and analyzed by
gas chromatography/mass spectrometric detector

Extracted on C-18 solid-phase extraction cartridge and analyzed by
gas chromatography/mass spectrometric detector

Extracted on C-18 solid-phase extraction cartridge and analyzed by
gas chromatography/mass spectrometric detector

Extracted on C-18 solid-phase extraction cartridge and analyzed by

gas chromatography/mass spectrometric detector

Extracted on C-1 8 solid-phase extraction cartridge and analyzed by
gas chromatography/mass spectrometric detector

Extracted on C-18 solid-phase extraction cartridge and analyzed by
gas chromatography/mass spectrometric detector

Extracted on C-18 solid-phase extraction cartridge and analyzed by
gas chromatography/mass spectrometric detector

Extracted on C-18 solid-phase extraction cartridge and analyzed by
gas chromatography/mass spectrometric detector

Extracted on C-18 solid-phase extraction cartridge and analyzed by
gas chromatography/mass spectrometric detector

Extracted on C-18 solid-phase extraction cartridge and analyzed by
gas chromatography/mass spectrometric detector

Extracted on C-18 solid-phase extraction cartridge and analyzed by
gas chromatography/mass spectrometric detector

Extracted on C-18 solid-phase extraction cartridge and analyzed by
gas chromatography/mass spectrometric detector

Extracted on C-18 solid-phase extraction cartridge and analyzed by
gas chromatography/mass spectrometric detector

.. .. unit 
limit

0.002 u.g/L

.002 |Xg/L

.001 u.g/L

.001 u.g/L

.002 u.g/L

.002 |Xg/L

.003 u.g/L

.003 u.g/L

.004 u.g/L

.004 u.g/L

.002 u.g/L

.006 |Xg/L

.002 u.g/L

.001 u.g/L

.003 u.g/L

.004 u.g/L

.017 |Xg/L

.002 M-g/L

.004 u.g/L

.003 |Xg/L

.003 u.g/L

.002 u.g/L

.004 u.g/L

.002 |Xg/L

.005 u.g/L

.002 u.g/L
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Table B-12. Analytical grouping of pesticides in filtered water analyzed by gas chromatography/mass spectrometry  
Continued

Compound name 
(common name)

Metribuzin (Lexone, Sen- 
cor)

Molinate (Ordram)

Napropamide (Devrinol)

Parathion (Parathion)

Methyl-Parathion 
(Penncap-M)

Pebulate (Tillam)

Pendimethalin (Prowl)

cis-Permethrin (Ambush)

Phorate (Thimet)

Prometon (Pramitol)

Pronamide (Kerb, 
Propyzamid)

Propachlor (Ramrod)

Propanil (Stampede)

Propargite (Omite, alkyl 
sulfite)

Simazine (Aquazine, 
Princep)

Tebuthiuron (Spike) 

Terbacil (Sinbar) 1

Terbufos (Counter)

Thiobencarb (Bolero)

Triallate (Avadex BW, 
FarGo)

Trifluralin (Treflan)

Parameter 
code

82630

82671

82684

39542

82667

82669

82683

82687

82664

82676

04037

04024

82679

82685

04035

82670 

82665

82675

82681

82678

82661

Analytical method

Extracted on C-18 solid-phase extraction cartridge and analyzed by 
gas chromatography/mass spectrometric detector

Extracted on C-1 8 solid-phase extraction cartridge and analyzed by 
gas chromatography/mass spectrometric detector

Extracted on C-18 solid-phase extraction cartridge and analyzed by 
gas chromatography/mass spectrometric detector

Extracted on C-18 solid-phase extraction cartridge and analyzed by 
gas chromatography/mass spectrometric detector

Extracted on C-18 solid-phase extraction cartridge and analyzed by 
gas chromatography/mass spectrometric detector

Extracted on C-1 8 solid-phase extraction cartridge and analyzed by 
gas chromatography/mass spectrometric detector

Extracted on C-1 8 solid-phase extraction cartridge and analyzed by 
gas chromatography/mass spectrometric detector

Extracted on C-18 solid-phase extraction cartridge and analyzed by 
gas chromatography/mass spectrometric detector

Extracted on C-18 solid-phase extraction cartridge and analyzed by 
gas chromatography/mass spectrometric detector

Extracted on C-18 solid-phase extraction cartridge and analyzed by 
gas chromatography/mass spectrometric detector

Extracted on C-18 solid-phase extraction cartridge and analyzed by 
gas chromatography/mass spectrometric detector

Extracted on C-18 solid-phase extraction cartridge and analyzed by 
gas chromatography/mass spectrometric detector

Extracted on C-18 solid-phase extraction cartridge and analyzed by 
gas chromatography/mass spectrometric detector

Extracted on C-18 solid-phase extraction cartridge and analyzed by 
gas chromatography/mass spectrometric detector

Extracted on C-18 solid-phase extraction cartridge and analyzed by 
gas chromatography/mass spectrometric detector

Extracted on C-18 solid-phase extraction cartridge and analyzed by 
gas chromatography/mass spectrometric detector 

Extracted on C-18 solid-phase extraction cartridge and analyzed by 
gas chromatography/mass spectrometric detector

Extracted on C-18 solid-phase extraction cartridge and analyzed by 
gas chromatography/mass spectrometric detector

Extracted on C-1 8 solid-phase extraction cartridge and analyzed by 
gas chromatography/mass spectrometric detector

Extracted on C-1 8 solid-phase extraction cartridge and analyzed by 
gas chromatography/mass spectrometric detector

Extracted on C-18 solid-phase extraction cartridge and analyzed by 
gas chromatography/mass spectrometric detector

Method 
detection 

limit

0.004

.004

.003

.004

.006

.004

.004

.005

.002

.018

.003

.007

.004

.013

.005

.010 

.007

.013

.002

.001

.002

Reporting 
unit

Hg/L

Hg/L

Hg/L

Hg/L

Hg/L

u.g/L

Hg/L

Hg/L

^g/L

Hg/L

^g/L

Hg/L

^g/L

|ig/L

^g/L

Hg/L 

Hg/L

^g/L

Hg/L

Hg/L

Hg/L

1 Analysis for this compound produces poor results. Values reported are estimates.
2 Compound also analyzed by high pressure liquid chromatography (Table B-13).
3 Compound dropped from analytical grouping in November 1994 due to poor performance.
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Table B-13. Analytical grouping of pesticides in filtered water analyzed by high-performance liquid chromatography

[Method detection limit per 40 CFR 136, Appendix B (U.S. Environmental Protection Agency, 1991b); 
fig/L, micrograms per liter.]

Compound name 
(common name)

Parameter 
code

Analytical method
Method

detection
limit

Reporting 
unit

2,4,5-T, mono-acid- (Weedar) 39742

2,4-D, mono-acid- (Dacamine) 39732

2,4-DB, mono-acid- (Butyrac) 38746

Acifluorfen (Scepter, Blazer) 49315

Aldicarb (Temik) 49312

Aldicarb Sulfone (Standak) 49313

Aldicarb Sulfoxide 49314

Bentazon (Basagran) 38711

Bromacil (Hyvar) 04029

Bromoxynil (Buctril) 49311

Carbaryl (Sevin) 1 49310

Carbofuran 1 (Furadan) 49309

Carbofuran, 3-Hydroxy- 49308

Chloramben (Amiben) 49307

Chlorothalonil (Daconil) 49306

Clopyralid (Stinger, Lontrel)) 49305

DCPA (Dacthal) 1 49304

Extracted on Carbopak B solid-phase extraction cartridge and 0.035 
analyzed by high-pressure liquid chromatography - diode 
array detection

Extracted on Carbopak B solid-phase extraction cartridge and .035
analyzed by high-pressure liquid chromatography - diode
array detection 

Extracted on Carbopak B solid-phase extraction cartridge and .035
analyzed by high-pressure liquid chromatography - diode
array detection 

Extracted on Carbopak B solid-phase extraction cartridge and .035
analyzed by high-pressure liquid chromatography - diode
array detection 

Extracted on Carbopak B solid-phase extraction cartridge and .016
analyzed by high-pressure liquid chromatography - diode
array detection

Extracted on Carbopak B solid-phase extraction cartridge and .016
analyzed by high-pressure liquid chromatography - diode
array detection 

Extracted on Carbopak B solid-phase extraction cartridge and .021
analyzed by high-pressure liquid chromatography - diode
array detection 

Extracted on Carbopak B solid-phase extraction cartridge and .014
analyzed by high-pressure liquid chromatography - diode
array detection

Extracted on Carbopak B solid-phase extraction cartridge and .035
analyzed by high-pressure liquid chromatography - diode
array detection 

Extracted on Carbopak B solid-phase extraction cartridge and .035
analyzed by high-pressure liquid chromatography - diode
array detection

Extracted on Carbopak B solid-phase extraction cartridge and .08
analyzed by high-pressure liquid chromatography - diode
array detection 

Extracted on Carbopak B solid-phase extraction cartridge and .028
analyzed by high-pressure liquid chromatography - diode
array detection 

Extracted on Carbopak B solid-phase extraction cartridge and .014
analyzed by high-pressure liquid chromatography - diode
array detection 

Extracted on Carbopak B solid-phase extraction cartridge and .011
analyzed by high-pressure liquid chromatography - diode
array detection 

Extracted on Carbopak B solid-phase extraction cartridge and .035
analyzed by high-pressure liquid chromatography - diode
array detection 

Extracted on Carbopak B solid-phase extraction cartridge and .050
analyzed by high-pressure liquid chromatography - diode
array detection 

Extracted on Carbopak B solid-phase extraction cartridge and .017
analyzed by high-pressure liquid chromatography - diode
array detection
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Table B-13. Analytical grouping of pesticides in filtered water analyzed by high-performance liquid chromatography  
Continued

[Method detection limit per 40 CFR 136, Appendix B (U.S. Environmental Protection Agency, 1991b); 
Lig/L, micrograms per liter.]

Compound name 
(common name)

Parameter
, code

Analytical method
Method n 
, . Reporting 

detection . 8
,. . unit
limit

Dicamba, mono-acid- (Banvel) 38442

Dichlobenil (Casoron) 49303

Dichlorprop, mono-acid 49302 
(Weedone)

Dinoseb (DNBP, Premerge) 49301

Diuron (Karmex) 49300

DNOC (Elgotol) 49299

Esfenvalerate (Asana XL) 49298

Fenuron 49297

Fluometuron (Cotoran) 38811

Linuron (Lorox, Linex) 1 38478

MCPA, mono-acid- (Weedar, 38482 
Chiptox))

MCPB, mono-acid- (Thistrol) 38487

Methiocarb (Mesurol) 38501

Methomyl (Lannade) 49296

1-Naphthol 49295

Neburon 49294

Norflurazon (Zorial) 49293

Extracted on Carbopak B solid-phase extraction cartridge and
analyzed by high-pressure liquid chromatography - diode
array detection 

Extracted on Carbopak B solid-phase extraction cartridge and
analyzed by high-pressure liquid chromatography - diode
array detection 

Extracted on Carbopak B solid-phase extraction cartridge and
analyzed by high-pressure liquid chromatography - diode
array detection 

Extracted on Carbopak B solid-phase extraction cartridge and
analyzed by high-pressure liquid chromatography - diode
array detection 

Extracted on Carbopak B solid-phase extraction cartridge and
analyzed by high-pressure liquid chromatography - diode
array detection 

Extracted on Carbopak B solid-phase extraction cartridge and
analyzed by high-pressure liquid chromatography - diode
array detection 

Extracted on Carbopak B solid-phase extraction cartridge and
analyzed by high-pressure liquid chromatography - diode
array detection 

Extracted on Carbopak B solid-phase extraction cartridge and
analyzed by high-pressure liquid chromatography - diode
array detection 

Extracted on Carbopak B solid-phase extraction cartridge and
analyzed by high-pressure liquid chromatography - diode
array detection 

Extracted on Carbopak B solid-phase extraction cartridge and
analyzed by high-pressure liquid chromatography - diode
array detection 

Extracted on Carbopak B solid-phase extraction cartridge and
analyzed by high-pressure liquid chromatography - diode
array detection 

Extracted on Carbopak B solid-phase extraction cartridge and
analyzed by high-pressure liquid chromatography - diode
array detection 

Extracted on Carbopak B solid-phase extraction cartridge and
analyzed by high-pressure liquid chromatography - diode
array detection

Extracted on Carbopak B solid-phase extraction cartridge and
analyzed by high-pressure liquid chromatography - diode
array detection 

Extracted on Carbopak B solid-phase extraction cartridge and
analyzed by high-pressure liquid chromatography - diode
array detection 

Extracted on Carbopak B solid-phase extraction cartridge and
analyzed by high-pressure liquid chromatography - diode
array detection 

Extracted on Carbopak B solid-phase extraction cartridge and
analyzed by high-pressure liquid chromatography - diode
array detection

0.035 

.020 

.032 

.035 

.020 

.035 

.019 

.013

.035 Hg/L 

.018 Lig/L 

.050 (ig/L 

.035 

.026

.017 Lig/L 

.007 

.015 

.024
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Table B-13. Analytical grouping of pesticides in filtered water analyzed by high-performance liquid chromatography- 
Continued

[Method detection limit per 40 CFR 136, Appendix B (U.S. Environmental Protection Agency, 1991b); 
)ig/L, micrograms per liter.]

Compound name 
(common name)

Parameter 
code

Analytical method
Method

detection
limit

Reporting 
unit

Oryzalin (Surflan)

Oxamyl (Vydate)

49292

38866

Picloram, mono-acid- (Tordon) 49291

Propham (IPC, Chem-Hoe) 49236

Propoxur (Baygon) 38538

Silvex, mono-acid- (2,4,5-TP) 39762

Triclopyr, mono-acid- (TurfIon) 49235

Extracted on Carbopak B solid-phase extraction cartridge and 0.019
analyzed by high-pressure liquid chromatography - diode
array detection 

Extracted on Carbopak B solid-phase extraction cartridge and .018
analyzed by high-pressure liquid chromatography - diode
array detection 

Extracted on Carbopak B solid-phase extraction cartridge and .050
analyzed by high-pressure liquid chromatography - diode
array detection 

Extracted on Carbopak B solid-phase extraction cartridge and .035
analyzed by high-pressure liquid chromatography - diode
array detection 

Extracted on Carbopak B solid-phase extraction cartridge and .035
analyzed by high-pressure liquid chromatography - diode
array detection 

Extracted on Carbopak B solid-phase extraction cartridge and .035
analyzed by high-pressure liquid chromatography - diode
array detection 

Extracted on Carbopak B solid-phase extraction cartridge and .050
analyzed by high-pressure liquid chromatography - diode
array detection

1 Compound also analyzed by gas chromatography/mass spectrometry (Table B-12).

U-g/L

Table B-14. Analytical grouping oftriazine herbicides in filtered water

[Analyses performed by USGS Organic Geochemistry Research Laboratory, Lawrence, Kans.; Jig/L, micrograms per liter.]

Constituent name
Parameter 

code
Analytical method

Minimum
reporting

level

Reporting 
unit

Triazines, as Atrazine, Total 34575 Immunoassay 0.1
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Table B-15. Analytical grouping of dissolved trace elements in water

[mg/L, milligrams per liter; ng/L, micrograms per liter; u,S/cm, microseimens per centimeter at 25° Celsius.]

Name

pH, determined in laboratory

Parameter 
, Analytical method

code

00403 Electrometric, glass electrode

Specific conductance, determined in laboratory 90095 Electrometric, Wheatstone bridge

Barium

Cobalt

Iron

Lead

Manganese

Molybdenum

Strontium

Vanadium

Beryllium

Copper

Calcium

Magnesium

Lithium

Silica

Zinc

Cadmium

Sodium

Nickel

Chromium

Silver

01005 Inductively coupled plasma

01035 Inductively coupled plasma

01046 Inductively coupled plasma

01049 Inductively coupled plasma

01056 Inductively coupled plasma

01060 Inductively coupled plasma

01080 Inductively coupled plasma

01085 Inductively coupled plasma

01010 Inductively coupled plasma

01040 Inductively coupled plasma

00915 Inductively coupled plasma

00925 Inductively coupled plasma

01130 Inductively coupled plasma

00955 Inductively coupled plasma

01090 Inductively coupled plasma

01025 Inductively coupled plasma

00930 Inductively coupled plasma

01065 Inductively coupled plasma

01030 Inductively coupled plasma

01075 Inductively coupled plasma

Minimum
reporting

level

1

1

1

3

3

1

1

1

.5

6

.5

1

.02

.01

4

.01

3

1

.2

1

5

1

Reporting
unit

pH units

u,S/cm

|j,g/L

M-g/L

Mg/ L

M-g/L

Mg/L

M-g/L

|j,g/L

M-g/L

M-g/L

M-g/L

mg/L

mg/L

Mg/L

mg/L

Mg/L

M-g/L

mg/L

M-g/L

|j,g/L

M-g/L

Table B-16. Analytical grouping of total recoverable trace elements in water

[mg/L, milligrams per liter;

Element name

Barium

Beryllium

Cadmium

Chromium

Cobalt

Copper

Iron

Lead

Manganese

Molybdenum

Nickel

Silver

Strontium

Zinc

Lithium

Calcium

Magnesium

Sodium

Mg/U micrograms per liter.]

Parameter 
code

01007

01012

01027

01034

01037

01042

01045

01051

01055

01062

01067

01077

01082

01092

01132

00916

00927

00929

Analytical method

Atomic absorption, spectrometric direct

Atomic absorption, spectrometric direct

Graphite furnace atomic absorption

Graphite furnace atomic absorption

Graphite furnace atomic absorption

Graphite furnace atomic absorption

Graphite furnace atomic absorption

Graphite furnace atomic absorption

Atomic absorption, spectrometric direct

Atomic absorption, spectrometric direct

Graphite furnace atomic absorption

Graphite furnace atomic absorption

Atomic absorption, spectrometric direct

Atomic absorption, spectrometric direct

Atomic absorption, spectrometric direct

Atomic absorption, spectrometric direct

Atomic absorption, spectrometric direct

Atomic absorption, spectrometric direct

Minimum
reporting 

level

100

1

1

1

.2

1

1

1

1

1

1

1

1

1

1

.1

.1

.1

Reporting 
unit

Mg/L

M'g/'-

|j,g/L

M'g/'-

Mg/L

M-g/L

Mg/ L

M-g/ L

Mg/L

Hg/L

Mg/L

M-g/L

|j,g/L

M-g/L

Mg/ L

mg/L

mg/L

mg/L
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Table B-17. Analytical grouping of volatile organic compounds in water 

[fig/L, micrograms per liter.]

Compound name

Benzene

1 ,2,3-Trichlorobenzene

1 ,2,4-Trichlorobenzene

1 ,2,4-Trimethylbenzene

1 ,2-Dichlorobenzene

1 ,3,5-Trimethylbenzene

1 ,3-Dichlorobenzene

1 ,4-Dichlorobenzene

2-Chlorotoluene

4-Chlorotoluene

Isopropylbenzene

Bromobenzene

Chlorobenzene

Dimethylbenzene

Ethyl benzene

p-lsopropyltoluene

Methylbenzene

n-Butylbenzene

n-Propylbenzene

sec-Butylbenzene

tert-Butylbenzene

1,1,1 ,2-Tetrachloroethane

1,1,1 -Trichloroethane

1 , 1 ,2,2-Tetrachloroethane

1,1,2-Trichloroethane

1,1-Dichloroethane

1 ,2-Dibromoethane

1 ,2-Dichloroethane

Chloroethane

1,1,2-Trichloro-1,2,2-trifluoroethane

1,1-Dichloroethene

Chloroethene

cis-1 ,2-Dichloroethene

Tetrachloroethene

trans-1 ,2-Dichloroethene

Trichloroethene

Hexachlorobutadiene

Bromomethane

Bromochloromethane

Bromodichloromethane

Chloromethane

Dibromomethane

Chlorodibromomethane

Dichloromethane

Dichlorodifluoromethane

Tetrachloromethane

Tribromomethane

Parameter 
code

34030

77613

34551

77222

34536

77226

34566

34571

77275

77277

77223

81555

34301

81551

34371

77356

34010

77342

77224

77350

77353

77562

34506

34516

34511

34496

77651

32103

34311

77652

34501

39175

77093

34475

34546

39180

39702

34413

77297

32101

34418

30217

32105

34423

34668

32102

32104

Analytical method

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Gas chromatography, mass spectrometry

Minimum 
Reporting 

reporting . 
7 , unit 
level

0.2 Lig/L

.2 Lig/L

.2 Lig/L

.2 Lig/L

.2 Lig/L

.2 Lig/L

.2 Lig/L

.2 Lig/L

.2 Lig/L

.2 Lig/L

.2 Lig/L

.2 ng/L

.2 Lig/L

.2 (ig/L

.2 Lig/L

.2 (ig/L

.2 Lig/L

.2 Lig/L

.2 Lig/L

.2 Lig/L

.2 Lig/L

.2 Lig/L

.2 Lig/L

.2 ng/L

.2 Lig/L

.2 Lig/L

.2 Lig/L

.2 \ig/L

.2 Lig/L

.2 Lig/L

.2 Lig/L

 2 |J,g/L

.2 Lig/L

.2 Lig/L

.2 Lig/L

.2 Lig/L

.2 Lig/L

.2 Lig/L

.2 Lig/L

.2 Lig/L

.2 Lig/L

.2 Lig/L

.2 Lig/L

.2 Lig/L

.2 Lig/L

.2 Lig/L

.2 Lig/L
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Table B-17. Analytical grouping of volatile organic compounds in water  Continued

[jig/L, micrograms per liter.]

Compound name

Trichloromethane

Trichlorofluoromethane

Methyl tert-butyl ether

Naphthalene

1 ,2,3-Trichloropropane

1 ,2-Dibromo-3-chloropropane

1,2-Dichloropropane

1 ,3-Dichloropropane

2,2-Dichloropropane

1,1-Dichloropropene

cis-1 ,3-Dichloropropene

trans- 1 ,3-Dichloropropene

Styrene

Parameter . . , 
, Analytical method 

code

32106 Gas chromatography, mass spectrometry

34488 Gas chromatography, mass spectrometry

78032 Gas chromatography, mass spectrometry

34696 Gas chromatography, mass spectrometry

77443 Gas chromatography, mass spectrometry

82625 Gas chromatography, mass spectrometry

34541 Gas chromatography, mass spectrometry

77173 Gas chromatography, mass spectrometry

77170 Gas chromatography, mass spectrometry

77168 Gas chromatography, mass spectrometry

34704 Gas chromatography, mass spectrometry

34699 Gas chromatography, mass spectrometry

77128 Gas chromatography, mass spectrometry

Minimum 
reporting 

level

0.2

.2

.2

.2

.2

1.0

.2

.2

.2

.2

.2

.2

.2

Reporting 
unit

Hg/L

Hg/L

^g/L

^g/L

Hg/L

^g/L

Jig/L

Hg/L

fig/L

|ig/L

Hg/L

|ig/L

W?/L

Table B-1 8. Miscellaneous ground-water-quality analytes

[Analyses performed by USGS National Water-Quality Laboratory, Arvada, Colo., or USGS 
Lemoyne, Pa.; -, no data; mg/L, milligrams per liter; (ig/L, micrograms per liter; °C, degrees 
picoCuries per liter.]

Analyte name 
(abbreviation/acronym)

Methylene Blue Active Substances (MBAS)

Dissolved Organic Carbon (DOC)

Coliform, total

Coliform, fecal

Streptococci, fecal

Escherichia coli

Uranium, natural, as U, dissolved 

Uranium, natural, 2 sigma, dissolved

Uranium, natural, as U, dissolved 

Uranium, -natural, 2 sigma, dissolved

Radon 222, total

Radon 222, 2 sigma

Tritium, total

Tritium, 2 sigma, total

H-2/H-1 stable isotope ratio

O-18/O-16 stable isotope ratio

Parameter . . . 
, Analytical method 

code

38260 Spectrophotometry

00681 Ultraviolet promoted persulfate oxida­ 
tion and infared spectrometry

31501 24-hour incubation, 35°C, m-Endo media

31625 24-hour incubation, 44.5°C, m-Fc media

31673 48-hour incubation, 35°C, KF media

3 1 633 4-hour confirmation test, 35°C, NA-MUG 
media

22703 Fluorometry 1 

75900 Fluorometry 1

22703 Laser phosphorescence 2 

75900 Laser phosphorescence 2

82303 Liquid scintillation

76002 Liquid scintillation

07000 Electrolytic enrichment, liquid scintillation

75985 Electrolytic enrichment, liquid scintillation

82082 Isotope ratio mass spectrometry

82085 Isotope ratio mass spectrometry

Pennsylvania 
Celsius; mL,

Minimum 
reporting 

level

0.01

.1

1

1

1

1

1.0

.4

24+

-

1.0

--

-

-

District Laboratory, 
milliliters; pCi/L,

Reporting 
unit

mg/L

mg/L

colonies per 
100 ml

colonies per 
100 mL

colonies per 
100 mL

colonies per 
100 mL

Hg/L 

H8/L

Hg/L 

^g/L

pCi/L

pCi/L

pCi/L

pCi/L

per mil

per mil

1 1993. 
2 1994 and 1995.
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Table B-19. Habitat characteristics

[Unless otherwise noted, characteristic applies to entire stream reach.]

Characteristic Reporting unit(s) Notes

Reach conditions

Geomorphic channel unit length(s)

Reach length 

Stream type 

Channel width 

Bank width 

Flood-plain width 

Depth of stream 

Stream-flow velocity

Bed substrate 

Embeddedness 

Canopy angle 

Stream aspect 

Habitat features 

Bar/shelf/island width 

Bank angle 

Bank height 

Bank vegetation stability

Bank shape 

Bank erosion 

Bank substrate

Bank woody vegetation

Aquatic and riparian vegetation species

Comments

Text 

Meters

Meters

Descriptive keyword 

Meters 

Meters 

Meters

Feet and centimeters 

Feet/second and centime­ 
ters/second 

Code(s)

Code (percentage) 

Degrees 

Degrees

Code(s)/percentage(s) 

Meters 

Degrees 

Meters 

Code

Code

Code(s)

Code(s)

List

List, rank (5 most dominant)

Text

Description of general conditions of stream reach

Recorded for each pool, riffle, and run greater than 50 percent of
channel width

Measured at thalweg along reach 

Keyword selected from predefined list 

Measured at each of four to six transects within stream reach 

Measured at each of four to six transects within stream reach 

Measured at each of four to six transects within stream reach 

Measured at three points along each transect 

Measured with meter appropriate for depth and velocity conditions
at three points along each transect 

Code(s) selected from predefined list 

Code selected from predefined list 

Value between 0 and 180 degrees 

Value between 0 and 360 degrees 

Code(s) selected from predefined list 

Measured for each bar, shelf, or island within stream reach 

Measured for both left and right banks at each transect 

Measured for both left and right banks at each transect 

Code selected from predefined list; recorded for both left and right
banks at each transect 

Code selected from predefined list; recorded for both left and right
banks at each transect 

Code(s) selected from predefined list; recorded for both left and
right banks at each transect 

Code(s) selected from predefined list; recorded for both left and
right banks at each transect

Recorded for both left and right banks at each transect 

Recorded for both left and right banks at each transect 

Other pertinent ancillary information concerning habitat assessment
of stream reach at each transect
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