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Data-Collection Methods and Quality-Assurance/Quality-Control
Procedures Used in the Study of Episodic Stream Acidification
and its Effect on Fish and Aquatic Invertebrates in Four

Catskill Mountain Streams, New York, 1988-90

By Anthony J. Ranalli, Barry P. Baldigo, Debra A. Horan-Ross, and Ronald V. Allen

Abstract

The U.S. Geological Survey, in cooperation with
the U.S. Environmental Protection Agency, conducted
a 20-month study during 1988-90 to evaluate the
effects of episodic acidification on fish and aquatic
invertebrates in pristine headwater streams in the
Catskill Mountains of New York. The study was part of
the Episodic Response Project, a regional survey of
episodic acidification by the U.S. Environmental
Protection Agency, and was carried out simultaneously
with other studies in the Adirondack Mountains of New
York by the Adirondack Lake Survey Corporation and
in central Pennsylvania by Pennsylvania State
University.

This report summarizes the methods used,
describes the sampling sites, and presents the data
collected from October 1, 1988 through May 30, 1990
at four headwater watersheds (Biscuit Brook, East
Branch Neversink River, Black Brook, and High Falls
Brook). The study entailed (1) monitoring the quantity
and chemical quality of atmospheric deposition and the
quality and discharge of streams, and (2) experiments
to determine the effect of stream-water-quality changes
on fish and invertebrate populations.

INTRODUCTION

The Acid Precipitation Act of 1980 prompted
extensive research on acidic deposition and its effects
on aquatic ecosystems in the United States. This
research has included regional surveys to assess the
current state of surface-water acidification and to
predict the future susceptibility of surface waters to
acid precipitation (Omernik and Powers, 1982;
Linthurst and others, 1986; Lynch and Dise, 1986;
Landers and others, 1987; Kaufmann and others, 1988;
Bricker and Rice, 1989) as well as site-specific studies

to define processes of acidification within individual
watersheds (Chen and others, 1984; Galloway and
others, 1983; Driscoll and Newton, 1985; David, 1986;
Driscoll and others, 1986). Sampling for the regional
surveys was done only once or twice at each lake or
stream, usually under base-flow conditions, and
furthermore, models that have been developed predict
only the long-term trends and changes that could result
if current rates of acidic deposition decrease (Chen and
others, 1980; Cosby and others, 1985). Thus, most of
the research to date has focused on defining the
processes that control stream and lake acidification and
the extent of gradual, chronic acidification rather than
episodic acidification.

Recent research on individual watersheds in
Europe and North America has shown that streams also
can undergo significant temporary (hours to days) acid-
ification in response to rainstorms or snowmelt (Lynch
and others, 1986; Schaefer and others, 1990). These
acidic episodes can contribute a major part of the
annual hydrogen and aluminum loads of streams and
can have detrimental effects on fish and other aquatic
organisms.

Few research projects have been designed to simul-
taneously investigate both the physical and chemical
factors that cause acidic episodes and their effects on
fish because fish response to episodic chemical changes
is difficult to measure in the field. As a result, most of
the research that has been done on episodic acidifica-
tion has focused on “biologically relevant” water-qual-
ity changes rather than on the fish themselves. The
concentrations of “biologically relevant” constituents
that cause fish mortality or morbidity in the field are
undocumented, however, and whether fish can detect
areas of less acidic waters (known as refugia) and move
to them during these acidic episodes is unknown.
Research that has focused directly on fish behavior is
inconclusive. Kretzer (Adirondack Lake Survey
Corporation, written commun., 1987) has shown that
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the sensitivity of fish to hydrogen-ion and aluminum
concentrations in streams is dependent upon the
species and life stage. Laboratory experiments and field
bioassays by VanWinkle and others (1986) have shown
that fish morbidity and mortality result from episodic
as well as chronic lake and stream acidification, but
field studies have also shown that the response of fish
populations to acidification is variable (Gunn, 1986).
Thus, the effects of episodic acidification on fish are
poorly understood, and the available data pertain only
to specific lakes and streams and do not reveal the
regional extent of these effects.

To address concerns over the potential for
episodic acidification of aquatic ecosystems in the
United States, the U.S. Environmental Protection
Agency (USEPA) in 1988 developed the Episodic
Response Project (ERP), the objectives of which were
to:

1. Define the magnitude, duration, and frequency of
episodic chemical changes in streams during
snowmelt periods and rainstorms,

2. Ascertain the extent to which episodic chemical
changes in streams affect fish populations and
note the frequency of episodes that cause these
effects,

3. Obtain information on processes and factors that
affect the severity of episodic chemical changes in
streams, and

4. Develop and test episodic-chemistry models to
make predictions of regional episodic acidifica-
tion.

Although episodic acidification is a potential
problem in many parts of the United States, the ERP
was limited to three high-priority regions that are
known to be affected by acidic deposition—the
Catskill Mountains of southeastern New York, the
Adirondack Mountains of northern New York, and the
Northern Appalachians of west-central Pennsylvania
(fig. 1). In each of the three regions, stream biology,
stream chemistry, and watershed hydrology were
investigated, and the three studies were done simulta-
neously. The project objectives, especially the devel-
opment of regional chemical, models, required that
the data be comparable among the three regions;
therefore, the protocols for equipment, methods,
sampling schedules, and Quality Assurance/Quality
Control (QA/QC) procedures for all phases of the
study were uniform among the three research groups.
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Figure 1. Location of study sites within the three regions
of the Episodic Response Project in New York and
Pennsylvania.

Purpose and Scope

This report summarizes results from the Catskill
study area, the region investigated by the U.S. Geolog-
ical Survey (USGS). The report describes the climate,
geology, soils, vegetation, and land use in the region,
describes the location and physical characteristics of
the four watersheds studied, and discusses in detail the
sampling techniques and the laboratory methods and
QA/QC procedures used in the study. It also documents
deviations from the ERP Integrated Quality Assurance
Plan (Peck and others, 1988) and presents data
collected for QA/QC experiments for various compo-
nents of the study (such as comparison studies of
different types of sample filters). Appendix tables give
stream-discharge data and water-quality data for
streams, snow cores, and snow lysimeters,
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SITE DESCRIPTION

Four headwater streams (each having drainage
areas less than 24 km?) in Ulster County, N.Y., were
selected for the Episodic Response Project by the
USGS. These streams are Biscuit Brook and High
Falls Brook, both of which are tributary to the West
Branch Neversink River, Black Brook, which is tribu-
tary to the Beaverkill, and the upper reaches of the
East Branch Neversink River (fig. 2). The watersheds
of these streams lie within the Catskill State Park,
which consist of State-owned land (classified as New
York State Forest Preserve Lands) and privately
owned land.

The USGS has been investigating water quality
within the Catskill region since the early 1980’s,

largely because this area contains six reservoirs that
supply drinking water to New York City. Three of the
four streams discussed in this report (fig. 2) flow into
the Neversink Reservoir (fig. 3) and have been moni-
tored monthly by the USGS since 1983 for discharge
and stream chemistry as part of the USEPA Long
Term Monitoring (LTM) study. The fourth stream,
Black Brook, is a first-order tributary to the Beaverkill
(fig. 3). Biscuit Brook (fig. 2) has been monitored
continuously for discharge and weekly for water
chemistry since 1983; it also was sampled during
several storms in 1985 as part of an earlier USEPA-
funded project. Both Biscuit Brook and High Falls
Brook were included in the USEPA national stream
survey as “special interest” sites. All four streams ulti-

mately drain into the Delaware River (fig. 1).
[
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The four streams were selected to represent a range
of chemical conditions and include:

¢ One stream that is acidic most of the year with an
acid-neutralizing capacity (ANC) less than 0.

e Two control streams that did not become acidic at
any time during the year (ANC always greater than
0), and

¢ At least one stream with positive ANC during low
flows but negative ANC during high flows.

Black Brook and High Falls Brook are well-buff-
ered trout streams that do not become acidic during
high flows, although High Falls Brook has large
declines in ANC during storms. Both streams were
considered “control streams” because the ANC did not
fall below O peq/L during any storm observed in the
study. Biscuit Brook experiences several acidic
episodes each year but has ANC values greater than O
and healthy populations of brook trout (Salvelinus
fontinalis) and sculpin (Cortus cognatus) . The East
Branch Neversink River is acidic most of the year but
contains a brook trout population during the summer
base-flow period. These four streams met the USEPA
criteria for site selection and provided a suitable range
of conditions for assessment of fish response to acidic

episodes. Physical characteristics of these four water-
sheds are presented in table 1.

Climate

The climate of the region is classified as humid
continental marked by extreme seasonal changes in
temperature. The winters are cold, and the summers
cool. Average annual air temperature, as determined
from 24 years of data at the National Weather Service
station at Slide Mountain (fig. 1), is 5°C (National
Oceanic and Atmospheric Administration, 1950-85).
The average January temperature is -9°C, and the aver-
age July temperature is 17°C. The area typically has
155 frost-free days (Tornes, 1979).

Although precipitation is evenly distributed
throughout the year, the annual volume varies locally
within the Catskill region and is greatest in the high,
central elevations that contain the four study streams.
Average annual precipitation, as determined from 32
years of data at the National Weather Service station at
Stide Mountain, near the center of the study area, is 157
cm (National Oceanic and Atmospheric Administra-
tion, 1950-1985).

Table 1. Physical characteristics of the four study watersheds above stream gage.
[Locations are shown in fig. 2; m, meters; km, kilometers; km?, square kilometers]

Stream

East Branch

Black Brook High Falls Brook Biscuit Brook Neversink River

Quadrangle (7 1/2-minute) Seager Claryville Claryville Peekamoose
USGS station identifier 01417822 01434105 01434025 0143400680
Stream gage:

Latitude (degrees, minutes, seconds) 42°00'42" 41°58'38" 41°59'43" 41°58'01"

Longitude 74°36'13" 71°3121" 74°30'05" 74°26'54"

Elevation above sea level (m) 681 591 628 652
Stream:

Order 1 2 2 2

Length (km) 3.73 4.88 4.54 8.42

Slope (m/km) 45 60 45 26
Watershed:

Maximum elevation (m) 1140 1170 1120 1280

Minimum elevation (m) 681 591 628 652

Relief (m) 459 579 492 628

Area above gage (km?) 3.65 7.15 9.84 23.1
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Physiography and Bedrock Geology

The following discussion is paraphrased from
Murdoch (1991). The Catskill Mountains form the
northeastern end of the Appalachian Plateau and
consist of flat-lying sedimentary rocks overlain by
varying thicknesses of till and alluvium (Rich, 1934).
Headwater watersheds in the Catskill Mountains
generally have steep gradients with thin soils and
extensive bedrock outcrops. The stream channels are
commonly bedrock or large cobbles. The region ranges
in elevation from about 427 m at its lowest part, at the
Neversink Reservoir to 1,281 m at Slide Mountain
(Tornes, 1979).

The Catskill Mountains consist of high ridges that

are the erosional remnants of a massive Devonian delta;
they were formed as streams cut down through the flat-
lying rocks during the regional uplift (Rich, 1934). The
geologic history of the area is described in detail by
Rich (1934). The sedimentary rocks of the Catskills
were derived from mountains that stood in what is now
New England and southeastern New York. At the same
time, a shallow .sea covered western New York and
Pennsylvania and extended into the Mississippi valley.
Between those mountains and the sea, in what is now
the Catskill region, was a massive delta upon which the
rivers from the mountains to the east were depositing
gravel, sand, and silt. These sediments were relatively
coarse on the eastern side, near the mountains, and
became finer, grading into sand and silt in a seaward
(westward) direction, and accumulated to a thickness
of several thousand feet as the land beneath subsided.
Eventually, as the mountains to the east were eroded,
sediment deposition on the delta gradually slowed. The
Catskill delta has since been uplifted and now stands at
an elevation higher than the region of New England
from which its sediments were derived.

Geographically the region is divided by three
northwest-southeast-trending parallel escarpments
(fig. 3) that form divides between the major Catskill
river basins (Rich, 1934). The northeastern and
central scarps are cuestas formed by the outcrop of
resistant rocks dipping southwestward (Rich, 1934),
and the topography and drainage seem to be
controlled more by the structure of the underlying
bedrock than by its resistance to erosion. The southern
scarp, which contains the study area, is irregular, and
its topography seems to be controlled more by rock
resistance than by structure, although the drainage in
this area seems to be controlled by structure because

the East and West Branches of the Neversink River,
the upper reaches of Rondout Creek, and the upper
reaches of the Beaverkill are all essentially parallel to
the strike of the underlying bedrock (Rich, 1934).
The bedrock of the Catskills affects the topography of
the region through its nearly horizontal bedding
planes and joints, which are exposed at or near land
surface. In most places, the bedrock is fractured by
three nearly perpendicular joint sets, one of which is
parallel to the bedding plane (Parker and others,
1964). Joints at oblique angles are also common. The
joint fractures are zones of weakness along which
quarrying by glacial ice occurred. This resulted in a
“staircase” topography of many flat surfaces adjacent
to vertical cliffs.

The bedrock of the Catskill Mountains consists of
interbedded Devonian sandstone, siltstone, shale, and
conglomerate. Sandstone and interbedded conglomer-
ates make up 60 percent of the bedrock; shale and silt-
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from Rich, 1935, fig. 1
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stone account for the remaining 40 percent. Mineral
composition in the Catskill region is fairly uniform.
Quartz is the dominant mineral and represents about 39
percent of the bedrock material; other minerals found
in appreciable amounts are muscovite and amphibole
(Ethridge, 1977). Calcite and hematite, which are the
primary interstitial cement materials, are also present,
but only in small amounts (Way, 1972). Way (1972)
reported pyrite and calcite in the shale south and north-
east of the study area; thus, small amounts of both
minerals could be present in the watersheds. The
bedrock is considered relatively unreactive. Parker and
others (1964) reported that the low specific conduc-
tance of streams of the study area (less than 30 pS/cm)
during base-flow periods and the low dissolved-solids
concentration in ground water from bedrock wells
suggests slow chemical weathering of the bedrock.

Surficial Deposits

The surficial deposits in the Catskill Mountains
are a combination of glacial deposits derived from
repeated glaciations and recent alluvium. Rich (1934)
mapped thick drift in the valleys and thinner ground
moraine (till) on the high slopes in the upper Beaver-
kill and East Branch Neversink basins. Although he
did not map the upper High Falls Brook or Biscuit
Brook watersheds, he mapped pockets of thick drift in
the lower reaches of both basins and noted morainic
loops (unstratified drift deposited at the base of local
and continental glaciers) midway up the Biscuit
Brook basin. Ozsvath and Coates (1986) have
described the glacial deposits in headwater water-
sheds throughout the Catskill region as a relatively
thin layer (0.25 to 2.0 m thick) of a lodgment till
(diamicton) derived from the basal layer of the
Laurentide ice sheet. Ozsvath and Coates (1986) state
that the till has undergone colluviation on most valley
walls. Properties of the till are as follows: (1) it
consists of locally derived sediments, (2) it rests
directly on bedrock in headwater watersheds through-
out the Catskill region, (3) it is dense and compacted,
(4) its texture is relatively uniform, and (5) it lacks
associated or interbedded sediments. Recent alluvial
deposits on modern flood plains extend above the
monitoring stations in the Black Brook and East
Branch Neversink basins. The presence and position
of morainic loops led Rich (1934) to conclude that the
ice sheet flowed down the valleys of the Beaverkill
and both branches of the Neversink.

Glacial deposits in the valleys of the upper East and
West Branch Neversink Rivers, which include the water-
sheds above the gaging stations at Biscuit Brook, High
Falls Brook, and the East Branch Neversink River, are
reported by Rich (1934) to be from an alpine glacier
emanating from the south side of the Slide Mountain
group of peaks. Rich (1934) states that the moraines he
mapped at Ladleton, in the valley of the East Branch
Neversink River, and at Branch, in the valley of the West
Branch Neversink River, mark the limits of the more
recent glaciation and are much younger than the drift
further down the valleys. His conclusions are based on
the presence of wide postglacial flood plains down-
stream of both these moraines, which indicate the rela-
tive antiquity of glaciation in this part of the valley. He
also notes the absence of significant moraines higher up
those valleys and judges those lower down to be much
older than the upper ones.

Soils

The U.S. Soil Conservation Service has mapped the
soils of this region and classified them into seven general
categories and many more detailed soil types (Tornes,
1979). The soils of the Catskill Mountains are classified
in the Amot-Oquaga-Lackawanna general category.
These soils are thin to deep, excessively to moderately
well drained, and predominantly very steep and medium
textured on uplands (Tornes, 1979). Soils in most of the
Catskills have developed on till. Because till is derived
mainly from the underlying bedrock, the soils’ chemical
and physical properties generally reflect those of the
bedrock in the study area (Tornes, 1979).

Soils in the watersheds studied are varied but are
mainly shallow boulder soils on steep slopes and thus,
are conducive to rapid runoff of precipitation . They
also are moderately to extremely acidic. The Biscuit
Brook and High Falls Brook watersheds contain
mainly Arnot and Oquaga soils, the East Branch Never-
sink River watershed contains mainly Lackawanna
soils, and the Black Brook watershed contains Wells-
boro soils. Recent alluvial deposits are present in the
flood plain of Black Brook and the East Branch Never-
sink River near the respective gaging stations. A brief
description of the properties of the common soil types
in these watersheds is given in table 2; the percentage
of each watershed that is covered by each soil type is
given in table 3. Soils maps of the four watersheds are
presented in appendix 5.
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Table 2. Properties of the soils within the four watersheds studied.
[Data from Tornes, 1979, p. 11-92 and 254-261. Soil distribution within each watershed is shown in appendix 5.

[in/h, inches per hour]

Soil Type Abbreviation Soil Properties

Alluvium AA Consists of deep, unconsolidated alluvium that is commonly redeposited by
stream overflow. Texture varies widely within a short distance, and the soil has
little or no profile development. These areas are gravelly, very gravelly,
cobbly, or stony.

Arnot-Oquaga-Rock ARF Consists of 40 percent Arnot very bouldery silt loam, 30 percent Oquaga very

outcrop complex: bouldery silt loam, 20 percent rock outcrop, and 10 percent other soils. The

very steep Arnot soils are shallow and somewhat excessively drained to moderately well
drained. The Arnot subsoil extends to a depth of 14 inches, where it encounters
dusty red fractured shale bedrock. The Oquaga soils are moderately deep and
well drained to excessively drained. The Oquaga subsoil extends to a depth of
26 inches where it rests on olive-gray sandstone bedrock. Reaction is extremely
acid to medium acid throughout both soils. Infiltration rate ranges from 0.6 to 2.0
in/h.

Lackawanna and LCD Both soils are deep and well drained. The Lackawanna subsoil extends to a depth

Swartswood very of 80 inches. The Swartswood subsoil extends to a depth of 60 inches. Reaction

bouldery soils: is very strongly acid or strongly acid in the surface layer of the Lackawanna soils

moderately steep and extremely acid to strongly acid in the surface layer of the Swartswood soils.
Maximum infiltration rate ranges from 0.6 to 2.0 in/h; slightly lower at depth.

Lackawanna and LCF Properties of this group are similar to those of the LCD group, except that this

Swartswood very group is found on steeper slopes (ranging from 35 to 70 percent).

bouldery soils: very

steep

Lackawanna and LEE Properties of this group are similar to those of the LCD group except that boul-

Swartswood
extremely bouldery
soils: steep

Oquaga-Arnot-Rock
outcrop complex:
sloping

Oquaga-Arnot-Rock
outcrop complex:
moderately steep

ORC

ORD

ders and slope dominate this unit so much that the difference between the Lack-
awanna and Swartswood soils is relatively unimportant. Maximum infiltration
rate ranges from 0.6 to 2.0 in/h and is slightly lower at depth.

Consists of 35 percent Oquaga channery silt loam, 2.5 percent Arnot channery
silt loam, 15 percent rock outcrop, and 25 percent other soils. The Oquaga soils
are moderately deep and are well to excessively drained. These soils are mainly
on the base of slopes and on benches, where the depth to red-shale bedrock is
about 32 inches. The Arnot soils are shallow and are somewhat excessively
drained to moderately well drained. These soils are intermingled with outcrops
on slope breaks and on the front part of benches, where the depth to red-shale
bedrock is about 17 inches. Reaction is extremely acid to medium acid through-
out both soils. Infiltration rate ranges from 0.6 to 2.0 in/h.

Consists of 35 percent Oquaga very bouldery silt loam, 30 percent Arnot very
bouldery silt loam, 15 percent rock outcrop, and 20 percent other soils. Proper-
ties of this soil group are similar to those of the ORC group except that the
Oquaga group overlies gray sandstone. Infiltration rate ranges from 0.6 to
2.0in/h.

Site Description
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Table 2. Properties of soils within the four watersheds studied (continued).

Soil Type

Abbreviation

Soil Properties

Rock outcrop-Arnot
complex: sloping

Rock outcrop-Arnot
complex: steep

Rock outcrop-Arnot
complex: very steep

Scriba and Motris
extremely bouldery
soils: gently sloping

Wellsboro and Wurts-
boro very bouldery
soils: gently sloping

Wellsboro and Wurts-
boro extremely boul-
dery soils: gently
sloping

‘RXC

RXF

SGB

WLB

WOB

Consists of 45 percent rock outcrop, 30 percent Arnot channery silt loam or channery
loam, and 25 percent other soils. This unit is mainly on the tops of the mountains. The
Arnot soils are shallow, and somewhat excessively drained to moderately well drained.
Thick-bedded gray sandstone and siltstone underlie the Arnot soil at a depth of about
17 inches. Reaction is extremely acid to medium acid throughout these soils.
Infiltration rate ranges from 0.6 to 2.0 in/h.

Consists of 45 percent rock outcrop, 30 percent Arnot very bouldery loam or very boul-
dery silt loam, and 25 percent soils of minor extent. Properties of this soil group are
similar to those of the RXC group except that depth to bedrock under the Arnot soil is
about 14 inches.

Consists of 55 percent rock outcrop, 30 percent Arnot extremely bouldery loam and
extremely bouldery silt loam, and 15 percent other soils. Properties of this soil group
are similar to those of the RXE group. Infiltration rate ranges from 0.6 to 2.0 in/h.

Consists of deep, somewhat poorly drained soils. Boulders dominate this unit so much
that the difference between the Scriba and Morris soils is relatively unimportant. Depth
to bedrock ranges from about 20 to about 80 inches. Reaction ranges from strongly

acid to neutral. Maximum infiltration rate ranges from 0.6 to 2.0 in/h; lower at depth.

The Catskill Mountains contain the Wellsboro soil group, which is deep and moder-
ately well drained on glaciated uplands. Depth to bedrock is about 50 inches. Reaction
is strongly acid to medium acid. Maximum infiltration rate ranges from 0.6 to

2.0 in/h; lower at depth.

Properties of this group are similar to those of the WLB group except that these soils
are found below rock ledges in glaciated uplands. Maximum infiltration rate ranges
from 0.6 to 2.0 in/h; lower at depth.

8

Table 3. Soil distribution within each of the four watersheds studied.

[All values are in percent. Watershed locations are shown in fig. 2. Soil-type abbreviations
are explained in table 2. <, less than. Dashes indicate group is absent]

East Branch

Soil Type Biscuit Brook Black Brook Neversink River High Falls Brook
AA <1 1 7 <1
ARF 30 35 24 24
LCD 2 17 — 10
LCF <1 — 7 —
LEE — — 24 —
ORC <1 4 <1 4
ORD 12 22 9 17
RXC 2 e <1

RXE — 1 2
RXF 42 e 23 15
SGB — — 2 —
WLB 2 21 — 6
WOB — — 1 —

Data-collection and Quality-Assurance/Quality-Control Procedures used in Study of Four Catskill Streams, 1988-80



Vegetation and Land Use

The four watersheds selected for this study are 100
percent forested and are considered pristine. The vege-
tation in the forests is almost entirely deciduous trees,
interspersed with a few stands of conifers. The most
common deciduous trees are beech and yellow birch;
the most common conifer is hemlock. The percentages
of deciduous trees and conifers in each of the four
watersheds are given in table 3.

Table 4. Percentage of each watershed covered by
deciduous, conifer, and mixed deciduous-conifer forest

[Locations are shown in fig. 2.]

Watershed Deciduous Conifer Mixed
Biscuit Brook 95 | 4
Black Brook 93 2 5
East Branch
Neversink River 34 24 42
High Falls Brook 80 3 17

Most of the land within the watersheds studied is
owned by the New York State Department of Environ-
mental Conservation, which limits land use to recre-
ational activities such as hiking, camping, hunting, and
fishing. Land use in the four watersheds has been
classified as forest land by the New York State Land
Use and Natural Resources Inventory of Cornell
University (1969). This classification consists of land
areas with natural stands where at least 50 percent of
the trees are over 50 years old and over 9 m high.

The entire Black Brook watershed and the majority
of the East Branch Neversink River watershed are on
State-owned land. A small amount of land within the
East Branch Neversink River watershed from just
above the gage to just below it is privately owned
(Strauss estate, fig. 2) but is still pristine. Most of the
High Falls Brook and Biscuit Brook watersheds also
are on State land, but the lower reaches, where the
gages are located, are owned by the Frost Valley
YMCA Camp. The YMCA uses this property for an
environmental education center, a summer camp, and
environmental research. Some logging was done in the
watershed of High Falls Brook when the U.S. Forest
Service, in conjunction with the Frost Valley YMCA,
undertook an experiment to improve timber-stand qual-
ity during 1984-85. This involved reducing stand
density to 60 percent in three stands on the eastern side
of the watershed. An analysis of water-quality data
from High Falls Brook as part of the Long-Term Moni-

toring Project has shown that this logging has not
affected stream-water quality (P.S. Murdoch, U.S.
Geological Survey, written commun., 1990). The only
other possible adverse effect of land use on these water-
sheds is from road salt in the winter. Biscuit Brook and
High Falls Brook are the only streams that could be
affected by road salt, but the gages on both streams are
far enough upstream from the road that they are not
affected. Effects of human activity on water quality in
these four watersheds are thus considered minimal.

FIELD METHODS

Streamflow-gaging stations were installed at
Biscuit Brook in August 1983 and at Black Brook, East
Branch Neversink River, and High Falls Brook from
August through October 1988 for collection of water-
quality and discharge data. The stream-gaging loca-
tions were selected mainly to maximize the accuracy of
the stage-to-discharge relation. A detailed discussion of
the stream-channel characteristics necessary for accu-
rate measurement of stream stage and discharge is
given in Rantz and others (1982).

The primary monitoring program for the ERP in
the Catskill Mountains was as follows: Stream-water-
quality monitoring included (1) manual base-flow
sampling at weekly intervals, (2) automated sampling
during changes in stream stage, and (3) continuous
onsite monitoring of pH, specific conductance, and
water temperature. Deposition monitoring included (1)
weekly and storm-by-storm collection of wet-deposi-
tion samples, and (2) snowpack and snowmelt
sampling during the winter. Hydrologic monitoring
included (1) continuous measurement of stream stage,
precipitation volume, and air temperature; (2) measure-
ment of stream discharge over a range of flow condi-
tions; and (3) measurement of snowpack volume
during the winter. Biologic monitoring included (1)
several estimates of fish populations by electrofishing
methods, (2) periodic collection of invertebrate
samples for qualitative species-diversity and abun-
dance estimates, and (3) bioassay experiments in which
fingerling brook trout were held in cages during a series
of acidic flows (during storms or snowmelt) in the
spring and fall. Field methods and QA/QC procedures
for each of these activities are described in the follow-
ing sections. A detailed discussion of how the data were
collected in each phase of the study were evaluated and
how they met the overall objectives of the ERP is given
in Peck and others (1988, sec. 2.2).
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Instrumentation

The instrumentation for measuring stream chem-
istry and stage consisted of USGS minimonitors,
ISCO'automated samplers, and Druck pressure trans-
ducers. The minimonitors measured stream pH,
specific conductance, and water temperature onsite;
the automated samplers collected stream-water
samples during rainstorms and snowmelt; and the
pressure transducers measured stream stage. The
primary source of stage data at Biscuit Brook, in
addition to the transducer system, was a manometer
coupled to digital and graphic recorders. These instru-
ments were interfaced to a data logger, which was
programmed to set sampling and measurement times
according to changes in stream stage; it also stored the
data collected. The instruments were housed in a
heated 1.8- by 1.8- by 2.1-m shelter equipped with
battery power and recharged by photovoltaic cells.
The cables for the minimonitor’s pH, conductance,
and temperature probes, the automated sampler’s
sampling tube, and the pressure transducer were all
enclosed in PVC pipe to prevent damage by animals
or vandals and were bolted to the channel bed to
prevent movement. The pipes containing the mini-
monitor probes and automated-sampler intake were
fastened to bedrock in the stream channel at a point
where the water was constantly flowing. At all
streams, this was within 3 m of the stream bank. The
pipe for the pressure transducer was fastened to
bedrock at a point away from turbulent flow.

Hydrologic Data Collection

The following paragraphs describe the frequency
and method of sampling and the QA/QC procedures
used for the measurement of (1) stage and discharge,
and (2) volume of precipitation, snowpack, and snow-
melt.

Stage and Discharge Measurement

The measurement of stream stage and discharge
and the development of stage-to-discharge rating
curves for converting values of stage into discharge was
done in accordance with procedures described in Rantz
(1982). Stage was measured directly from a staff gage
in a relatively stable pool during station visits, and

L Use of trade, product, or firm names in this publication is for
descriptive purposes only and does not imply endorsement by
the U.S. Government.

between visits by a pressure transducer immersed in
the stream. In addition, stage at Biscuit Brook was
monitored by a manometer coupled with a digital
graphic recorder. The transducer was interfaced to a
datalogger and placed inside a 2-inch (5 cm) PVC pipe
that was bolted to bedrock in the stream channel as
close as possible to the staff gage. Stage values were
converted to discharge from rating curves developed
for each stream. (The curves consist of discharge
measurements made over a wide range of stages and
plotted against the stages at which they were
measured). This involves making discharge measure-
ments over a wide range of stage and plotting the
discharge against the stage at which it was measured.
The USGS ADAPS software was used to convert the
transducer stage values to discharge values in accor-
dance with the rating curve for each site.

The QA/QC procedures for this component of the
study consisted of checking the accuracy of the pres-
sure transducers on each site visit and making
frequent discharge measurements. Checking the accu-
racy of the pressure transducers involved reading the
staff gage and comparing the reading with that
recorded by the data logger. If the two readings
differed by more than 0.05 cm, the data-logger offset
for the pressure transducer was readjusted. Frequent
discharge measurements were made to ascertain
whether the control was stable. The control configura-
tion determines the depth of water in the pool in which
the staff gage is placed. In streams as small as the ones
used in this study, the control and, therefore, the stage-
to-discharge relation, are subject to frequent shifts as
a result of scouring or filling in with sediment after
high flows, accumulation of leaves during the fall, and
the buildup of ice. Therefore, the discharge of each
stream was measured after every major high flow to
verify the stage-to-discharge rating. If a change in the
rating was noted, a series of discharge measurements
was made until a new rating could be developed.
Discharge was measured weekly at all sites during the
fall and winter because ice buildup on the control can
cause the stage-recording instruments to register high
values that do not reflect increased streamflow.
Discharge was measured at these times to determine
the discharges at these high stages. No duplicate
discharge measurements were made by a second
observer as recommended by Peck and others (1988,
sec. 6.3.2.2.2) because the frequent discharge
measurements were judged to be of satisfactory qual-
ity and did not warrant duplication.
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Wet-Deposition Sampling

Precipitation volume was measured weekly with
Belfort weighing-bucket rain gages at Biscuit Brook,
Black Brook, and at the Strauss Estate on the East
Branch Neversink River (fig. 2). The weighing-bucket
rain gage at Biscuit Brook has been operated since
1983 as part of the National Trends Network (NTN)
program, and those in the Black Brook and East Branch
Neversink River watersheds were installed in the fall of
1988. During the weekly site visits, the strip-chart
recorders on the rain gages were replaced, the strip
chart recorders for the previous week were read manu-
ally, and a daily precipitation value was recorded.
Details on the processing of the volume data from the
three weighing-bucket rain gages are given in Bigelow
and Dossett (1988). Weighing-bucket gages were cali-
brated periodically with weights designed to represent
specific rainfall amounts. QA/QC methods for the
weighing- bucket rain gages are described in Peck and
others (1988, sec. 6.3.3.1 and 6.3.3.2).

Snowpack Sampling

The snowpack was sampled biweekly during the
period of accumulation and weekly during the spring
snowmelt in the watersheds of Black Brook, Biscuit
Brook, and the East Branch Neversink River. Samples
were collected with an Adirondack snow tube from a
snow-measuring course that consisted of five 10-m by
10-m plots. These plots were at equal elevations within
each watershed and were roped off to prevent foot traf-
fic. Each plot was cleaned of debris such as rocks and
logs before snowpack accumulation. Snow depth was
measured from the scale on the outside of the snow
tube, and the measurements were averaged for a water-
shed value. One sample was collected from each plot
during each sampling visit, then composited into one
sample representing all stations along the snow course.
The sample was then melted at room temperature and
weighed to determine average water content. Minimal
snowpack development during the winter of 1988-89
prevented snow-core-sample collection. A detailed
description of the sampling technique and QA/QC
methods used for snowpack sampling is given in Peck
and others (1988, sec. 6.3.3.3).

Snowmelt Sampling

Two snow lysimeters were installed near the gage
house at Biscuit Brook to collect snowmelt water and
were sampled continuously throughout the spring

snowmelt period of 1990. The lysimeters were 0.9-m
by 1.2-m trays made out of 1/4-in (0.6 cm)-thick plate
PVC. The edge of each tray was 10.2 cm high. The
lysimeters were placed flush on the ground such that
a drain at one end of each tray directed meltwater to
19-L plastic carboys that were placed in pits below the
lysimeters. A tipping-bucket rain gage was placed
between the carboy and the lysimeters in one
lysimeter pit to measure melting rates. As the snow
melted, the water was channeled down to the drain
end of the lysimeter and through the tipping-bucket
rain gage to the carboy. The lysimeters were checked
daily, and daily meltwater volumes were measured.
Snow lysimeters were operated during the winter of
1989-90. QC procedures consisted of running a field
blank through the lysimeters before and after the
SNOW season.

Stream-Water and Deposition Sampling

The water-quality data represented pH, specific
conductance, ANC, and concentrations of dissolved
calcium, magnesium, potassium, sodium, chloride,
nitrate, sulfate, silica, total aluminum, and organic
carbon (DOC) in base-flow and stormflow samples.
Additional samples were taken from selected streams
during storms and analyzed for total monomeric
aluminum, organic monomeric aluminum, and oxygen
isotope concentrations. Selected “grab” samples were
analyzed for dissolved inorganic carbon (DIC). The
following paragraphs describe the frequency and
method of sampling and the QA/QC procedures used
for manual and automated collection of stream and
atmospheric-deposition samples.

Manual Stream-Water Sampling

Stream-water samples were collected manually for
routine chemical analysis once a week at each stream
during the study. These “grab” samples were collected
in 2-L Teflon bottles at midstream, just downstream
from the minimonitor probes. Sample collection
involved rinsing the bottle three times with stream
water, then collecting a sample in well-mixed flow. The
bottle was capped and brought to the field laboratory at
Frost Valley for filtering. Because the stream channels
are narrow and shallow, and the flow is turbulent, a
sample taken at midstream was assumed to be repre-
sentative of the average water chemistry at the cross
section of the sampling site.
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The QA/QC procedures for the “grab” samples
consisted of bottle washing by specified procedures
and the processing of field blanks and field natural
audit samples as described below. Bottle-washing
procedures consisted of rinsing the bottle three times
with deionized water, dislodging particulate matter in
the bottle with a clean bottle brush, then filling the
bottle 1/4 full with deionized water and adding
several drops of a low-ionic-strength soap. The bottle
was then capped and shaken vigorously, rinsed until
all soap was removed, and then rinsed three more
times. Bottles were finally filled with deionized
water, capped, and left for 48 hours, after which 10
percent of the bottles were checked for specific
conductance. If specific conductance values
exceeded 1.0 uS/cm, all bottles were again washed
and rechecked after 48 hours. This process continued
until the bottles were discarded or met the specific
conductance criteria.

Field blanks were samples of deionized water that
were taken into the field, poured into a sample bottle,
and subsequently processed as though they were
routine water samples. These samples were used to
monitor and assess background contamination from
sample collection, processing, and analysis. Field
blanks were collected after about every 20 samples, and
the transfer of deionized water to the field bottle was
rotated among the four streams and among sampling
devices (grab-sample containers and automated
samplers).

Field natural audit samples were water samples
from lakes that were chemically similar to the streams
being studied and have been shown to remain stable
over time (Peck and others, 1988, sec. 5.2.2). These
natural audit samples have a known chemical concen-
tration and were used to assess the precision and bias
associated with sample collection, processing, and
analysis. Samples from two Adirondack lakes in New
York (labeled FN9 and FN10) were used during the
project. Two 2-L amber-colored high-density polyeth-
ylene (HDPE) plastic bottles, each containing one of
the natural audit samples, were sent to the field labo-
ratory at Frost Valley every month by Lockheed Engi-
neering and Science Company (hereafter referred to
as Lockheed) in Las Vegas, Nev. They were processed
in the same manner as the field blanks and were
rotated among the four streams and among sampling
devices (grab-sample containers and automated
samplers).

Automated Streamwater Sampling

Stream stage and water chemistry were monitored
continuously at each site throughout the study; stage
was measured every 15 minutes, and stream pH,
specific conductance, water temperature, and air
temperature every hour. During high flows, pH,
specific conductance, water temperature, and stage
were measured every 15 minutes during the entire
storm and every time an automated sampler was trig-
gered. The data logger initiated sampling by the auto-
mated sampler and triggered frequent measurements
by the minimonitor and pressure transducer during
high flows, when the change in stage in a 15-minute
interval exceeded a preset value. Subsequent samples
were taken during rising and falling stages whenever
the stage rose above or fell below a specified amount in
a 15-minute interval. Backup procedures for the initial
triggering of sampling and for collection of rising- and
falling-stage samples were programmed into the data
logger to ensure that samples were taken during every
storm. The backup for the initial triggering of sampling
was an absolute stage value that, when exceeded,
caused the high-flow sampling to begin. The backup for
the rising- and falling-stage sampling was a preset
time-interval program that would be initiated only after
the automated sampler was initially triggered by one of
the two previously mentioned activation programs. The
automated samplers were themselves programmable
and, occasionally, especially during the spring snow-
melt, were set to sample at a regular time interval such
as hourly or every 2 hours. Each sampler contained 24
1-L plastic sample bottles. After each storm, the
samples and the data recorded by the datalogger were
retrieved from each site and were brought to the field
laboratory at Frost Valley for processing. As many as
10 samples from each storm were chosen for complete
laboratory analysis; fewer samples from small storms
were processed. This selection was based on the stage
and pH at the time of collection. Sample selection
usually consisted of three or four rising-stage samples,
three samples at or near the peak flow, and three falling-
stage samples.

The QA/QC procedures for the automated sampler
were similar to those for the grab samples—they
consisted of specified bottle-washing techniques and
the processing of field blanks and field natural audits.
The procedure for bottle washing was the same as for
the Teflon bottles used for grab samples—after cleaning,
every 10th bottle was filled with deionized water,
allowed to stand for 48 hours, and then measured for
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specific conductance. If the conductance values
exceeded 1.0 uS/cm, all bottles were rerinsed with
deionized water and remeasured for specific conduc-
tance. The procedures for the collection of field blanks
and field natural audit samples through the automated
samplers were as follows:

1. The automated sampling tube was removed from the
stream bottom, and the outside of the sampling tube
and strainer were rinsed with deionized water,
followed by a rinse by either deionized water or
field-natural audit water, depending on which solu-
tion was being used for the test.

2. The end of the sampling tube was inserted into the
container of deionized water or field-natural audit
water.

3. The automated sampler was manually activated to
fill the collection tube with the sample and then
purged to rinse the tube. This rinse water was not
allowed to discharge back into the sample container.

4. The sampling tube was inserted back into the sample
container, and enough sample was taken to fill one
bottle.

5. After sample collection, the sampling tube was
rinsed and purged with streamwater, returned to the
stream bottom, and reset for programmed sampling.

In addition to the above methods, three other
QA/QC methods were used for the automated
samplers. These consisted of (1) checking the
sampling tube and strainer weekly for damage and
fouling by algal growth, and replacing the tube if a
problem was observed, (2) collecting a grab sample at
the same time that an automated sample was taken on
several occasions throughout the study period to deter-
mine whether the collection of water through an auto-
mated sampler was causing significant chemical
differences relative to a grab sample, and (3) running a
holding-time experiment during which samples
collected by the automated sampler were held for up to
2 days to determine whether their chemistry was
changing through exposure to the atmosphere before
processing. The sampling tube was replaced when
algal growth became noticeable or when field blanks
indicated contamination, and the strainer was cleaned
periodically with a toothbrush. To obtain simultaneous
collection of grab samples and automated samples, the
automated sample was collected by overriding the
sampling program and was processed at the same time
as the grab sample. Results of this comparison,
presented in table 4, indicate no significant difference

between the two sampling methods. The holding-time
experiment entailed collection of stream water in a
bucket similar to those used in the wet-dry precipita-
tion collectors, pouring the water into six automated
sampler bottles, and leaving them uncapped in the
gagehouse for 48 hours. This simulated the maximum
delay between sample collection and retrieval. This
experiment was carried out at High Falls Brook and
the East Branch Neversink River on March 28, 1990.
Results of this experiment (table 5) indicate that the
holding times in the project had no significant effect on
sample quality.

Onsite Monitoring

The QA/QC procedures for onsite monitoring of
pH, specific conductance, and temperature consisted of
monthly measurements of the field natural audit
samples and approximately weekly checks on the cali-
bration of the probes with calibration solutions. Field
natural audit samples were measured as follows:

1. Two audit-sample containers were placed in the
stream and allowed to reach stream temperature to
minimize temperature effects in the pH and specific
conductance measurements.

2. Specific conductance and temperature probes were
removed from the stream, rinsed with deionized
water, and then rinsed with a small amount of audit
sample.

3. About 250 mL of the audit sample was poured into a
500-mL graduated cylinder. The probes were then
immersed in the sample, and the temperature and
conductance of the sample were recorded. The
conductance probe was then removed from the
cylinder, rinsed with deionized water, and placed
back in the stream.

4. The pH probe was removed from the stream, rinsed
as in step 2, and immersed in the graduated cylinder
containing the audit sample. The pH and tempera-
ture of the sample were recorded. The probes were
then removed from the cylinder, rinsed with deion-
ized water, and placed back in the stream.

5. The second audit sample was measured as described
in steps 2 through 4.

Calibration checks of the pH and conductance probes
involved placing them in a solution of known concen-
tration and plotting the minimonitor readings on
quality-control charts. A low-ionic-strength solution of
sulfuric acid with a theoretical pH of 4.01 was used as
the check solution and to assess calibration of the pH
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Table 5. Automated-sampler data and grab-sample data from three of the four streams studied, fall 1989.

[Values are in milligrams per liter unless otherwise noted. Stream locations are shown in fig. 2.]

Stream and date of sampling

East Branch
Neversink River

Biscuit Brook

High Falls Brook

Constituent Aug. 2 Aug. 3 Aug. 8 Aug. 3 Aug. 9 Sept. 23 Oct. 31

pH (standard units)

Automated 4.95 6.10 6.31 6.89 6.88 6.42 6.57

Grab 4.96 6.31 6.48 6.88 6.81 6.28 6.53
Specific conductance (micro-
siemens per centimeter)

Automated 21.9 26.3 26.7 33.5 38.4 27.5 31.6

Grab 21.5 26.4 26.6 36.2 384 27.5 31.9
Acid-neutralizing capacity
(microequivalents per liter)

Automated 2.8 40.7 31.9 146.0 144.6 53.3 166.7

Grab 8.4 37.9 354 145.6 157.6 63.1 90.2
Calcium

Automated 1.24 2.78 2.69 4.84 5.14 343 4.04

Grab 1.24 271 2.84 5.05 5.10 441 3.92
Magnesium

Automated 0.54 0.60 0.62 0.61 0.67 0.46 0.53

Grab 0.52 0.61 0.60 0.62 0.66 0.48 0.53
Potassium

Automated 0.20 0.21 0.20 0.19 0.19 0.23 0.37

Grab 0.19 0.21 0.20 0.20 0.18 0.28 0.41
Sodium

Automated 0.36 041 0.42 0.34 0.36 0.34 0.30

Grab 0.37 042 043 0.34 0.36 1.28 0.34
Aluminum

Automated 0.12 0.02 0.02 0.01 0.02 0.06 0.02

Grab 0.15 0.02 0.02 0.02 0.01 0.40 0.02
Chloride

Automated 0.54 0.66 0.67 0.54 0.57 0.54 0.74

Grab 0.52 0.68 0.67 0.54 0.57 0.55 0.71
Nitrate

Automated 0.78 1.48 1.74 1.39 1.67 1.32 1.56

Grab 0.78 1.52 1.79 1.37 1.68 1.35 1.55
Sulfate

Automated 5.93 6.47 6.48 6.47 6.65 5.98 6.15

Grab 5.66 6.45 6.53 6.48 6.68 5.97 6.08
Dissolved organic carbon

Automated 2.28 2.90 1.57 2.11 1.47 3.76 2.97

Grab 2.01 1.37 1.47 1.80 1.51 3.81 --
Silica

Automated 2.45 2.69 2.79 2.86 293 2.29 2.49

Grab 2.50 2.66 2.79 2.78 2.89 2.59 2.48
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Table 6. Chemical data from automated-sampler holding-time experiment on samples from two streams studied, 1990.

[Values are in milligrams per liter unless otherwise noted. uS/cm, microsiemens per centimeter. pleq/L, microequivalents per liter]

Stream and sample serial number”

High Falls Brook

East Branch Neversink River

Constituent #2994 #2995 #2996 #4013 #4014 #4015 #2007 #2998 #2999 #4016 #4017 #4018
pH (in standard units)

6.65 6.38 6.35 640  6.46 6.42 4.86 4.81 4.75 4.85 4.83 4.85
Specific conductance
(uS/em ) 32.08 31.76 31.80 3225 3205 3172 28.15 2844 28.68 28.21 2817 2822
Acid-neutralizing
capacity ( peg/L) 5750 55.15 5590 56.10 55.60 55.15 975  -10.75 -1140 -14.10 -10.10 -10.10
Calcium 394 404 401 400 392 3.98 1.68 1.56 1.43 1.45 1.45 1.49
Magnesium 0.53 0.52 054 0356  0.56 0.56 0.66 0.67 0.69 0.71 0.71 0.72
Potassium 0.21 0.21 0.21 0.21 0.21 0.21 0.24 0.24 0.26 0.27 0.26 0.27
Sodium 0.35 0.35 034 056 030 030 0.36 0.38 0.33 0.33 0.33 0.34
Aluminum 0.017 0.020 0.018 0015 0016 0.017 0.186 0.215 0233 0254 0255 0.259
Chloride 0.573 0570 0.561 0558 0.562 0.557 0.58 0.587 0.579 0576 0575 0575
Nitrate 4200 4.193 4199 4.164 4189 4.175 3469 3489 3472 3452 3461 3405
Sulfate 5.806 5.862 5.828 5.769 5.684 5755 5489 5511 5487 5419 5341 5408
Dissolved organic
carbon 1.31 1.23 1.18 1.33 1.45 1.38 1.69 1.76 1.80 2.03 2.00 1.90
Silica 1.97 1.98 1.98 2.00 1.97 2.00 2.14 2.08 2.12 2.12 2.10 2.14

* Samples with serial numbers 2994-2999 were brought to the field lab immediately after sampling for processing.
Samples with serial numbers 4013-4018 were left uncapped in the gagehouse for 48 hours.

probe. A solution of potassium chloride with a theoret-
ical value of 44.4 pS/cm was used as the check solution
for the specific-conductance probe. The temperature
probe was checked through comparison with a ther-
mometer accurate to 0.1 °C, and the difference was
plotted on a quality-control chart. The quality-control
charts used during the study are known as “x -type”
control charts, for which three sets of values are estab-
lished: (1) a central line that represents the best esti-
mate of the true value of the check sample (0 in the case
of temperature difference), (2) warning-limit lines that
define a range in which 95 percent of the measurements
should fall if statistical control is maintained, and (3)
control-limit lines that define the range where almost
all (99 percent) values should fall if statistical control is
maintained. The central-line value and the warning
limits and control limits used for the three minimonitor

probes throughout the study were as follows:

Variable | Central Line l Warning Limits | Control Limits
pH 4.01 +0.16 pH units  +0.25 pH units
Specific
conductance 44.4 +4 pS/cm +7 uS/em
Temperature
difference 0 +0.7 °C +1.0°C

The procedure for checking the minimonitor
probes was as follows:

1. The pH and specific conductance probes were
removed from a 4-inch PVC housing, rinsed with
deionized water, and then rinsed with their respec-
tive check solutions. The probes were then placed in
the respective check solutions at streamside and
allowed to equilibrate. The check solutions were
held in special containers designed to allow the entire
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probe to be submerged. The containers were then
partially submerged in the stream to bring each solu-
tion to stream temperature. The temperature probe
was removed from the PVC container and placed on
the stream bottom adjacent to a thermometer.

2. The three probes were allowed to equilibrate for a
few minutes, then values for each were recorded.

3. If the check values met the control criteria, the pH
and conductance probes were removed from the
containers, rinsed with deionized water, and placed
back in the PVC housing.

The guidelines that were used in evaluating the
quality of the minimonitor data through these calibra-
tion checks are as follows:

1. If the measured value of the check sample was
within the warning limits, all data collected since the
last acceptable check-sample measurement were
accepted.

2. If the measured value of the check sample was
outside the control limits, the minimonitor was
assumed to be no longer in a state of statistical
control. The minimonitor was recalibrated, and all
data collected since the last acceptable check-sample
measurement were considered suspect and were
flagged as such in the data base.

3. If the measured value of the check sample was
outside the warning limit but within the control
limits, a second check solution was analyzed. If the
second check-sample measurement was within the
warning limits, the minimonitor was assumed to be
in a state of statistical control, and all data collected
since the last acceptable check-sample measurement
were accepted. If the second check-sample measure-
ment was outside the warning limits, the minimon-
itor was assumed to be no longer in a state of
statistical control and was recalibrated, and all data
collected since the last acceptable check-sample
measurement were considered suspect and were
flagged as such in the data base.

Wet-Deposition Sampling

Wet-only deposition samples were collected for
water-quality analysis both weekly and on a storm-by-
storm basis at Biscuit Brook. Samples were collected in
acid-rinsed buckets in two Aerochem Metrics model
301 automated wet-dry precipitation collectors. The
weekly collector has been in operation since 1983 as
part of the National Trends Network (NTN) program;
the other was installed adjacent to the NTN collector in

August 1988 for sampling precipitation volume and
chemistry of individual storms as part of the Muld-
State Atmospheric Power Production Pollution Study
(MAP3S) (R. Barchet, Battelle Northwest Laborato-
ries, written commun., 1991). Weekly samples from the
NTN collector were weighed for precipitation volume
and measured for pH and specific conductance, then
shipped in the collection bucket to the Illinois Water
Survey Laboratory in Champaign, 1L, for analysis.
Storm-by-storm samples from the MAP3S collector
were weighed and transferred to a bottle, then refriger-
ated prior to monthly shipment to the Pacific Northwest
Laboratory in Richland, Wash., for analysis. Both types
of deposition samples were analyzed for the same
constituents as stream-water samples, except that anal-
ysis for all forms of aluminum were omitted. These
data are not presented herein, but are given in Barchet
(1991) and National Atmospheric Deposition Program
(1989, 1990).

Snowpack and Snowmelt Sampling

All snowpack and snowmelt samples were
analyzed for the same constituents as stream samples.
Snowpack samples were weighed to determine water-
equivalent volume and were melted prior to filtration
through the same type of filters as those used for each
respective aliquot in the stream-sampling programs
(see “Filtration” section, p. 20.) Snowmelt samples
were treated in the same fashion but were generally
unfrozen at the time of collection.

Fish and Aquatic Macroinvertebrate Sampling

Effects of chronic and (or) episodic stream acidifi-
cation on aquatic ecosystems have been widely
reported in the literature. Several studies have detailed
direct effects of acidification on game fish and associ-
ated prey populations (Beamish and Harvey, 1972,
Shindler and others, 1985, Rosseland, 1986, Hall and
Ede, 1987, Schofield and Driscoll, 1987, Bergman and
others, 1988, Christensen and others, 1988). Less well
studied and, consequently, less understood, are (1)
geochemical interactions that affect biota, (2) the
degree to which differing magnitudes and frequencies
of episodic acidification affect biota, (3) the biological
mechanisms that cause the observed effects, and (4) the
means by which an individual organism or population
can minimize or avoid toxic effects. Biological experi-
ments and chemical monitoring plans for the ERP were
designed to identify and characterize factors that could
help define several of these interactions.
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Declines in game-fish populations through stream
acidification can result from indirect as well as direct
stresses. Some example of indirect stresses are the
reduction or elimination of prey-fish and invertebrate
populations through acidification. Because brook trout
in the Neversink River prey upon sculpin and macroin-
ver-tebrates, assessments of brook trout, sculpin, and
invertebrate populations and toxicity tests are expected
to provide data on the potential changes that acidifica-
tion and the attendant declines in sculpin and macroin-
vertebrate populations have on native brook trout
populations. Fish-population declines also can result
from other causes, for example (a) chronic aluminum
toxicity, which can result in decreased or failed repro-
duction and thus can cause decreases in the population
without immediate adult fish mortality; and (b) popula-
tion declines, which can occur when fish emigrate to
reaches that are less toxic (such as reservoirs, tributar-
ies, and lower order stream sections) during chronic
acidification. Several years of repeated indirect fish
losses could culminate in decreased or absent popula-
tions without causing mortality in the extant popula-
tions. Brook trout use of refugia was assessed in this
study through surveys of fish communities along the
length of the study streams and radiotracking of indi-
vidual trout during acidic episodes.

Measures of direct stress, such as acute toxicity, are
more easily assessed. Toxic effects may be seen at the
cell, organ, or individual organism level, and fish in
reaches that have extremely acidic episodes can survive
only if they can avoid those toxic conditions, such as by
fleeing to temporary, less acidic refugia. The toxicity
tests (bioassays) done in this study were designed to
quantify fish mortality during acidic episodes. Specific
mechanisms for fish mortality during acidification
were not addressed in this study but were evaluated by
Wigington and others (1990).

Fish-Population Surveys

Fish communities in the four study reaches were
surveyed initially to characterize community disrup-
tions associated with present stream-acidification
conditions. Population surveys indicate only the
present density, which could reflect past chronic and
(or) episodic acidification. Because detailed historical
data were lacking, fish were transferred to the affected
stream reaches to increase the populations to near pre-
acidification densities (approximately equal to the fish-
population densities in the control stream) so that the
effects of acidic episodes could be monitored from

changes in the transferred populations during the 2-
year study.

Fish communities within each of the four study
streams were first inventoried from October 12 through
November 15, 1988, and several quantitative surveys
and qualitative checks were conducted within each
stream during the next 2 years. Quantitative surveys
were conducted in the four streams in the spring and
fall of 1989 and the spring of 1990; qualitative surveys
were conducted in Biscuit Brook in the winter of 1988
and the summer of 1989, in Black Brook in the summer
and fall of 1989, and in High Falls Brook and East
Branch Neversink in August 1989 (table 7). Qualitative
population checks were similar to quantitative surveys
except that only two passes were completed, and fish
weights and lengths generally were not recorded.

Table 7.—Dates of 1989-90 fish-population surveys at
the four study streams.

Quantitative Survey Qualitative Survey

Date Stream Date Stream
May 1 to June All December 7, Biscuit Brook
20, 1989 1988
October 13- All August 22, Biscuit Brook,
29, 1989 1989 High Falls
Brook
May 4 to June All August 23,  East Branch
6, 1990 1989 Neversink Riv-
er
- -- August 28,  Black Brook
1989
- -- November Black Brook
27, 1989

All fish-population surveys were conducted within a
seine-blocked, 200-m stream reach adjacent to each
gage house. For each survey, fish were collected from the
reach on three successive passes with a Coffelt
AC/DC backpack electroshocker. One or two techni-
cians collected fish with scap nets while another carried
the shocker upstream. Generally, individual brook trout
lengths and weights were recorded along with sculpin
length ranges and pooled weights. During several
surveys, individual sculpin lengths and weights (from all
or some of the specimens collected) were recorded to
provide definition of sculpin-population age structure
and length-to-weight ratios. All fish were returned to the
reach after fish surveys were completed. The numbers of
each species collected from each pass were used to
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calculate population estimates and 95-percent confi-
dence intervals by the Moran-Zippin method (Zippin,
1958). These calculations were done with Microfish 3.0
software. A detailed description of sampling methods is
given in Murdoch and others (1990).

Quality-assurance procedures for population
assessments and most other fish-handling operations
were less straightforward than chemical procedures.
The balance used to weigh fish was checked against a
known weight after every 10 measurements. Occa-
sional departures from the known value indicated a
need for recalibration of the balance. When this
occurred, the readings were noted, and the balance was
recalibrated before additional weight measurements
were obtained. Fish weighed between the last valid
measure and the erroneous measure were reweighed
after the balanced was recalibrated. Fish-species iden-
tifications were verified once by an independent fisher-
ies biologist. Additional verifications were unnecessary
because only three species (brook trout, brown trout,
and sculpin) were encountered during the study. Effi-
ciency of the collection method and electroshocker was
tested on June 6 and October 30, 1989 as follows: 40
brook trout were uniquely marked and released into a
50-m blocked section of stream. On a second date, 25
adult sculpin were also released. A set of three electro-
shocker passes was used to collect as many marked fish
as possible. The sampling efficiency for trout was 97
percent in June and 66 percent in October. In October,
about two-thirds of the fish collected from the blocked
section were unmarked resident fish. Almost all of the
individual fish in the blocked reach were marked
during the first efficiency test. The number of marked
fish in the reach during the second efficiency test
(recapture effort) was a fraction of the total number of

fish in the test reach because only about one-third of the
population was initially marked. Because greater effort
was needed to collect marked individuals during the
second test, efficiency declined; sculpin recovery in
October was only 44 percent. Estimates of marked-fish
population (Moran-Zippin method) during the checks
yielded an efficiency of 97 percent for June and 70
percent for October brook trout collections.

Fish Transfers

Brook trout and sculpin were collected by elec-
troshocker from the West Branch Neversink and its
tributaries from May 10 through June 9, 1989 and
transferred into the East Branch Neversink River,
Biscuit Brook, and High Falls Brook. The transfer was
such that total trout biomass in each stream ranged
from 30 to 80 percent of the Black Brook trout biomass
(about 3 g/m?). Sculpin were not transferred to High
Falls Brook because the populations there were already
high. Black Brook fish were not supplemented or
replaced with additional West Branch Neversink fish.
The number of trout and sculpin transferred to the
streams, and their mass and density, are summarized in
table 8. The numbers and weights of fish in the four
study reaches after transfers were estimated as follows:
the number and weight of transferred fish were added
to the number and weight of fish collected during the
most recent survey to estimate an approximate total
number and mass of fish in respective study reaches.
Calculations of fish densities and biomass were based
on the surface areas of study reaches in Biscuit Brook,
Black Brook, High Falls and the East Branch Neversink
River (1,384 m? , 713 m?, 600 m? and 2,420 m?, respec-
tively).

Table 8. Number and mass of fish transferred to study reaches and estimated totals after transfer.

[Mass values are in grams. Locations are shown in fig. 2.]

Number and mass added

Estimated reach population after transfer

Trout Sculpin Trout Sculpin
Stream No. Mass No. Mass No. Mass No. Mass
Biscuit Brook 42 680 29 180 163 2,723 122 625
Black Brook 0 0 0 0 90 1,072 241 857
East Branch
Neversink River 50 770 50 280 118 1,725 50 280
High Falls Brook 43 718 0 0 92 1,556 97 345
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Fish Telemetry

A fish population is not necessarily adversely
affected by toxic conditions if its individuals, either
actively or by chance, avoid living in and(or) reproduc-
ing in the toxic areas. Several adult brook trout were
radiotagged and tracked within three streams to assess
the ability of individual fish to locate and utilize refugia
during episodic stream acidification. This project also
attempted to evaluate the extent of refugia in each
stream by a longitudinal assessment of stream chemis-
try and fish populations in each watershed.

Radiotelemetry studies were conducted during
April 13-27, 1989 in the East Branch of the Neversink.
Additional studies were conducted there from October
17 through November 25, 1989 and in Biscuit Brook
from March 26 through May 22, 1990. Similar control
groups were monitored in High Falls Brook during the
same three periods (table 7). During the first study, nine
brook trout had transmitters installed in their gut and
were released into each stream. In each group, four fish
were obtained from the West Branch Neversink River,
and five were collected from the stream being studied.
The signals from each fish were tracked until the end of
the study period or until the transmitters were regurgi-
tated or stopped functioning, or until the fish was found
dead. The second experiment used 13 fish in each of
two streams. About half of the transmitters were placed
into the gut, as done previously; the others were surgi-
cally implanted. In addition to the imported West
Branch trout, 5 to 10 of the fish used in High Falls
Brook and the East Branch of the Neversink River,
respectively, were native residents. The last experi-
ment, in the spring of 1990, used 10 or 11 West Branch
trout in each stream, and all transmitters were placed in
fish stomachs.

Longitudinal Profiles

A longitudinal study to characterize fish popula-
tions and associated water quality at various points
within each watershed was begun in July 1989 to deter-
mine whether selected study reaches were representa-
tive of each of the streams being investigated. Fish
communities in the main channels of the East Branch
Neversink, Biscuit Brook, and High Falls Brook, as
well as several tributaries upstream from the study
reaches, were assessed. Similar checks were conducted
along the main channel in Black Brook during July
1990. From two to six main-stem sites and several trib-
utaries to each of these streams were surveyed. Fish

communities were assessed by seine blocking stream
sections from 25 to 70 m long and collecting fish with
three passes of the electroshocker.

Bioassays

Of the several mechanisms that are known to cause
declines in or losses of fish populations, only acute fish
mortality during periods of episodic acidification could
be assessed directly within the scope of this investiga-
tion. Confined brook trout and sculpin were exposed to
waters of each study stream four times for periods of
about 30 days from the fall of 1988 through the spring
of 1990. Fingerling trout and adult sculpin were the
subjects of all toxicity tests.

A total of 14 tests were conducted in two to four
streams during the four test periods—November 3-30,
1988, April 4 through May 19, 1989, October 4
through November 8, 1989, and March 9 through April
6, 1990. Test fish for most bioassays were obtained
from the West Branch Neversink River and several of
its tributaries. Several bioassays were designed to
compare resident-fish and nonresident-fish tolerance to
episodic acidification. In these tests, fish collected from
the stream being studied were tested alongside the
imported West Branch Neversink fish. All bioassays on
each stream were conducted in the study reach adjacent
to the gage house. In each test, 20 or 21 brook trout and
sculpin were segregated into three to five plastic
screen-sided jugs and placed in holding cages. Their
condition was checked and recorded, generally on a
daily basis, during the test periods.

Aquatic Macroinvertebrate Communities

Macroinvertebrate communities within each study
stream were inventoried to identify effects of differing
levels of acidification. Differences in community struc-
ture and (or) function would suggest that toxic condi-
tions, either acute or chronic, had occurred during part
of the year and also provide a measure of the food
resource available to fish. Macroinvertebrate communi-
ties within each of the four stream reaches were
sampled three times during the period of study-May
21-22, 1989, August 30 through September 8, 1989,
and May 4-8, 1990. Five samples were collected within
each stream with a standard Surber sampler. Water
velocities and substrates were generally similar among
the sampling sites. Debris and invertebrates were
preserved with 80-percent ethanol. Macroinvertebrates
were sorted from the sample debris until no further
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specimens could be located during a 2-minute scan. A
time limit was specified to standardize the level of
effort used to sort each sample. Ten percent of the
samples were resorted by another technician for quality
assurance, and if organisms were found, the sample
was resorted. Specimens were usually identified to the
family level; the majority were identified to the genus
level. Taxa were differentiated by keys provided in
Merrit and Cummins (1984), Wiggins (1977), Pennak
(1978), and Edmunds and others (1976).

LABORATORY METHODS

All samples were processed at the field laboratory
at Frost Valley, then placed in coolers and packed in ice
and shipped to the respective laboratories. Analyses for
pH, specific conductance, ANC, and anions (SO,, NO,,
Cl) were done at the USGS laboratory in Albany, N.Y.
Analysis for cations (Ca, Mg, Na, K) and DOC were
done at the New York City Department of Environmen-
tal Protection (NYCDEP) laboratories in Grahams-
ville, N.Y., and the analysis for silica and total
dissolved aluminum (Al) were done at the NYCDEP
laboratory in Valhalla, N.Y. During the second year of
the study, both the cation and (Si) analyses were done
at the USGS laboratory in Albany, N.Y. Sample
aliquots for organic monomeric and total monomeric
aluminum were express-mailed after filtration to the
laboratory of Dr. Brian Dempsey at Pennsylvania State
University, University Park, Pa., for analysis, and anal-
yses for oxygen-isotope ratios were done at the USGS
isotope laboratory in Reston, Va.

Filtration

The protocol for filtering samples was as follows:
sample aliquots to be analyzed for pH, specific conduc-
tance, ANC, and oxygen-isotope ratios were not
filtered. At the beginning of the project, DOC samples
were filtered through 0.45- silver filters; aluminum
samples were filtered through 0.1-p Nucleopore poly-
carbonate membrane filters; and the cations, anions,
and silica samples were filtered through 0.40-i Nucle-
opore polycarbonate membrane filters. The filters for
DOC were exchanged for 0.4-yL Nucleopore membrane
filters in January 1989 to avoid the expense of silver
filters. A comparison study of the two filter types was
done to detect differences in their effect on measured
concentrations. Results (table 8) indicate no significant

difference. In August 1989, the USEPA requested that
sample aliquots to be analyzed for cations, anions,
silica, DOC, and DIC be filtered through 0.45-y Nucle-
opore Membra-Fil membrane filters to produce consis-
tent filtration methods across the three regions of the

Table 9. Dissolved organic carbon concentrations
obtained with 0.45-micrometer silver filter and 0.40-
micrometer Nucleopore polycarbonate membrane
filter, 1989.

[Locations are shown in fig. 2. Values are in milligrams per liter.]

Nucleopore
Date Silver polycarbonate
(1989) filter membrane
filter

Jan. 24 0.95 0.95

Stream™

East Branch Neversink
River at Strauss Estate

+ East Branch Neversink Jan. 24 0.97 0.98
River at Strauss Estate
Hollow Tree Brook Jan. 25 0.70 0.79
t Hollow Tree Brook Jan. 25 0.68 0.75
Woodland Creek Jan. 25 0.77 0.72
Beaverkill Jan. 25 0.86 0.78
Rondout Creek Jan. 28  0.97 0.71
Hollow Tree Brook Feb. 28 1.01 1.03
East Branch Neversink Feb. 14  1.21 0.89
River at Strauss Estate
Woodland Creek Feb. 13 0.95 1.07
Hollow Tree Brook Feb. 14 3.22 3.19
Beaverkill Feb. 14  2.60 2.46
+ Beaverkill Feb. 14  2.10 2.50
Hollow Tree Brook Mar. 17  0.80 1.00
Woodland Creek Mar. 17 0.86 1.11
East Branch Neversink Mar. 18  7.84 7.05
River at Strauss Estate
Rondout Creek Mar. 24  0.72 0.88
+ Rondout Creek Mar.24  0.83 0.84
Beaverkill Apr. 27 1.39 1.44
+ Beaverkill Apr. 27 1.37 1.37

East Branch Neversink
River at Strauss Estate

Apr. 28 1.53 1.53

* Streams from which these samples were taken were a part of
the the Long Term Monitoring project, a concurrent USEPA-
funded project.

T Duplicate sample
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study. Samples for aluminum analysis were filtered
through 0.22-u Nucleopore Membra-Fil membrane
filters, which consist of mixed esters of cellulose nitrate
and cellulose acetate. All samples except those for
cation and aluminum analysis were stored at 4°C until
they were analyzed. The cation samples and dissolved-
aluminum samples were preserved with concentrated
nitric acid to a pH less than 2. An experiment was done
in August 1989 to determine whether the increase in
pore size of the filter from 0.1 it to 0.22 p had a signif-
icant effect on the aluminum analysis; results are
presented in table 9. The filter-comparison experiments
with Catskill stream waters did not indicate an intro-
duction of bias by the change in filter type, but similar
experiments on stream waters in Pennsylvania indi-
cated that the change introduced a positive bias in
aluminum concentrations (David DeWalle, Pennsylva-
nia State University, oral commun., 1991.)

Table 10. Dissolved aluminum concentrations obtained with
0.1-micrometer Nucleopore polycarbonate membrane

filter and 0.22-micrometer Nucleopore Membra-Fil
membrane filter, August 2-3, 1989

[Locations are shown in fig. 2. Values are in milligrams per liter.]

Polycar-
Date bonate = Membra-fil
Stream* (1989) filter filter

East Branch Neversink  Aug. 2 0.157 0.123

River

Black Brook Aug. 2 011 0.011
Biscuit Brook Aug. 3 0.023 0.018
High Falls Brook Aug. 3 0.011 0.015
East Branch Neversink  Aug. 2 0.145 0.084
River

Biscuit Brook Aug. 3 0.017 0.017

High Fall sBrook Aug. 3 0.018 0.013
*Biscuit Brook Aug. 3 <.005 <.005
East Branch Neversink  Aug. 2 0.122 0.095
River

Biscuit Brook Aug. 3 0.021 0.020
*Biscuit Brook Aug. 3 0.017 0.020
High Falls Brook Aug. 3 0.014 0.014
t High Falls Brook Aug. 3 0.017 0.014

* Duplicate sample
T Laboratory split

Quality-Control/Quality-Assurance
Procedures

Laboratory QA/QC procedures were done in
accordance with those outlined in Peck and others
(1988, chap. 7) and were virtually uniform among the
chemical constituents analyzed. High- and low-value
quality-control check samples (QCCS solutions) and
blanks were analyzed during each sample run to
determine whether the measurement process was in
statistical control. The QCCS solutions were
synthetic samples provided to the three research
groups by Lockheed. Concentrations of these solu-
tions bracketed the expected concentration range of
each constituent in the ERP streams. The solutions
were analyzed (1) at the beginning of each sampling
run, (2) after every 10th sample thereafter, and (3)
after the last sample. Values of the QCCS solutions
were plotted on quality-control charts with warning
and control limits established by the USEPA. The
data were then accepted or rejected according to crite-
ria described in Peck and others (1988, sec. 7.5.1).
The values of these QCCS solutions and their warn-
ing and control limits for every constituent except pH,
conductance, and ANC that was used since August
1989 are given in table 10. Laboratory blanks are
samples of deionized water that were analyzed at the
end of each sampling run. Other QA/QC methods
included analyzing (1) the Long Range Transport of
Airborne Pollutants (LRTAP) audit samples, (2) natu-
ral and synthetic audit samples provided by Lock-
heed, (3) natural audit samples (precipitation/
snowmelt) provided by the USGS Standard Reference
Water Sample Project, and (4) laboratory splits. Audit
samples have a known concentration, and laboratory
splits were duplicate samples poured out of the same
sample bottle. The LRTAP samples were analyzed
three times a year; the natural and synthetic audits
from Lockheed were analyzed monthly except in the
months when LRTAP samples were being analyzed;
the USGS standard reference waters were analyzed
twice a year; and laboratory splits were run every 20
samples. Analytical results were tested by computing
cation-anion balances and constructing temporal
plots of the concentration of each constituent.
Samples with cation-anion balances that exceeded 10
percent or showed anomalous concentrations in rela-
tion to temporal plots were reanalyzed.
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Analytical Procedures

The following paragraphs cite the analytical method
used for those constituents for which the analysis was
done in strict accordance with a standard method. A
detailed description of the analytical method is given for
those constituents whose analysis either did not follow
or deviated significantly from a standard method.

pH

pH was measured on unstirred samples in an open
beaker with an Altex pH I-71 pH meter and an Orion-
Ross combination electrode. Calibration standards of
pH 4.00 and 7.00 provided by the USGS Water-Quality
Service Unit in Ocala, Fla., were used to calibrate the
meter each day. As required by the study (Peck and
others, 1988), two QCCS solutions (a high-pH solution
and a low-pH solution) were measured immediately
after calibration, after every 10 samples, and at the end

of each run. The QCCS solutions were provided by
Lockheed. The low-pH QCCS solution had a target
value of 4.40 and was prepared from a 0.1N sulfuric
acid solution. This solution was also used as the low-
QCCS solution for ANC and specific conductance. The
original high-pH QCCS solution had a target value of
7.19 and was prepared from a mixture of 0.1N solu-
tions of NaHCO, and KCI1. After October 16, 1989, a
new high-pH QCCS solution with a target value of 6.86
was prepared from a National Bureau of Standards
phosphate buffer solution. Both of these high-pH
QCCS solutions were used as the high QCCS solutions
for ANC and specific conductance.

The procedure used by the USGS laboratory in
Albany, N.Y. to determine pH was as follows:

1. Atroom temperature, calibrate the meter to pH 7.00
and adjust the slope of the pH-to-millivolt relation
with pH 4.00 calibration standards, then check

Table 11. Concentrations of the high- and low-range quality-control check samples and their warning and control limits.

[All measurements were made before April. 9, 1990 except as noted. All values are in milligrams per liter, except pH, in
standard units; acid-neutralizing capacity, in microequivalents per liter; and specific conductance, in microsiemens per centimeter.]

High-Range Samples

Low-Range Samples

Concen- Warning Control Concen- Warning Control
Constituent tration Limits Limits tration Limits limits
Calcium 4.0 +0.27 +04 0.4 +0.03 +0.04
Magnesium 0.4 +0.03 +0.04 0.04 +0.01 +0.01
Potassium 2.0 +0.134 102 0.2 +0.01 +0.03
Sodium 0.75 +0.05 +0.08 0.075 +0.01 +0.01
Aluminum, total 0.100 +0.012 +0.018 0.025 +0.0003 +0.005
Aluminum, total monomeric 0.500 +0.0335 +0.050 0.050 +0.003 +0.005
Chloride 3.0 +0.201 +0.300 0.3 +0.020 +0.030
Nitrate 3.0 +0.201 +0.300 0.3 +0.020 +0.030
Sulfate 8.0 +0.536 +0.800 0.8 +0.054 +0.080
Silica 8.0 +0.536 +0.800 0.8 +0.054 +0.080
Dissolved organic carbon 5 +0.5 +0.75 1 +0.2 +0.3
*pH 4.45 +0.06 +0.1 7.19 +0.06 +0.1
6.88 +0.06 +0.1
*Acid-neutralizing capacity 70.0 +5.0 +7.5 -39.9 +5.0 +7.5
125.0 +12.5 +15.0
*Specific conductance 32.4 +2.0 +3.0 17.0 +2.0 +3.0
39.0 +23 +3.9

* Measured after April 9, 1990
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calibration with the low-pH QCCS solution. (Cali-
bration was repeated on two aliquots of the check
solution.)

2. Note pH reading of the check solution, wait 2
minutes, and press the “pH” soft key again. When
the stability symbol appears on the meter, note the
pH value.

3. If the difference between the first and second pH
readings is 0.002 pH units or less, and the reading is
within £0.05 pH units of the target QC value, record
the pH reading in the pH notebook and on the QC
form.

4. If the difference between the first and second pH
readings is 0.002 pH units or less, but the reading is
not within £0.05 pH units of the target value, press
the “pH” soft key again. If the results are not satis-
factory, pour another aliquot of low-pH QCCS solu-
tion and repeat steps 2 through 8. If the results are
still not satisfactory, recalibrate the meter and try
again. If the QCCS solution is still not within 0.05
pH units of the target value, remedial action should
be taken with the probe, meter, calibration solutions,
or QCCS solutions.

5. If the difference between the first and second pH
reading is greater than 0.002 pH units, wait 2
minutes and press the “pH” soft key again. Repeat
this process until the difference between subsequent
pH reading is less than 0.002 pH units.

6. Repeat steps 2 through 5 for the high-pH QCCS
solution.

7. Follow steps 2 through 5 (omitting step 4) for 10
samples at room temperature.

8. Measure the pH of the low- and high-pH QCCS
solutions. Accept or reject data according to guide-
lines of Peck and others (1988, sec. 7.5.2.3).

Specific Conductance

Specific conductance was measured with an Altex
model RC-20 conductivity bridge equipped with a
Beckman conductivity cell and a Beckman tempera-
ture-compensation probe. Quality-assurance stan-
dards were obtained from the USGS Hydrologic
Instrumentation Facility (HIF). Calibration concen-
trations were 10 to 20 uS/cm for the low range and 40
to 60 1S/cm for the high range. The low- and high-
range QCCS solutions were provided by Lockheed
(see pH section). The low-range QC target value was
17.0 uS/cm; the high-range QC target value was
32.4 uS/cm until October 25, 1989, after which a new

solution with a target value of 39.0 uS/cm was used.
Analysis of the QCCS solutions followed the guide-
lines of Peck and others (1988, sec. 7.5.2.3).

Acid-Neutralizing Capacity (ANC)

ANC was measured with a Radiometer Titralab

System by titration with a commercial preparation of
0.02N H,SO, (+0.0005N). A Gran plot was then
produced, and the results were reported as ANC, in
ueq/L (Gran, 1952).

The high- and low-ANC QCCS solutions were

provided by Lockheed. The low-ANC QCCS target
value was -39.90 peq/L for the duration of the project.
The high-ANC target value was 140.00 peg/L until
October 11, 1989, after which a new solution with a
target value of 125.00 peq/L was used. The procedure
for measuring ANC was as follows:

1.

Calibrate the pH electrode with pH 7 and pH 4 buff-
ers as described above. Record the pH, millivolts,
and temperature of the buffers in the ANC labora-
tory notebook.

. Measure 40 mL of the low-ANC QCCS solution

with a graduated cylinder and pour into a sample
cup. Record the millivolts, temperature, and start-
ing pH in the ANC laboratory notebook.

. Titrate the solution. (The Radiometer system auto-

matically titrates the sample by adding 0.1-mL
increments of 0.02N H,SO,.) The autotitrator was
programmed for a minimum delay of at least 30
seconds before adding more acid and was further
programmed to make the next addition only if the
pH changed by less than 0.01 pH unit in the 30
seconds. This stability criterion must be met before
any addition of acid occurs.

. Record values. The sample pH was automatically

recorded after stability and (or) the minimum delay
was reached with each acid addition. The addition of
titrant continued until a pH of 3.5 was reached. The
final pH was 3.5 or less.

. Select values for Gran titration. A total of five pH

values (points) ranging from 3.999 to 3.500 were
chosen for the Gran calculation. If only four pH
values were in this range, the pH value below 3.500
was chosen as the fifth point.

. Refer to guidelines in Peck and others (1988, sec.

7.5.2.3) for acceptance or rejection of the value
obtained for the low-range QCCS solution.

. Repeat steps 2 through 6 for the high-range QCCS

solution.
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8. Use a 40-mL aliquot measured in a graduated cylin-
der for each of the 10 samples, and follow steps 4
through 10 above. Then follow steps 3 through 11
for the low- and high-ANC QCCS solutions.

Cations

Calcium, magnesium, sodium, and potassium were
measured by atomic absorption spectroscopy (Perkin-
Elmer model 3030) at the NYCDEP laboratory in
Grahamsville, N.Y., from October 1988 through April
1989. In the last 2 months of the project, all cation
analyses were done by atomic-absorption spectroscopy
(Perkin Elmer model 1100B) at the USGS laboratory in
Albany, N.Y. Potassium, sodium, and magnesium
analysis were done with an air-acetylene flame; the
calcium analyses were done with a nitrous oxide-
acetylene flame in Grahamsville, N.Y. and with an air-
acetylene flame in Albany, N.Y.

The operating procedure for the cation analyses
was to calibrate the instrument with a blank and five
multi-element standards before each sampling run. The
calibration standards were prepared by diluting a
1,000-mg/L atomic-absorption standard solution. The
concentrations of the standards ranged from 1.00 mg/L
to 8.00 mg/L for calcium and from 0.10 mg/L to 2.00
mg/L for sodium, potassium, and magnesium. A solu-
tion of 0.5-percent concentrated nitric acid was added
to make up 0.5 percent (by volume) of the blank and the
standards to mimic the approximate volume of acid
added to the cation samples. Aliquots of the blank,
standards, and samples were poured into test tubes
supplied by Perkin-Elmer to a final volume of 13 mL,
to which 0.25 mL of a 5-percent solution of lanthanum
as lanthanum chloride had been previously added.
Lanthanum was added to suppress chemical interfer-
ences with calcium and magnesium and to suppress the
ionization of sodium and potassium. Each sample
aliquot was used for the analysis of all four elements.
QA/QC procedures were done in accordance with
those outlined in Peck and others (1988, chap. 7).

Anions

Chloride, nitrate, and sulfate were measured by
ion chromatography. A Dionex 2000i system was
used with an Auto-ion 100 control unit, analytical
pump, autosampler, and a model 4270 integrator. The
separator column used was a Dionex AS4A, with an
AG4A guard column and a micromembrane suppres-
sor. The general procedure for analyzing anions by

ion chromatography follows the method outlined by
the USEPA (1987, sec. 11).

Aluminum

Total dissolved aluminum was measured by
graphite-furnace atomic absorption spectroscopy at the
NYCDEP laboratory in Valhalla, N.Y. The analysis was
based on method 3500-A1B (American Public Health
Association, 1989). Organic monomeric aluminum and
total monorneric aluminum analyses were done in the
laboratory of Dr. Brian Dempsey at
Pennsylvania State University. The method used 1s
described in Pagano (1990).

Silica

Dissolved silica was measured colorimetrically by
an ammonium molybdate method. Samples taken from
October 1988 through December 1989 were run at the
NYCDEP laboratory in Valhalla, N.Y. The analysis was
based on method 4500-SiD (American Public Health
Association, 1989).

Dissolved silica was measured at the USGS
laboratory in Albany, N.Y., from January 1, 1990 to
the project end in June 1990 with an automated
segmented-flow method based on molybdate color-
imetry. The procedure used is outlined in Fishman and
Friedman (1985).Concentrations of samples run by the
Valhalla and Albany laboratories are given in table 11
and indicate no bias.

Table 12.—Dissolved silica concentrations in samples run
by laboratories in Valhalla and Albany, N.Y., 1990.

[Values are in milligrams per liter. Stream locations are
shown in fig. 2.]

Stream Valhalla Albany
Biscuit Brook 2.10 2.01
Beaverkill 2.04 1.95
Black Brook 1.95 1.95
High Falls Brook 1.96 1.92
High Falls Brook 1.93 1.90
Biscuit Brook 1.89 1.85
Biscuit Brook 1.85 1.80
High Falls Brook (field blank) 0.06 0.01
Biscuit Brook 1.79 1.80
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Dissolved Organic and Inorganic Carbon

DOC and DIC were measured by a Dohrmann
Carbon Analyzer at the NYCDEP laboratory in
Grahamsville, N.Y. The analysis was based on the
method described in USEPA, 1987, (sec. 14).

Oxygen-Isotope Ratios

Oxygen-isotope analyses were done at the USGS
laboratory in Reston, Va. The method used was that of
Epstein and Mayeda (1953). Isotope samples taken
manually were collected in a glass bottle and sealed in
the field; isotope samples taken by the automated
sampler were decanted from the automated sampler
bottles immediately after collection.

DATA MANAGEMENT

The data-management task entailed handling a
broad variety of information and data built from more
than 20,800 data-entry records and stored in 64
computer data sets. QA/QC procedures included
review of entered data by the data-entry technician
and the data manager, and review of temporal plots of
each constituent to catch entry mistakes. Data were
entered into a custom-designed PC-SAS software
package designed by Slagle (1988). The menu-driven
system included data-entry templates, edit-mode
capabilities, standardized retrieval options, and a vari-
ety of QA/QC programmed retrieval options that
facilitated data verification. The package incorporated
64 coding sheets designed for compilation of infor-
mation associated with the study’s chemistry, biology,
hydrology, and atmospheric-deposition data, as well
as for data tracking, site characterization, and QA/

QC.

Procedures

Management of the chemistry data began with
the receipt of a field log sheet that documented
where, when, and why a group of samples was
collected. The sample serial number, which is the
primary identifier, was written on the sheet and on
each sample bottle, as were the stream-identification
number and the date and time of collection. This log
information was coded and entered into the data base
(AOL1 file). The opening of this file initiated space in
a second file (A02 file), where analytical results for
up to 18 constituents per sample were entered.

Results from the five laboratories used in the study
were entered into this file directly from laboratory
bench sheets.

Before entry, data were reviewed for completeness
and legibility. Laboratory standards and associated
analytical-blank results were coded on quality-control
check-sample (QCCS) forms for entry into quality-
control files. At the completion of a data-entry session
(typically 15 to 45 minutes), the entry person visually
examined each entry against the input document.
Periodically, the data-base manager checked about
3 percent of the data.

Menu-selected retrievals were used to verify,
summarize, and analyze the data. They identified data-
handling errors and potential sample contamination or
analytical errors. Anomalies were then segregated for
further investigation.

Information from the biological activities and
hydrologic measurements was compiled on coding
sheets by field personnel. Those documents were
collated and reviewed before entry into the data base.

Data Verification

All biology field records were checked for accu-
racy and completeness by the senior biologist after field
activities. Unreadable or inaccurate information was
corrected, and field records were entered into the data
base. Frequency checks of field-data variables and
graphs of logical relations were used to isolate and
correct inconsistent or erroneous entries, where
possible.

Many related files supported and embellished the
primary files (including QA/QC files and comments
files). Standard retrievals provided an output matrix of
sample documentation information (AO1) or analytical
results (A02) by sample serial number. Retrievals could
be selected by either a range of serial numbers or a
range of dates collected. These reports were the
primary references needed for data verification.

Programmed retrievals that summarized variables,
and analyzed QA/QC properties were available for data
management. Brief descriptions of the most actively
used programmed retrievals are listed below. Discrep-
ancies identified by periodic use of the retrievals were
resolved through further investigation.

* Summary programs computed frequency distribu-
tions of variables and provided cross tabulations.
Included were calculated maximum, minimum,
mean, and standard deviation.
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o Sample-holding times were monitored by a program
that compared the “date collected” field with each
constituent’s “date analyzed” field. The program
flagged constituents whose holding times exceeded
project limits.

* A third program isolated analytical results of field
blanks and flagged values that exceeded either warn-
ing limits or control limits for each constituent.

e Analytical results of field duplicates were compared
to analyses of the original sample by a program that
flagged constituent differences that exceeded project
limits.

e Several programs calculated cation-anion balances.
Results were flagged when ion differences exceeded
10 percent.

» Similar programs were also used to monitor the
analyses of QCCS samples. Values that exceeded
acceptable limits were flagged.

The cation-anion balance equation most frequently
used to verify Catskill samples did not include alumi-
num or DOC in the computation. Samples that deviated
by more than 10 percent from unity were then checked
for high concentrations of aluminum or DOC. If
concentrations of these constituents were high, the
cation-anion balance equation was recomputed. If the
sample still did not meet the balance criteria above, it
was flagged for reanalysis.
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APPENDIXES

Tables 13-15

Table 13. Water-quality data from the four streams studied, October 1988 through May 90:
A Biscuit Brook . ...

Table 14. Water-quality data from snowcores and snowmelt, water years 1989-90:

..........

..........

..........

A. Snowcore data from Biscuit Brook, Black Brook, and East Branch Neversink River . .. ..

B. Snow-lysimeter data from Biscuit Brook above Pigeon Brook at Frost Valley

Table 15. Daily mean discharges at the four streams studied, water years 1989-90:

Figres 4-5

Figure 4. Plots of 1989-90 minimonitor data from the four streams studied:
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Figure 5. Maps of four watersheds showing distribution of soil groups:
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Table 14. Water-quality data from snowcores and snowmelt,
water years 1989-90

AL SNOwWeore data . ... oo . 60

B. Snowmelt data
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Table 15. Daily mean discharges at the four study sites,
water years 1989-90

A Biscuit Brook ... 64
B. Black Brook. ............... 66
C. East Branch Neversink River. . .................... . 68
D.High Falls Brook . ...................oo o 70
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Figure 4.

Figure 5.

Figures 4-5

Plots of 1989-90 minimonitor data from the four streams studied:
A. Daily mean water tEmMperatiire . . .. ... ...ttt ettt
B. Daily mean specific conductance .. ......... ... ...

C.Daillymean pH ... ... .

Maps of four watersheds showing distribution of soil groups:

AL BIscuit Brook . ...

Figure 4
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Figure 4A. 1989-90 minimonitor data from the four study streams: Mean daily water temperature.
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Figure 4A. 1989-90 minimonitor data from the four study streams: Mean daily water temperature (continued)
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Figure 4B. 1989-90 minimonitor data from the four study streams: Specific conductance.
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Figure 4B. 1989-90 minimonitor data from the four study streams: Specific conductance (continued)
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Figure 4C. 1989-90 mimonitor data from the four study streams: pH.
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Figure 4C. 1989-90 minimonitor data from the four study streams: pH (continued)
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Figure 5A. Distribution of soil groups in the Biscuit Brook watershed.
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