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CONVERSION FACTORS AND ABBREVIATED WATER-QUALITY UNITS

Multiply By To obtain
Length
mile (mi) 1.609 kilometer
Area
square mile (nf) 259.0 hectare
square mile (nf) 2.590 square kilometer
Volume
gallon (gal) 3.785 liter
gallon (gal) 0.003785 cubic meter
cubic foot (f8) 0.02832 cubic meter
Flow
cubic foot per second #f6) 0.02832 cubic meter per second
pounds per day (Ib/d) 0.4536 kilograms per day
Mass
pound, avoirdupois (Ib) 0.4536 kilogram

Temperature given in degrees Fahrenheit (°F) and Celsius (°C) may be converted to degrees
Celsius (°C) and Kelvin (°K) by the following equations:

°C = 5/9 X (°F-32)
°K = 273.15 +°C

Water-quality abbreviations

pHm - micrometer

s/d - seconds per day
mg/L - milligrams per liter
Mo/l - micrograms per liter
MPN/100mL- most probable number of bacteria per 100 milliliters
ALK - alkalinity

HARD - hardness

TOC - total organic carbon
SS - suspended sediment
DS - dissolved solids

NA - dissolved sodium

CL - dissolved chloride

DO - dissolved oxygen



RELATIONS OF SURFACE-WATER QUALITY TO STREAMFLOW IN
THE WALLKILL AND UPPER DELAWARE RIVER BASINS, NEW
JERSEY AND VICINITY, WATER YEARS 1976-93

By Debra E. Buxton, Kathryn Hunchak-Kariouk, and R. Edward Hickman

ABSTRACT

Relations of water quality to streamflow were determined for 18 water-quality constituents
at 18 surface-water stations within the drainage basins of the Wallkill and upper Delaware Rivers
in New Jersey and vicinity for water years 1976-93. Surface-water-quality and streamflow data
were evaluated for trends (through time) in constituent concentrations during high and low flows,
and relations between constituent concentration and streamflow, and between constituent load and
streamflow, were determined. Median concentrations were calculated for the entire period of
study (water years 1976-93) and for the last 5 years of the period of study (water years 1989-93)
to determine whether any large variation in concentration exists between the two periods.
Medians also were used to determine the seasonal Kendall's tau statistic, which was then used to
evaluate trends in concentrations during high and low flows.

Trends in constituent concentrations during high and low flows were evaluated to
determine whether the distribution of the observations changes through time for intermittent
(nonpoint storm runoff) or constant (point sources and ground water) sources, respectively. High-
and low-flow trends in concentrations were determined for some constituents at 15 of the 18
water-quality stations; 3 stations have insufficient data to determine trends. Seasonal effects on
the relations of concentration to streamflow are evident for 16 of the 18 constituents. Negative
slopes of relations of concentration to streamflow, which indicate a decrease in concentration at
high flows, predominate over positive slopes because of the dilution of instream concentrations by
storm runoff.

The slopes of the regression lines of load to streamflow were determined in order to show
the relative contributions to the instream load from constant (point sources and ground water) and
intermittent (storm runoff) sources. Greater slope values indicate larger contributions from storm
runoff to instream load, which most likely indicate an increased relative importance of nonpoint
sources. The slopes of load-to-streamflow relations along a stream reach that tend to increase in
a downstream direction indicate the increased relative importance of contributions from storm
runoff. The slopes of load-to-streamflow relations for several nutrients and dissolved ions
increase in the downstream direction at the Wallkill River, Paulins Kill, and Musconetcong River.
Likewise, the slopes of load-to-streamflow relations along a stream reach that tend to decrease in
a downstream direction indicate the increased relative importance of point sources and ground-
water discharge. The slopes of load-to-streamflow relations for several dissolved ions decrease in
the downstream direction at the Delaware River.



INTRODUCTION

The New Jersey Department of Environmental Protection (NJDEP) has initiated an
innovative watershed approach to water-quality management in order to attain State-mandated
goals for the quality of surface water (New Jersey Department of Environmental Protection,
1989). Water quality will be assessed and management practices will be executed on the basis of
factors that adversely affect quality, such as nonpoint source contributions, headwaters
destruction, and habitat degradation, within the watershed or basin. This approach requires
evaluation of the effects of point-and-nonpoint source contributions on the quality of surface
water within a watershed. To facilitate the assessment of surface-water quality, the State is
divided into four regions on the basis of watershed-management issues and hydrogeologic
boundaries defined by the U.S. Geological Survey (USGS) (fig. 1).

The USGS, in cooperation with the NJDEP, has developed a watershed-based method for
relating water quality to streamflow to assess the relative contributions of constant (point sources
and ground-water discharge) and intermittent (nonpoint storm runoff) sources of constituents to
New Jersey streams in all four watershed regions. The initial study was conducted for the Passaic
region, which comprises the Hackensack, Passaic, Elizabeth, and Rahway River Basins (Buxton
and others, 1998). The other regions consist of (1) the Wallkill River and upper Delaware River
Basins; (2) the Raritan River Basin; and (3) the Atlantic Coastal, lower Delaware River, and
Delaware Bay Basins.

Purpose and Scope

This report presents the results of analyses for 18 water-quality constituents in samples
collected at 18 surface-water-quality stations within the Wallkill and upper Delaware River Basins
(referred to as the study area) during water 9@9@6-93 (October 1, 1975, through September
30, 1993). Relations between each of the 18 constituents and streamflow at the 18 stations over
the period of record were determined by testing for trends in the concentrations of constituents
during low and high flows. Qualitative values of contributions from constant (point sources and
ground water) and intermittent (nonpoint storm runoff) sources are estimated statistically by
examining the relations between concentrations of constituents and streamflow, and load and
streamflow.

Results of analyses are presented in three ways—in tables for each station with median
concentrations, the regression slopes of concentration and load to streamflow, and the directions
of the trends in concentrations during low and high flows for all constituents; in schematics for
each constituent showing regional trends in concentrations during low and high flows and the
slopes of load to streamflow; and in graphs for each constituent by station showing relations of
concentration to streamflow, load to streamflow, and trends in concentrations during low and high
flows.

L A water year is the 12-month period from October 1 through September 30 and is designated by the
calendar year in which it ends.
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Approach

A river receives constituents from point and nonpoint sources within the contributing
drainage basin. Point sources are discrete, identifiable origins of constituents, such as permitted
discharges from municipal- and industrial-wastewater treatment facilities, that contribute water to
a stream at a constant rate, independent of streamflow conditions. Constituents from more
diffuse, nonpoint sources are transported to the river by storm runoff from agricultural,
residential, and urban areas and impervious surfaces (highways and parking lots), and by ground
water that could contain effluent from leaking underground-storage tanks, septic systems, and
landfills. Storm runoff, composed of overland runoff (water that flows overland when
precipitation exceeds the infiltration rate) and interflow (infiltrated water that moves in a
horizontal direction in the low permeable subsoil), contributes to a stream intermittently,
depending on storm intensity and frequency, and only during high flows (Chow, 1964; Novotny
and Chesters, 1981). Ground-water discharge to a stream is almost constant, although the rate of
discharge varies slightly with season and precipitation rate. Instream concentrations of
constituents are a summation of the contributions from constant (point sources and ground-water
discharge) and intermittent (storm runoff) sources.

The magnitude, or steepness, of the slope of the regression line between constituent loads
and streamflow indicates the relative contributions of constant and intermittent sources at a river
location. The steeper the slope, the greater the contribution from nonpoint sources during
increased streamflow. If the contributions to instream load are mainly from point sources and
ground water, instream load will remain constant with increasing streamflow, and the regression
slope of load to streamflow will be approximately zero (fig. 2). If, however, storm runoff
contributes a disproportionate amount of material to instream load, instream load will increase
with increasing streamflow, and the regression slope of load to streamflow will be greater than
zero (fig. 2). A steep slope does not imply that contributions from constant sources are
unimportant, but only that intermittent sources contribute more to instream load during high flows
than do constant sources. Price and Schaefer (1995) used this approach (steepness of the load-to-
streamflow regression line) to assess the relative contributions of permitted and nonpermitted
sources in the Musconetcong, Rockaway, and Whippany River Basins. An idealized example of
the relation of load to streamflow is shown in figure 3. For site 01380500, the Rockaway River
above the reservoir at Boonton, the slope of the regression line is steeper (the estimated total
median load from permitted point sources upstream was approximately 100 Ib/d) than the slope
for site 01381200, Rockaway River at Pine Brook (the estimated median load from permitted
point sources was approximately 1,000 Ib/d). In the example, the relative importance of nonpoint
sources is greater at station 01380500 than at site 01381200, and the relative importance of point
sources is greater at site 01381200 than at site 01380500.

Concentrations of constituents cannot be related to streamflow in this way because
contributions from storm runoff are flow dependent, and a small concentration can represent a
large instream load during high-flow conditions. If constituents are contributed to a stream mostly
from constant sources, then instream concentrations will be diluted during periods of high flow.
If, however, storm runoff contributes significant amounts of constituents to a stream, then the
extent of dilution during periods of high flow will be reduced. The use of loads (mass per time)
instead of concentrations (mass per volume) removes the influence of changing streamflow
(volume per time) on instream constituent amounts (Buxton and others, 1998).
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Figure 2. Hypothetical logarithmic plot of expected load-to-streamflow relations
for a stream strongly affected by constant (point source and ground water) and
intermittent (nonpoint storm runoff) sources.
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The instream load also can be affected by contributions from ground water and streambed
sediment. Ground-water contributions to streams during low flow can be significant, but are less
likely to affect surface-water quality during high-flow conditions when ground-water
contributions are diluted. In some hydrologic systems, the scour of streambed sediment during
high flows can contribute to the instream load. Rosensteel and Strom (1991) collected water
samples from the Pompton and Passaic Rivers during storms and found that most of the observed
increase in the load of total phosphorus at high flows was attributable to the dissolved fraction of
the phosphorus load, indicating that the load contributed by sediment scour probably was
significant.

Comparisons of trends in constituent concentrations during high and low flows can
indicate changes through time in the contributions from intermittent and constant sources,
respectively. Positive trends during high flows indicate an increase in the storm runoff
contributions through time, whereas negative trends indicate a decrease in the storm runoff
contributions. Positive trends during low flows indicate an increase in the contributions from
point sources and ground water or both through time, whereas negative trends indicate a decrease
in the contributions from point sources and ground water.

The study involved several phases of multidisciplinary activity starting with the selection
of the surface-water-quality stations (table 1), constituents, and the period of record. Water-
guality and instantaneous-streamflow data were retrieved from the National Water Information
System (NWIS) data base (Hutchison, 1975), which is maintained by the USGS. The water-
guality and instantaneous-streamflow data underwent extensive quality-assurance procedures.

The data base created for this study was maintained with the Statistical Analysis System
(SAS), a statistically based integrated software system that provides data access, management,
analysis, and presentation. With SAS, median concentrations and relations of surface-water
guality to streamflow were determined for each constituent at each station. The types of relations
analyzed are concentration to streamflow, load to streamflow, and concentration trends during
low- and high-flow conditions.

Graphs, schematics, and tables were generated to show the statistical results. Results are
presented in the text first by basin and compared with the impairment index generated by the
NJDEP’s Ambient Biomonitoring Network (AMNET) biological assessment, and then by
constituent. Results of the three surface-water quality to streamflow analyses are presented
graphically by constituent for each station in appendixeszl-18

Previous Studies

Water-quality studies have been conducted in New Jersey by the USGS, in cooperation
with State and local agencies, since the early 1960’s. Three more recent USGS studies report the
effects of nonpoint source contamination on New Jersey streams. Schornick and Fishel (1980)
reported the effect of storm runoff on the surface-water quality of the Mill Creek Basin in

2 Appendixes 1-18 containing relations of surface-water quality to streamflow are available on a CD-ROM,;
contact the New Jersey District Office of the USGS in West Trenton, N.J., for more information or to obtain
copies of the CD-ROM.



Table 1. Description of, years of record for, and mean annual flow at selected surface-water-quality
stations in the Wallkill and upper Delaware River Basins, New Jersey and vicinity

[All stations are in New Jersey unless otherwise indicated; ND, no data for Sjteguire miles;
ft3/s, cubic feet per second]

Mean
Daily annual flow
, streamflow in ft%/s
Station Latitude/ Drainage record (period of
number Station name longitude areainmi  (water years) record)
Wallkill River Basin
101367770 Wallkill River near Sussex 411138/743432 60.8 ND ND
101367910 Papakating Creek at Sussex 411202/743559 59.4 ND ND
01368000 Wallkill River near Unionville, N.Y. 411536/743258 140 1938-81 215
101368950 Black Creek near Vernon 411321/742833 17.3 ND ND
Upper Delaware River Basin
01438500 Delaware River at Montague 411833/744744 3,480 1940-93 5,686
01440000 Flat Brook near Flatbrookville 410624/745709 64.0 1924-93 110
101443000 Delaware River at Portland, Pa. 405526/750546 4,165 ND ND
101443440 Paulins Kill at Balesville 410620/744519 67.1 ND ND
01443500 Paulins Kill at Blairstown 405844/745715 126 1922-93 195
01445500 Pequest River at Pequest 404950/745843 106 1922-93 156
101447000 Delaware River at Northampton Street,  404130/751215 4,717 ND ND
at Easton, Pa.
01455200 Pohatcong River at New Village 404257/750420 33.3 1960-69 26.6
101456200 Musconetcong River at Beattystown 404848/745032 90.3 ND ND
01457000 Musconetcong River near Bloomsbury ~ 404020/750340 141 1904-93 236
101457400 Musconetcong River at Riegelsville 403532/751120 156 ND ND
01457500 Delaware River at Riegelsville 403536/751117 6,328 1906-71 10,827
101461000 Delaware River at Lumberville 402427/750216 6,598 ND ND
201463500 Delaware River at Trenton 401318/744642 6,780 1913-93 11,620

1Water-quality station only.
2NASQAN (National Stream Quality Accounting Network) station.



Willingboro, Burlington County. Fusillo (1981) reported the effects of suburban residential
development on surface- and ground-water quality in the upper Great Egg Harbor River Basin in
Winslow Township, Camden County. Price and Schaefer (1995) reported estimated loads of
selected constituents in the Musconetcong, Rockaway, and Whippany River Basins in northern
New Jersey.

Several previous studies address surface-water issues in the river basins investigated in
this study. Anderson and George (1966) reported the results of a statewide reconnaissance study
of the water-quality characteristics of New Jersey streams. Anderson and McCarthy (1963)
described the chemical characteristics of streams in the Delaware River Basin. Hely and Olmsted
(1963) presented relations between streamflow characteristics and the environment in the
Delaware River region. McCarthy and Keighton (1964) described the quality of water in the
Delaware River at Trenton, and Parker and others (1964) discussed the water resources of the
Delaware River Basin.

Several USGS studies were conducted to evaluate surface-water characteristics and water-
guality trends in New Jersey. Low-flow characteristics and flow durations of New Jersey streams
were reported by Gillespie and Schopp (1982). Hay and Campbell (1990) identified statewide
water-quality trends in New Jersey streams. Robinson and Pak (1993) summarized the water
quality of selected New Jersey streams for water years 1987-89. Statewide monthly statistical
summaries of surface-water temperatures during 1955-93 were presented by Reed and Hunchak-
Kariouk (1995). Buxton and others (1998) presented relations of surface-water quality to
streamflow in the Hackensack, Passaic, Elizabeth, and Rahway River Basins for water years
1976-93. Hunchak-Kariouk and others (1999) presented relations of surface-water quality to
streamflow in the Atlantic Coastal, lower Delaware River, and Delaware Bay Basins for water
years 1976-93.
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Description of the Study Area

The study area, which is in northwestern New Jersey and nearby Pennsylvania and New
York, encompasses two river basins—the Wallkill and upper Delaware (fig. 4). Water-quality
stations are located within New Jersey unless otherwise indicated.

Wallkill River Basin

The Wallkill River (fig. 4) drains an area of 203°rand flows 27 miles in a generally
northern direction from its headwaters at Lake Mohawk, New Jersey, into New York State (New
Jersey Department of Environmental Protection and Energy, 1993). In New Jersey, the Wallkill
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Figure 4. Locations of surface-water-quality stations and ambient blomomtonng network
stations in the Wallkill and upper Delaware River Basins, New Jersey and vicinity.
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River is located entirely within Sussex County. The river's major tributaries in New Jersey
include Papakating and Black Creeks, and Beaver Run. The major impoundments and lakes in
the basin include Lake Mohawk, Newton Reservoir, Fox Trail Lake, Beaver Lake, Lake Girard,
Silver Lake, Glenwood Lake, and Lake Grinnel. A mean annual flow of ZI&fior water years
1938-1981 was estimated at the discontinued surface-water gaging station on the Wallkill River
near Unionville, New York (01368000) (U.S. Geological Survey, 1982). Land use in the basin is
predominately forested and agricultural, but the amount of developed land is increasing (New
Jersey Department of Environmental Protection and Energy, 1993).

Four water-quality stations are located in the Wallkill River Basin (table 1). Two water-
guality stations are located on the Wallkill River, and one water-quality station is located on each
of the Papakating and Black Creeks. The period of record for water-quality-data collection for
each station is shown in figure 5.

Upper Delaware River Basin

The upper Delaware River Basin within New Jersey, from Montague to Trenton, (fig. 4)
encompasses six small watersheds that drain into the Delaware River. These watersheds total
about 800 nfi of drainage area in parts of five New Jersey counties—Sussex, Warren, Morris,
Hunterdon, and Mercer. Impoundments in the watersheds include Culvers Lake, Lake Owassa,
Swartswood Lake, and Lake Musconetcong. A mean annual flow of 11362046 estimated
for water years 1913-1993 at the surface-water gaging station on the Delaware River at Trenton
(01463500) (Bauersfeld and others, 1994).

The upper Delaware River Basin contains 14 water-quality stations (table 1). Six water-
guality stations are located on the Delaware River, one of which, Delaware River at Trenton
(01463500), is a National Stream Quality Accounting Network (NASQAN) station. Three water-
guality stations are on the Musconetcong River, and two are on the Paulins Kill. Flat Brook,
Pequest River, and Pohatcong Creek have one water-quality station each located along their
reaches. The period of record for water-quality-data collection for each station is shown in figure
5.

Land use within the upper Delaware River Basin differs in each of the six smaller
watersheds. Flat Brook is 10 miles long and has a drainage area of abotft 66hmiFlat Brook
watershed is mostly undeveloped and mountainous, and contains state parks, state forests, and the
Delaware Water Gap National Recreation area. The Paulins Kill is 39 miles long and drains an
area of about 172 i Land use in the Paulins Kill watershed is primarily agricultural and
forested with increasing amounts of suburban, residential, and commercial development. The
Pequest River is 32 miles long with a drainage area of about #58 amd use in the Pequest
River watershed is mostly recreational with forested and agricultural areas; however, residential
and commercial development is increasing. Pohatcong Creek is 28 miles long and drains an area
of about 57 mfi. Land use in the Pohatcong Creek watershed is primarily agricultural. The
Musconetcong River drains an area of about 1%6amd is 42 miles long from its headwaters at
Lake Hopatcong to its point of discharge into the Delaware River at Riegelsville. Land use in the
Musconetcong River watershed is primarily forested; some agricultural land with residential and
commercial development is present around the larger towns. The Delaware River from
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Figure 5. Period of record (at least one measurement per year) of water-quality data for selected stations
in the Wallkill and upper Delaware River Basins, New Jersey and vicinity, for water years 1976-93. (Station

names are given in table 1.)
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Riegelsville to Trenton is about 45 miles long with a drainage area of about 26mi
encompasses about 75 miles of tributary streams. Land use is predominately agricultural and
forested with scattered residential and commercial development on the rise (New Jersey
Department of Environmental Protection and Energy, 1993).

METHODS OF STUDY

The following section describes the methods and criteria used for the selection of
constituents, sites, and data sources. Methods for data preparation, quality assurance, and
statistical analyses are described.

Selection of Constituents, Sites, and Data Sources

Constituents were chosen on the basis of their usefulness as indicators of the quality of the
surface water and usefulness in developing effective surface-water-quality management practices.
The 18 constituents selected include aggregate water properties (properties that include
concentrations of several different chemical species), major ions, dissolved oxygen, nutrients,
metals, and bacteria (table 2).

The Wallkill and upper Delaware River basins contain 17 water-quality stations (table 1)
with data from water years 1976-93 that are part of the USGS/NJDEP Cooperative Ambient
Surface Water Quality Network and 1 water-quality station that is part of NASQAN. Six of the
stations also are operated as surface-water gaging stations. These stations were chosen on the
basis of their locations and periods of record.

Water-quality and streamflow data were retrieved from the NWIS data base. Water-
guality data for water years 1976-93 are available for 15 stations; partial records are available for
the other 3 stations (fig. 5). Streamflow data are available for six water-quality stations for water
years 1976-93.

Data Preparation

Water-quality and instantaneous-streamflow data retrieved from the NWIS data base were
reviewed extensively for accuracy and were maintained in a SAS data base. Values of dissolved
nitrate plus nitrite and dissolved nitrite were substituted for values of total nitrate plus nitrite and
total nitrite where the latter were missing. This substitution is appropriate because nitrate and
nitrite are anions that are poorly absorbed to mineral surfaces, and therefore, are present in
ambient water almost exclusively as dissolved species (Hem, 1985). Where both dissolved and
total concentration values were available for nitrate plus nitrite and nitrite, little or no difference
was observed.

Water-Quality Data

Values for the fraction of dissolved oxygen at saturation and concentrations of hardness,
total organic carbon, and total nitrogen were calculated.
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Table 2.Selected constituents and reporting units

[mg/L, milligrams per liter; CaCg) calcium carbonate; C, carbon; Na, sodium; Cl, chloride;
P, phosphorus; N, nitrogepg/L, micrograms per liter; B, boron; Pb, lead; MPN/100 mL,
most probable number per 100 milliliters]

Constituent Reporting unit
Alkalinity mg/L as CaCQ
Hardnes$ mg/L as CaCQ@
Total organic carbon mg/L as C
Suspended sediment mg/L
Dissolved solids mg/L
Dissolved sodium mg/L as Na
Dissolved chloride mg/L as ClI
Dissolved oxygen mg/L

Fraction of dissolved oxygen at saturation Percent

Total phosphorus mg/L as P
Total nitrogen mg/L as N
Total nitrate plus nitrite mg/L as N
Total nitrite mg/L as N
Total ammonia plus organic nitrogen mg/L as N
Total ammonia mg/L as N
Total boron Mg/l as B
Total lead Mg/l as Pb
Fecal coliform bacteria MPN/100 mL

1 values of constituent or property are calculated.
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The fraction of dissolved oxygen at saturation is the ratio of the measured dissolved
oxygen concentration to the dissolved oxygen concentration at saturation, in percent, computed
by using the following equation:

— DO
FDO = 100 [Dosaj : (1)
where

FDO = fraction of dissolved oxygen at saturation;

DO =dissolved oxygen concentration, in milligrams per liter; and

DOg,= dissolved oxygen at saturation, in milligrams per liter.

The following evaluation by R.F. Weiss (R.J. Pickering, U.S. Geological Survey, written com-
mun., 1981) was used to calculate the concentration of dissolved oxygen at saturation:

In DOy = A1+A2¥+A3 In%)+A4 %)+S[Bl+82%)+83 %0%2}, @)
where

In = natural logarithm;

DOg,= dissolved oxygen concentration at saturation;

A, =173.4292;

A, =249.6339;

Az =143.3483;

A, =21.8492;

B, =0.033096;

B, =0.014259;

B; =0.001700;

T = temperature, in degrees Kelvin; and

S = salinity, in grams per kilogram.

The concentration of total hardness, expressed as calcium carbonate in milligrams per liter
(mg/L as CaC@), was calculated as follows:

Total hardness = 2.497 [Ca] + 4.118 [Mg], 3)

where
Ca is the dissolved calcium concentration, in milligrams per liter, and
Mg is the dissolved magnesium concentration, in milligrams per liter.

Some total organic carbon concentrations were calculated as the sum of the dissolved and
particulate organic carbon concentrations; all are expressed as carbon in milligrams per liter
(mg/L as C). The concentration of total nitrogen was calculated as the sum of the total nitrate plus
nitrite and total ammonia plus organic nitrogen concentrations; all are expressed as nitrogen in
milligrams per liter (mg/L as N).

Estimated loads were calculated for each of 16 constituents (no loads were calculated for
the fraction of dissolved oxygen at saturation or fecal coliform bacteria) by multiplying the
concentration by the instantaneous streamflow and applying unit conversions to yield an instream
load in pounds per day, as follows:
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load (Ib/d) = concentration (mg/L) x streamflow?($) x 2.20462 x 18 Ib/mg (4)
X 86,400 s/d x 28.316 LAt
When concentrations are in micrograms per liter, the conversion is
load (Ib/d) = concentration (ug/L) x streamflow?(§) x 2.20462 x 18 Ib/ug (5)
X 86,400 s/d x 28.316 LAt

Steps were taken to ensure consistent data quality because of the long period over which
the data were collected. Water-quality data for the period of record, water years 1976 to 1993,
were reviewed to identify any obvious data inconsistencies (that is, data outliers), because of
changes in laboratory remark codes, reporting levels, analytical methods, project data-entry
protocols, project data-quality review protocols, sample preservation, and sample processing.
Many of these factors were known to have changed over the 18-year period of record; this may
have affected the quality of the data (in this study, only data outliers were of concern). Breidt and
others (1991) reported finding similar water-quality-data anomalies in this period of record. This
review resulted in the removal from the data base of less than 1 percent of the original data set.
Most of the corrections (removal) were for field measurements made prior to 1985 and for data
that had been entered into the data base manually from paper records.

No attempt was made to identify data-biasing effects on the median values. The data
review was performed prior to statistical analysis and interpretation. Data in the 0.025 and 0.975
percentiles for each station were candidates for being data outliers. In addition, plots of
constituent concentrations by month, as well as constituent concentrations as a function of
streamflow, were visually inspected for potential outliers. Data were evaluated by month of
sample collection to determine whether a value was a seasonal outlier, and by discharge to
determine whether the value was an outlier because it was affected by dilution during high flow.
In addition, changes in laboratory reporting remark codes and censoring limits were reviewed.
The analytical method used for the years in which the censored data were collected was
determined from tables reported by Friedman and Fishman (1989) and Fishman and others
(1994), and the analytical method lower-reporting limit was checked against those reported for
that analytical method in Skougstad and others (1979), Fishman and Friedman (1989), and
Wershaw and others (1987). The outliers were evaluated by considering:

(1) concentrations of related constituents in the same sample,

(2) the constituent concentration at sites upstream or downstream,

(3) the effects of an early or late change of season,

(4) the number of measurements for the month or season,

(5) the presence of point-source discharges upstream of the sampling site,
(6) the possibility of constituent inputs from seasonal nonpoint-source runoff,
(7) streamflow regulation,

(8) the streamflow discharge, and

(9) surrounding geology and physiographic province.

Outliers were deleted only if no plausible explanation based on the factors listed above
was found.
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Streamflow Data

Instantaneous-streamflow values were used when available to calculate instream loads;
when those values were not available, an estimated daily mean value was used. Continuous
streamflow records from gages were available for six water-quality stations and were used to
determine instantaneous streamflows. For the 12 stations with no streamflow data, a correlation
with an adjacent gaging station was developed, and a daily mean streamflow was estimated from
the correlation.

As with the water-quality data, steps were taken to ensure consistent data quality because
of the long period over which the data were collected. Streamflow data for the period of record,
water years 1976 to 1993, were reviewed to identify any apparent or obvious data inconsistencies
(that is, data outliers), many of which were due to data entry errors. The review was performed
prior to statistical analysis and interpretation. This review resulted in the removal from the data
base of less than 2 percent of the original data set.

Streamflow data from each surface-water-quality monitoring station were regressed on
daily mean values from the NWIS data base to ensure that the values were consistent. Residuals
of plots of streamflow as a function of gage height, and streamflow at adjacent or nearby
continuous-record stations, were evaluated. Outliers were identified as those values with
studentized residuals larger than an absolute value of 2 and were further evaluated by considering:

(1) the time of sample collection,

(2) upstream flow regulation, and

(3) streamflow at nearby stations.

If no plausible explanation for the apparent inconsistency of a data point (an outlier),
based on the factors listed above, was found, the daily mean values were used. These new values
were double-checked by plotting them on a graph of field specific conductance as a function of
flow duration. Specific conductance would be expected to be inversely proportional to
streamflow, except during times of snow melt. The measurement of specific conductance is
independent of the measurement of streamflow.

Flow-Duration Data

Flow durations for each water-quality station were retrieved as data from WATSTORE
(National Water Data Storage and Retrieval System), as output from computer simulation using
MOVE.1 (Maintenance of Variance Extension, Type 1) (Hirsch, 1982), and as drainage area
adjustments from nearby surface-water gaging stations (table 3).

Flow-duration tables were developed by using the Daily Value Statistics (DVSTAT)
computer program in the WATSTORE data base for 6 of the 18 surface-water-quality stations that
had continuous streamflow records. Flow-duration curves show the percentage of time that a
particular discharge is exceeded, and a flow-duration point is a discharge value, in cubic feet per
second, interpolated from a duration table for a particular percentage of time. For the purpose of
this study, the 25-percent duration point was used to determine high-flow conditions, and the 75-
percent duration point was used to determine the low-flow conditions. The resulting values for
each station are shown in table 3.
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Table 3. Estimated flow-duration values of mean daily discharge and data source for surface-
water-quality stations in the Wallkill and upper Delaware River Basins, New Jersey and vicinity

[ft3/s, cubic feet per second; %, percent; WATSTORE, National Water Data Storage and Retrieval
System; MOVE.1, Maintenance of Variance Extension, Type 1; Drainage Area, adjusted on basis
of drainage area from nearby streamgaging stations]

Flow duration values of mean daily
discharge, in fi's

Station number 25% 75% Source
01367770 105 28.4 MOVE.1
01367910 80.9 12.5 MOVE.1
01368000 272 53.0 WATSTORE
01368950 32.3 9.0 MOVE.1
01438500 6,800 2,080 WATSTORE
01440000 137 32.7 WATSTORE
01443000 8,920 2,572 Drainage area
01443440 146 35.4 MOVE.1
01443500 252 63.2 WATSTORE
01445500 206 60.2 WATSTORE
01447000 10,100 2,912 Drainage area
01455200 45.1 9.8 MOVE.1
01456200 211 58.1 MOVE.1
01457000 306 110 WATSTORE
01457400 334 124 MOVE.1
01457500 13,600 4,040 WATSTORE
01461000 14,200 4,390 Drainage area
01463500 14,600 4,510 WATSTORE
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Base-flow relations were determined for 7 of the 18 water-quality gaging stations by
correlating instantaneous low-flow discharge at the partial-record station with the mean daily
discharge at a nearby “index” continuous-record gaging station. A streamflow record extension
technique, MOVE.1, was used to develop the correlations (Hirsch, 1982). MOVE.1 was used
because it was adequate for the purposes of this study, in which flow duration was used only to
divide streamflow data into groups of high, moderate, and low ranges for trend analysis. The
relations are made in the following form:

LQop, = uPR+§’ﬁHLQCR—ucd, (6)

where

LQpr = the base-10 logarithm of the partial-record streamflow,

upr = the mean of the logarithms of partial-record streamflow,

Sr = the standard deviation of logarithms of partial-record streamflow,

LQcr = the base-10 logarithm of the index continuous-record streamflow,

Uucr = the mean of the logarithms of the index continuous-record streamflows, and
Sr = the standard deviation of logarithms of the index continuous-record streamflow.

The flow-duration values for three partial-record stations on the Delaware River—
01443000, at Portland, Pennsylvania; 01447000, at Northampton Street, at Easton, Pennsylvania;
and 01461000, at Lumberville—were estimated using drainage-area adjustments from nearby
surface-water gaging stations (table 3).

Statistical Analyses

Concentration measurements were selected for use in the analyses only if they had an
associated, nonzero value of streamflow (instantaneous or estimated); only one observation per
constituent per day was used. Concentration values were reported as “uncensored,” “less-than,”
and “greater-than”. Concentrations of constituents other than fecal coliform bacteria were either
uncensored or less-than values; some measurements of fecal coliform bacteria were greater-than
values.

Median concentrations and relations of surface-water quality to streamflow were
determined for each constituent and station. The following types of relations of surface-water
guality to streamflow are presented graphically by constituent for each station in appendixes 1-18:
concentration to streamflow, load to streamflow, and trends concentrations during low and high
flows.

Calculation of Medians

Medians were calculated for measurements made during two periods—the entire period of
study (water years 1976-93) and the last 5 years of the period of study (water years 1989-93). The
method of calculation depended upon whether the data set contained censored values. For data
sets with only uncensored data, the values were ranked and the median was calculated as the 50th
percentile. For data sets with less-than values but no greater-than values, medians were calculated
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by using the adjusted maximum likelihood method described in Cohn (1988) and in Helsel and
Cohn (1988). If the data set contained either an insufficient number of observations needed to use
this method or contained greater-than values, the median was determined by manually ranking
and identifying the 50th percentile value.

Determination of Relations of Surface-Water Quality to Streamflow

The processes used to determine relations between concentration and streamflow, relation
between load and streamflow, and trends in concentrations during high and low flows, are
described in this section.

Relations of concentration to streamflow

Water quality is strongly influenced by biological activity, which is seasonal; therefore,
relations between concentration and streamflow were developed by using (1) all measurements,
(2) growing-season measurements only, and (3) nongrowing-season measurements only. The
growing season in New Jersey is from April 1 through October 31; the nongrowing season is from
November 1 through March 31. The dates for the growing and nongrowing seasons were based
on the average times of the first and final frosts in New Jersey (Ruffner and Bair, 1977). All
relations take the following form:

log(CONC) = SLOPEx log(FLOW) + INT , (7)

where

log = base-10 logarithm;

CONC-= constituent concentration, in indicated units;
SLOPE-= the slope of the relation;

FLOW = streamflow, in cubic feet per second; and
INT =the intercept of the relation.

These relations were developed by using Tobit regression (Cohn, 1988), which includes
less-than values. For Tobit regression in this report, greater-than values were considered to be
uncensored. Where there were no less-than values, this method resulted in the same values of
SLOPE and INT as those calculated by ordinary least-squares regression. A goodness-of-fit value
such as the correlation coefficient is not presented; the Tobit method does not generate such a
value.

A relation of water quality to streamflow at a given station was developed only if at least
nine uncensored concentration values were available. T.A. Cohn (U.S. Geological Survey, written
commun., 1995) noted that at least nine uncensored values were needed to use the Tobit method
with two unknowns. Nine uncensored values were sometimes insufficient to calculate statistically
significant results.
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A relation using all measurements is reported only if the value of SLOPE was different
from zero at the 0.05 level of significance; otherwise, a SLOPE of “0” is reported. A “not
determined” value of SLOPE is reported if the data were insufficient to conduct the analysis. A
value of INT was calculated only if the value of SLOPE was different from zero.

Each set of seasonal relations was developed and reported by using the methods just
described if an analysis of covariance (described below) indicated that the seasonal relations were
different from one another at the 0.05 level of significance. The analysis of covariance was
conducted only if there were at least nine uncensored measurements during each season.

The analysis of covariance followed the approach in Helsel and Hirsch (1992), except that
Tobit regression was used in place of ordinary least-squares regression. The analysis determined
whether a complex model with a seasonal component was significantly better than a simple model
without a seasonal component. The simple model is given in equation 7; the complex model is
given in equation 8.

log(CONC) = [SLOPE xlog(FLOW) +INT,] +[SLOPE, x log(FLOW) +INT, x 1], (8)
where

log = base-10 logarithm;

CONC = constituent concentration, in indicated units;

FLOW = streamflow, in cubic feet per second,;

I = an index for season (I = 0 for the nongrowing season, and | = 1 for the growing
season);

SLOPE = the slope for the nongrowing season;

INT; = the intercept for the nongrowing season;

SLOPE = the difference between the growing- and nongrowing-season slopes; and

INT, = the difference between the growing- and nongrowing-season intercepts.

A test statistic different from that used by Helsel and Hirsch (1992) was calculated because
of the use of Tobit regression in the analysis of covariance (T.A. Cohn, written commun., 1995).
The value, X, was determined from the results of the simple and complex models, then compared
to the value of the chi-square distribution with 2 degrees of freedom and a 0.05 level of
significance. If the value of X equalled or exceeded the corresponding value of chi-square
distribution, the seasonal relations differed from one another in SLOPE or INT or both. Whether
SLOPE was different or INT was different was not determined. The value of X was calculated as
follows:

X = =2xIn[(LKHDg)/ (LKHD.)] )
where
X = the test statistic,
In = natural logarithm,

LKHDg = the likelihood of the simple relation, and
LKHD¢ = the likelihood of the complex relation.
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The detection level of each constituent at each station is required to conduct Tobit
regression. The detection limits for constituents with only uncensored values were determined by
considering the method of analysis and the smallest concentration measured at all stations. These
values (table 4) are either equal to the smallest less-than value or slightly less than the smallest
uncensored value measured at all stations during water years 1976-93.

Relations of load to streamflow

The relation of load to streamflow was developed by using the same procedures as those
used to develop the relation of concentration to streamflow for all measurements. Loads were not
determined for fraction of dissolved oxygen at saturation and fecal coliform bacteria. For each
constituent and station, the detection limit was set equal to the smallest uncensored load measured
at the station. The load relation takes the following form:

log(LOAD) = SLOPEXx log(FLOW) + INT, (10)
where

log = base-10 logarithm;

LOAD = constituent load, in pounds per day;
SLOPE = the slope of the relation;

FLOW = streamflow, in cubic feet per second; and
INT = the intercept of the relation.

A smoothed relation of load to streamflow is shown for a constituent at each station at
which there were 10 or more values. This relation was determined by using the SM smoothing
routine in SAS (SAS Institute, Inc., 1990, p. 416).

Trends in concentrations during low and high flows

Trends in concentrations during low and high flows were tested to determine whether the
probability distribution from which the observations come increased or decreased during water
years 1976-93. The 75-percent and 25-percent values of the flow durations were used to divide
the measurements for each station into a low- or high-flow group, respectively. Concentrations
during low flows were designated as those measured at streamflows less than or equal to the daily
mean streamflow that was exceeded 75 percent of the time; concentrations during high flows were
designated as those measured at streamflows greater than the daily mean streamflow that was
exceeded 25 percent of the time.

For both the low- and high-flow data sets, trend tests were conducted only if there was at
least one measurement in each data set consisting of not less than four of the six water years in
each one-third of the period of study (18 years). This requirement followed a recommendation
made in Helsel and Hirsch (1992) that there be no less than 20 percent of the total measurements
in each one-third of the period being tested for trends. Therefore, 12 is the minimum number of
low- or high-flow measurements used in a test. Fewer data could have been tested for trends. The
fewer the data, however, the less likely it is that the measured concentrations represent conditions
during the period tested and, therefore, the less likely that the results of the trend test are accurate.
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Table 4. Estimated detection limits for selected constituents measured in the Wallkill and upper
Delaware River Basins, New Jersey and vicinity, water years 1976-93

[mg/L, milligrams per liter; CaC@ calcium carbonate; C, carbon; Na, sodium; Cl, chloride;
%, percent; P, phosphorus; N, nitrogeg/L, micrograms per liter; B, boron; Pb, lead;
MPN/100 mL, most probable number per 100 milliliters]

Estimated

Constituent detection limit
Alkalinity, mg/L as CaCQ@ 1
Hardness, mg/L as CaGO 10
Total organic carbon, mg/L as C 2
Suspended sediment, mg/L 1
Dissolved solids, mg/L 10
Dissolved sodium, mg/L as Na 1
Dissolved chloride, mg/L as ClI 1
Dissolved oxygen, mg/L 5
Fraction of dissolved oxygen at saturation, % 5
Total phosphorus, mg/L as P .01
Total nitrogen, mg/L as N A1
Total nitrate plus nitrite, mg/L as N .05
Total nitrite, mg/L as N .002
Total ammonia plus total organic nitrogen, mg/L as N .03
Total ammonia, mg/L as N .01
Total boron, mg/L as B 10
Total lead, mg/L as Pb 1
Fecal coliform bacteria, MPN/100 mL 2
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The seasonal Kendall's tau method (Hirsch and others, 1982) was used to examine the
data for trends. For both the low- and high-flow data sets, the test was run on the median of the
measured concentrations for each water year because of variations in sampling frequency (Hirsch
and others, 1982). The test statistic, tau, was calculated from the relative sizes of the annual
median concentrations, then tested to see whether it was significantly different from zero. For this
report, atrend is indicated if the value of tau was significantly different from zero at the 0.05 level.
Seasonality was not included in the test.

A value of SLOPE is reported for constituent concentrations during either low or high
flows if a trend was indicated. The value of SLOPE is the median of the slopes of all pairs of
annual median concentrations. A SLOPE value of “0” is reported if sufficient data were available
for a trend test, but a trend was not indicated; a “not determined” value is reported if there were
insufficient data for a test. The units of SLOPE are units of concentration per yeatr.

No value is reported for the intercept of the relation showing the trend of concentration
through time. An intercept value is calculated by the trend test only for the purpose of showing
the trend in a plot.

Multiple trend tests were conducted on data sets with censored values; the censored values
were set at their minimum and maximum possible values. Two tests were conducted on data sets
with less-than values but no greater-than values—one with the less-than values set to the reporting
limit and one with the less-than values set to zero. Two tests were conducted on data sets with
greater-than values but no less-than values—one with the greater-than values set to the reporting
limit and one with the greater-than values set tb(a0value greater than all reported uncensored
values). Four tests were conducted on data sets with both less-than and greater-than values—one
with each of the permutations of the greater-than and less-than values discussed above.

For each data set with censored values, the results are reported only for the trend relation
with the least significant value for tau. Because of the uncertainty of the censored data, a
significant trend slope is reported only if a slope is determined when the censored data are set
equal to both their minimum and maximum values.

RELATIONS OF SURFACE-WATER QUALITY TO STREAMFLOW

An understanding of the relation of surface-water quality to streamflow is important for
assessment of the relative contributions of point sources, ground water, and storm runoff to
instream loads (Buxton and others, 1998). Point sources (permitted discharges) release
constituents to a stream at a relatively constant rate, independent of the receiving streamflow
conditions. Ground-water contributions to a stream are somewhat constant, although they vary
slightly with season and precipitation rate. Storm-runoff contributions to a stream are
intermittent, depending on storm intensity and frequency, and occur only during high flows.
Instream constituent concentrations are a summation of the contributions from these constant
(point source and ground water) and intermittent (storm runoff) sources.
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To describe the relation of surface-water quality to streamflow, the data analyses are
presented in three ways. First, three aspects of the relation of surface-water quality to streamflow
(concentration to streamflow, load to streamflow, and trends in concentrations during low and high
flows) are presented graphically by constituent for each station in appendixes 1-18 (on CD-ROM).
Second, the data analyses are presented by basin in the text; tables for each station list the median
concentrations, the regression slopes of concentration and load to streamflow, and the directions
of the trends in concentrations during low and high flows for all constituents along with the
AMNET impairment status at and near the station. Third, relations are presented in schematics
showing the regional trends in concentrations during low and high flows and the slopes of load to
streamflow by constituent.

Appendixes 1-18 illustrate the relations of surface-water quality to streamflow by
constituent for each station with three graphs. Figure 6 is an example page from appendix 12.
The first graph shows the relation of concentration to streamflow. Plots of concentration to
streamflow indicate how instream constituent concentrations vary with streamflow, but do not
indicate the relative contributions of constant and intermittent sources. Data for stations on
streams that drain developed areas show the most scatter, especially for inorganic constituents
such as sodium, chloride, and hardness. Relations between concentration and streamflow were
developed by using (1) all measurements, (2) only measurements collected during the growing
season, and (3) only measurements collected during the nongrowing season. Growing-season
measurements are shown with open symbols, and nongrowing-season measurements are shown
with crisscrossed symbols. Different symbols are used to show uncensored and censored values.
For each group of measurements, the number of observations and values of slope and intercept are
listed, and a regression line is shown when the slope of concentration to streamflow is different
from zero at the 0.05 significance level. A seasonal dependency is indicated when the relations of
concentration to streamflow for the growing- and nongrowing-season measurements are different.
The 75 and 25 percentiles of the flow duration also are indicated.

The second graph in figure 6 shows the relation of load to streamflow. The regression
slope of load to streamflow indicates the relative contributions of constant and intermittent
sources to the instream load. The steeper the slope, the greater the contribution during increased
streamflow from storm runoff (intermittent sources). Relations between load and streamflow
were developed using all measurements. Different symbols are used to show uncensored and
censored values. The number of observations and values of slope and intercept are shown, and a
regression line is drawn when the slope is different from zero at the 0.05 significance level. A
smoothed relation between load and streamflow is shown when there are 10 or more observations.
The 75 and 25 percentiles of the flow duration also are indicated.

The third graph in figure 6 shows the trends in concentrations during low and high flows.
Trends in constituent concentrations during high and low flows can indicate changes through time
in the contributions from intermittent and constant sources, respectively. Positive trends during
high flows indicate an increase in the storm runoff contributions through time, whereas negative
trends indicate a decrease in the storm runoff contributions. Positive trends during low flows
indicate an increase in the contributions from point sources and ground water through time,
whereas negative trends indicate a decrease in the contributions from point sources and ground
water. Measurements during low flows are shown with open symbols, and measurements during
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APPENDIX 12. Relations of constituent concentration and load to streamflow and trends in concentration with time
TOTAL NITRATE PLUS NITRITE
01367770 WALLKILL RIVER NEAR SUSSEX, N.J.
[NVALUES, number of values; LOG, base-10 logarithm; CONC, concentration in indicated units; INT, intercept; FLOW, streamflow
in cubic feet per second; NWYS, number of water years during which at least one measurement was made; a slope value of '0’
indicates that the slope is not significantly different from zero; ND, not determined; CaCO3, calcium carbonate; C, carbon;
N, nitrogen; P, phosphorus; Pb, lead; B, boron; ClI, chloride; Na, sodium; MOST PROBABLE NUMBER INDEX is per 100 milliliters]
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Figure 6. Example page from Appendix 12 of graphs showing relation of concentration to streamflow, relation of
load to streamflow, and trends in low- and high-flow concentrations for nitrate plus nitrite at a station on the
Wallkill River near Sussex, New Jersey, for water years 1976-93. (Available on CD-ROM)



high flows are shown with crisscrossed symbols. Different symbols are used to show uncensored
and censored values. The numbers of observations and water years during which at least one
measurement was made are shown for each group of measurements. Trends are indicated by
regression lines and slope values when the seasonal Kendall tau value is significant.

Analysis of Relations by Basin

Median concentrations, regression slopes of concentration and load to streamflow, and
directions of the trends in concentrations during low and high flows for each constituent are
presented in tables 5 through 22. Constituents that show seasonal dependency (the relations of
concentration to streamflow for the growing and nongrowing seasons are different) and the 1993
AMNET impairment status in the vicinity (at and within five miles upstream and downstream) of
the surface-water-quality station also are listed. Median concentrations were calculated for two
periods, the entire period of study (water years 1976-93) and the last five years of the period of
study (water years 1989-93) to provide a visual comparison of water quality to the AMNET
impairment status. In tables 5 through 22, the direction of trends in concentrations during low and
high flows are represented by +, -, 0, and NA symbols. Results of statistical tests are discussed for
each river basin. One- to four-letter abbreviations are used for each water-quality constituent
throughout the discussion. (See Conversions Factors and Abbreviated Water-Quality Units,

p. iX.)

Slopes of load to streamflow for each constituent are divided into three ranges in order to
describe the relative contributions of constant (point source and ground water) and intermittent
(storm runoff) sources to instream load. High-range slopes are greater than or equal to 75 percent
of the interval between the minimum and maximum slopes. For stations with slopes in the high
range, a larger contribution from storm runoff to instream load occurs than at other sites,
indicating an increased relative importance of nonpoint sources at these sites. Moderate-range
slopes are greater than 25 percent and less than 75 percent of the interval between the minimum
and maximum slopes. Low-range slopes are less than or equal to 25 percent of the interval
between the minimum and maximum slopes. For stations with slopes in the low range, a smaller
contribution from storm runoff to instream load occurs than at other sites, indicating an increased
relative importance of continuous sources at these sites. For constituents with large slopes of load
to streamflow (greater than 0.8), however, storm runoff is most likely the more significant
contributor to instream loads, even for stations with load slopes in the low range.

In 1992, the Bureau of Water Monitoring of the NJDEP reactivated the AMNET to
monitor benthic-macroinvertebrate populations at 457 stations in the major drainage basins in
New Jersey. The objective of this biomonitoring program is to provide long-term, basin-wide,
biological data for surface water (New Jersey Department of Environmental Protection, 1994a
and 1994b). Stations will be monitored every 5 to 6 years, a realistic temporal lag between the
cessation and recovery of a biological community from a perturbation. Biomonitoring uses
instream populations of benthic macroinvertebrates as indicators of the quality of the surface
water. Species of the instream macroinvertebrate community occupy distinct niches based on
their tolerance to environmental conditions; these communities can change as environmental
conditions change. Benthic-community biological impairment is indicated by (1) the absence of
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contaminant-sensitive macroinvertebrate taxa, (2) excessive dominance by certain taxon, (3) low
overall taxa richness, or (4) perceptible shifts in community structure relative to a reference
condition.

The NJDEP sampling techniques and biometric assessments were modified from U.S.
Environmental Protection Agency protocols to integrate community, population, and functional
parameters into one easily understood evaluation of biological integrity (New Jersey Department
of Environmental Protection, 1994a and 1994b). The integrated assessment results at each station
were given an AMNET impairment status rating of non-impaired—the benthic community is
comparable to communities found in other undisturbed streams within the region and is
characterized by a maximum taxa richness, balanced taxa groups, and good representation of
intolerant individuals; moderately impaired—the macroinvertebrate richness and community
balance are reduced and intolerant taxa are absent because of taxa composition changes; or
severely impaired—the benthic community has dramatically changed and macroinvertebrates are
dominated by a few tolerant taxa. When used together with chemical and physical monitoring,
benthic macroinvertebrate monitoring is a good indicator of stream quality and possible sources
of impairment.

Wallkill River Basin

The Wallkill River Basin has four water-quality stations (tables 5a and b through 8a and
b), two on the Wallkill River and one each on Papakating and Black Creeks.

Wallkill River

The two water-quality stations on the Wallkill River are station 01367770 near Sussex and
station 01368000 near Unionville, New York. Comparisons of the 5-year and period-of-record
medians at each station show slight to moderate differences (tables 5a and 6a). The largest
differences are for TP, NH4, and BACT at station 01367770 and for NH4 and PB at station
01368000. DO, FDO, NO32, and BACT show seasonal dependency at both stations, as do ALK,
TOC, NA, and CL at station 01367770 and NH4 at station 01368000. The regression slopes of
load to streamflow for SS, DS, CL, TP, TN, NO32, and TAON at station 01367770 and TOC, SS,
and TAON at station 01368000 are in the low range. The regression slopes of load to streamflow
are smaller for TN and NO32 at the upstream station (01367770) and for SS at the downstream
station (01368000) than those at any other station in the study area. In the downstream direction
(stations 01367770 to 01368000), the regression slopes of load to streamflow decrease for SS and
PB and increase for DS, NA, CL, TP, TN, NO32, and TAON.

At station 01367770, trends in concentrations during low flows are positive for NA, CL,
TN, and NO32, and insignificant for HARD, TOC, DS, TAON, and BACT. At station 01368000,
trends in concentrations during low flows are positive for NO32 and BACT; negative for NH4;
and insignificant for DO, FDO, TN, NO2, and TAON. Insufficient data are available to determine
trends during low flows for all other constituents. At station 01367770, the trend in
concentrations during high flows is positive for NA, CL, and NO32 and insignificant for HARD,
TOC, DS, DO, FDO, TP, TN, TAON, NH4, and BACT. Insufficient data are available to
determine trends during high flows for all other constituents at station 01367770 and for all
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Table 5a. Median concentrations, relations of concentration and load to streamflow, and directions of concentration trends for selected water-
quality constituents at water-quality station 01367770, Wallkill River near Sussex, N.J.

[Number in parenthesis is the number of available data values; WY, water years; mg/L, milligrams per litgr,c@m{L@ carbonate; C,

carbon; Na, sodium, ClI, chloride; %, percent; P, phosphorus; N, nitpagén;micrograms per liter; B, boron; Pb, lead; MPN/100 mL, most
probable number per 100 milliliters. Regression slopes and trend directions are zero when the slope is not different from zero at the 0.05
significance level; *, indicates seasonal dependency (the slope and (or) intercept of growing (April through October) and non-growing (November
through March) season data were different at the 0.05 significance level); +, a positive trend direction; -, a negative trend direction; NA,
insufficient data for analysis; ND, undetermined value]

1989-93 WY 1976-93 WY
Regression Regression Low- High-
Constituent Median _ Median _ slope qf slope of flow flow
concentration concentration  concentration to load to trend trend
streamflow streamflow direction direction
Alkalinity, mg/L as CaCQ 146 (26) 142 (72) -0.276  * 0.724 NA NA
Hardness, mg/L as CaGO 175 (25) 176 (201) -.280 .720 0 0
Total organic carbon, mg/L as C 3.8 27) 44 (101) 0 * 1.018 0 0
Suspended sediment, mg/L 9 (10) 9 (21) 0 1.034 NA NA
Dissolved solids, mg/L 250 (25) 252 (99) -.244 .756 0 0
Dissolved sodium, mg/L as Na 23 (25) 20 (101) -189 * .811 + +
Dissolved chloride, mg/L as Cl 44 (26) 36  (103) -221 ¢ 778 + +
Dissolved oxygen, mg/L 9.7 (26) 9.7 (103) 122+ 1.122 NA 0
Fraction of dissolved oxygen at 91 (23) 91 (98) 0 * ND NA 0
saturation, %
Total phosphorus, mg/L as P .03 (24) .05 (91) -.483 .516 NA 0
Total nitrogen, mg/L as N 1.4 27) 1.3 (88) -.387 .613 + 0
Total nitrate plus nitrite, mg/L as N .88 (27) 71 (91) -547 * .452 + +
Total nitrite, mg/L as N .011 (27) .011 (82) -.270 .730 NA NA
Total ammonia plus organic nitrogen, A48 (27) .60 (99) 0 .961 0 0
mg/L as N
Total ammonia, mg/L as N .05 (27) .08 (90) 0 .905 NA 0
Total boronjg/L as B 20 (6) 20 a7) 0 .547 NA NA
Total lead ug/L as Pb 2 (6) 2 a7 0 1.027 NA NA
Fecal coliform bacteria, MPN/100 ml 230 (25) 330 (201) 0 * ND 0 0

Table 5b. 1993 AMNET impairment status in the vicinity of water-quality station 01367770, Wallkill River near Sussex, N.J.

[AMNET, Ambient Biomonitoring Network; WQ, water-quality. Upstream from WQ station is within 5 miles upstream from the WQ station; at
WQ-station location is within 0.5 miles upstream or downstream from the WQ station; downstream from WQ station is within 5 miles
downstream from the WQ station; ND, undetermined impairment status]

Upstream from WQ station At WQ-station location Downstream from WQ station
AMNET station ANO0300 ANO0302 None
Impairment status Non-impaired Non-impaired ND
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Table 6a. Median concentrations, relations of concentration and load to streamflow, and directions of concentration trends for selected water-
quality constituents at water-quality station 01368000, Wallkill River near Unionville, N.Y.

[Number in parenthesis is the number of available data values; WY, water years; mg/L, milligrams per litgr,c@m{L@ carbonate; C,

carbon; Na, sodium, ClI, chloride; %, percent; P, phosphorus; N, nitpagén;micrograms per liter; B, boron; Pb, lead; MPN/100 mL, most
probable number per 100 milliliters. Regression slopes and trend directions are zero when the slope is not different from zero at the 0.05
significance level; *, indicates seasonal dependency (the slope and (or) intercept of growing (April through October) and non-growing (November
through March) season data were different at the 0.05 significance level); +, a positive trend direction; -, a negative trend direction; NA,
insufficient data for analysis; ND, undetermined value]

1989-93 WY 1976-93 WY
Regression Regression Low- High-
Constituent Median _ Median _ slope qf slope of flow flow
concentration concentration  concentration to load to trend trend
streamflow streamflow direction direction
Alkalinity, mg/L as CaCQ 110 (11) 110 (11) -0.256 0.744 NA NA
Hardness, mg/L as CaGO 142 (23) 140 (60) -.243 757 NA NA
Total organic carbon, mg/L as C 4.8 (12) 5.9 (31) 0 .940 NA NA
Suspended sediment, mg/L 13 (12) 12 (12) 0 .851 NA NA
Dissolved solids, mg/L 226 9) 205 (29) =172 .828 NA NA
Dissolved sodium, mg/L as Na 20 (23) 16 (60) -.148 .852 NA NA
Dissolved chloride, mg/L as CI 38 (24) 29 (61) -.138 .862 NA NA
Dissolved oxygen, mg/L 9.4 (20) 8.6 (101) 104 ¢ 1.104 0 NA
Fraction of dissolved oxygen at 86 (20) 83 (200) 0 * ND 0 NA
saturation, %
Total phosphorus, mg/L as P .06 (21) .06 (55) -.249 .750 NA NA
Total nitrogen, mg/L as N 1.6 (22) 15 (81) 0 .945 0 NA
Total nitrate plus nitrite, mg/L as N 93 (21) 74 (82) 0 * .966 + NA
Total nitrite, mg/L as N .018 (21) .016 (84) -.141 .859 0 NA
Total ammonia plus organic nitrogen, .62 (21) .66 (102) 0 1.059 0 NA
mg/L as N
Total ammonia, mg/L as N .08 (21) 12 (80) 0 * .905 - NA
Total boronug/L as B 20 (4) 20 (5) ND ND NA NA
Total lead ug/L as Pb 2 @) 8 (40) 0 .809 NA NA
Fecal coliform bacteria, MPN/100 ml 270 (22) 230 (202) 0 * ND + NA

Table 6b. 1993 AMNET impairment status in the vicinity of water-quality station 01368000, Wallkill River near Unionville, N.Y.

[AMNET, Ambient Biomonitoring Network; WQ, water-quality. Upstream from WQ station is within 5 miles upstream from the WQ station; at
WQ-station location is within 0.5 miles upstream or downstream from the WQ station; downstream from WQ station is within 5 miles
downstream from the WQ station; ND, undetermined impairment status]

Upstream from WQ station At WQ-station location Downstream from WQ station
AMNET station None None None
Impairment status ND ND ND
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constituents at station 01368000. The AMNET impairment status upstream from and at station
01367770 is non-impaired (table 5b). No AMNET stations are in the vicinity of station 01368000
(table 6b).

Papakating Creek

For the one water-quality station on the Papakating Creek, station 01367910 at Sussex, the
5-year and period-of-record medians differ only slightly for all constituents (table 7a). The
largest variation is for BACT. The period-of-record medians for SS and NH4 are larger at this
station than at any other station in the study area. The regression slopes of concentration to
streamflow for ALK, HARD, TOC, DS, CL, DO, FDO, TP, TN, NO32, NO2, and BACT show
seasonal dependency. The regression slopes of load to streamflow are in the low range for TOC,
SS, NO2, TAON, NH4, PB, and B and in the high range for DO. The slopes are smaller for TOC,
NO2, TAON, B, and PB and larger for DO than those at other stations in the study area.

Insufficient data are available for all constituents at station 01367910 for analysis of trends
during low flows. Trends in concentrations during high flows are positive for NA and CL and
insignificant for HARD, TOC, DO, FDO, TAON, and BACT. For all other constituents,
insufficient data are available to determine trends during high flows. The AMNET impairment
status upstream from station 01367910 is non-impaired (table 7b).

Black Creek

For the one water-quality station on the Black Creek, station 01368950 near Vernon, the
5-year and period-of-record medians differ only slightly for all constituents (table 8a). The
largest variations are for NH4 and BACT. The period-of-record medians are larger for HARD,
DS, NA, and CL and smaller for DO and FDO than those at any other station in the study area.
The regression slopes of concentration to streamflow for ALK, HARD, TOC, DS, NA, DO,
NO32, NO2, and BACT show seasonal dependency. The regression slopes of load to streamflow
are in the low range for TOC, SS, CL, NO2, TAON, NH4, and PB and in the high range for ALK.
Slope values for NH4 and PB are smaller than those at other stations in the study area.

The trends in concentrations during low flows at station 01368950 were positive for FDO
and insignificant for HARD, TOC, DS, NA, CL, DO, TN, NO32, TAON, NH4, and BACT; for all
other constituents, insufficient data are available to determine low-flow trends. The trends during
high flows were negative for TAON and insignificant for HARD, TOC, DS, NA, CL, DO, FD, and
BACT. For all other constituents, insufficient data are available to determine high-flow trends.
No AMNET stations are in the vicinity of station 01368950 (table 8b).

Upper Delaware River Basin

The upper Delaware River Basin has 14 water-quality stations (tables 9a and b through
22a and b) on the upper Delaware River, Flat Brook, Paulins Kill, Pequest River, Pohatcong
Creek, and Musconetcong River.
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Table 7a. Median concentrations, relations of concentration and load to streamflow, and directions of concentration trends for selected water-
quality constituents at water-quality station 01367910, Papakating Creek at Sussex, N.Y.

[Number in parenthesis is the number of available data values; WY, water years; mg/L, milligrams per litgr,c@m{L@ carbonate; C,

carbon; Na, sodium, ClI, chloride; %, percent; P, phosphorus; N, nitpagén;micrograms per liter; B, boron; Pb, lead; MPN/100 mL, most
probable number per 100 milliliters. Regression slopes and trend directions are zero when the slope is not different from zero at the 0.05
significance level; *, indicates seasonal dependency (the slope and (or) intercept of growing (April through October) and non-growing (November
through March) season data were different at the 0.05 significance level); +, a positive trend direction; -, a negative trend direction; NA,
insufficient data for analysis; ND, undetermined value]

1989-93 WY 1976-93 WY
Regression Regression Low- High-
Constituent Median_ Median _ slope of _ slope of flow flow
concentration concentration concentration to load to trend trend
streamflow streamflow  direction  direction

Alkalinity, mg/L as CaCQ 56 (27) 56 (74) -0.354 * 0.646 NA NA
Hardness, mg/L as CaGO 81 27) 84 (104) -257 % 743 NA 0
Total organic carbon, mg/L as C 4.8 (26) 5.0 (102) 0 * .926 NA 0
Suspended sediment, mg/L 23 (11) 23 (21) 0 .894 NA NA
Dissolved solids, mg/L 142 (26) 151 (102) -.186 * .814 NA NA
Dissolved sodium, mg/L as Na 14 (27) 13 (104) -.123 877 NA +
Dissolved chloride, mg/L as CI 25 27) 24 (105) -104 * .896 NA +
Dissolved oxygen, mg/L 86 (27) 8.3 (102) 226 * 1.226 NA 0
Fraction of dissolved oxygen at 84 (26) 81 (100) 110 ¢ ND NA 0
saturation, %
Total phosphorus, mg/L as P .08 (26) .09 (70) -404  * .596 NA NA
Total nitrogen, mg/L as N 1.6 (26) 1.6 (88) -145 * .855 NA NA
Total nitrate plus nitrite, mg/L as N 94  (26) .85 (89) 0 * .997 NA NA
Total nitrite, mg/L as N 020 (27) 025 (83) -686  * 313 NA NA
Total ammonia plus organic nitrogen, g1 (27) 77 (101) -.202 .798 NA 0
mg/L as N
Total ammonia, mg/L as N A7 (27) A7 (91) 0 .802 NA NA
Total boronug/L as B 20 (5) 20 (29) -.617 0 NA NA
Total lead ug/L as Pb 3 4 4 a7) 0 0 NA NA
Fecal coliform bacteria, MPN/100 mi 1,300 (25) 790 (101) -582 * ND NA 0

Table 7b. 1993 AMNET impairment status in the vicinity of water-quality station 01367910, Papakating Creek at Sussex, N.Y.

[AMNET, Ambient Biomonitoring Network; WQ, water-quality. Upstream from WQ station is within 5 miles upstream from the WQ station; at
WQ-station location is within 0.5 miles upstream or downstream from the WQ station; downstream from WQ station is within 5 miles
downstream from the WQ station; ND, undetermined impairment status]

Upstream from WQ station At WQ-station location Downstream from WQ station
AMNET station ANO0307 None None
Impairment status Non-impaired ND ND
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Table 8a. Median concentrations, relations of concentration and load to streamflow, and directions of concentration trends for selected water-
quality constituents at water-quality station 01368950, Black Creek near Vernon, N.J.

[Number in parenthesis is the number of available data values; WY, water years; mg/L, milligrams per litgr,c@m{L@ carbonate; C,

carbon; Na, sodium, ClI, chloride; %, percent; P, phosphorus; N, nitpagén;micrograms per liter; B, boron; Pb, lead; MPN/100 mL, most
probable number per 100 milliliters. Regression slopes and trend directions are zero when the slope is not different from zero at the 0.05
significance level; *, indicates seasonal dependency (the slope and (or) intercept of growing (April through October) and non-growing (November
through March) season data were different at the 0.05 significance level); +, a positive trend direction; -, a negative trend direction; NA,
insufficient data for analysis; ND, undetermined value]

1989-93 WY 1976-93 WY
Regression Regression Low- High-
Constituent Median _ Median _ slope qf slope of flow flow
concentration concentration  concentration to load to trend trend
streamflow streamflow direction direction
Alkalinity, mg/L as CaCQ 190 (27) 189 (71) -0.168  * 0.832 NA NA
Hardness, mg/L as CaGO 212 (27) 220 (99) -183 * .817 0 0
Total organic carbon, mg/L as C 5.0 (26) 5.3 (98) 0 * .968 0 0
Suspended sediment, mg/L 11 (12) 11 (20) 0 .948 NA NA
Dissolved solids, mg/L 302 27) 318 (99) -209 * .790 0 0
Dissolved sodium, mg/L as Na 29 27) 29 (99) -249 * .750 0 0
Dissolved chloride, mg/L as CI 56 (27) 54 (100) -.247 .752 0 0
Dissolved oxygen, mg/L 8.7 (27) 7.9 (100) 144 * 1.143 0 0
Fraction of dissolved oxygen at 82 27) 75 (99) 0 ND + 0
saturation, %
Total phosphorus, mg/L as P .04 (27) .05 (71) -.323 .676 NA NA
Total nitrogen, mg/L as N 1.3 27) 1.3 (89) -.161 .839 0 NA
Total nitrate plus nitrite, mg/L as N .60 (27) 72 (92) 0 * .848 0 NA
Total nitrite, mg/L as N .015 (27) .019 (85) -597 * 402 NA NA
Total ammonia plus organic nitrogen, 59 (27) .67  (98) -.143 .817 0 -
mg/L as N
Total ammonia, mg/L as N .07  (27) A1 (92) 0 767 0 NA
Total boronug/L as B 20 (6) 20 (15) 0 .733 NA NA
Total lead ug/L as Pb 1 (6) 2 (16) 0 0 NA NA
Fecal coliform bacteria, MPN/100 ml 490 (25) 250 (98) -567 * ND 0 0

Table 8b. 1993 AMNET impairment status in the vicinity of water-quality station 01368950, Black Creek near Vernon, N.J.

[AMNET, Ambient Biomonitoring Network; WQ, water-quality. Upstream from WQ station is within 5 miles upstream from the WQ station; at
WQ-station location is within 0.5 miles upstream or downstream from the WQ station; downstream from WQ station is within 5 miles
downstream from the WQ station; ND, undetermined impairment status]

Upstream from WQ station At WQ-station location Downstream from WQ station
AMNET station None None None
Impairment status ND ND ND
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Upper Delaware River

Six water-quality stations are located on the upper Delaware River from Montague to
Trenton—stations 01438500 at Montague; 01443000 at Portland, Pennsylvania; 01447000 at
Northampton Street, at Easton, Pennsylvania; 01457500 at Riegelsville; 01461000 at
Lumberville; and 01463500 at Trenton. The 5-year and period-of-record medians at each station
differ only slightly for all constituents (tables 9a through 14a). The greatest differences are in
NH4 and PB at station 01438500; in SS, PB, and BACT at station 01443000; in SS and PB at
station 01447000; in NH4, PB, and BACT at station 01457500; and in NH4, B, and BACT at
station 01461000. Period-of-record medians for ALK, HARD, SS, DS, NA, CL, and BACT at
station 01438500; for TOC, B, and BACT at station 01443000; for NH4 at station 01447000; and
for BACT at station 01463500 are the largest for these constituents at all stations in the study area.
The period-of-record median for PB at station 01457500 is the largest for this constituent at all
stations in the study area.

The regression slope of concentration to streamflow shows seasonal dependency for DO,
TN, NO32, and BACT at station 01438500; for HARD, TOC, DS, NA, CL, DO, NO32, and
TAON at station 01443000; for TOC, NA, CL, DO, FDO, and NO32 at station 01447000; for DO,
TP, NO32, NO2, and NH4 at station 01457500; for NA, CL, DO, and NO32 at station 01461000;
and for ALK, SS, NA, CL, DO, TP, NO32, and NH4 at station 01463500.

The regression slopes of load to streamflow are in the low range for ALK and NH4 at
station 01438500; for NH4 at station 01443000; for PB at station 01447000; for HARD, DS, NA,
CL, TP, NO2, NH4, and PB at station 01457500; for ALK, HARD, DS, NA, CL, and NO2 at
station 01461000; and for HARD, DS, NA, CL, and DO at station 10463500. The load-to-
streamflow slopes are in the high range for HARD, TOC, SS, DS, TP, TN, NO2, TAON, and PB at
station 01438500; for SS, DS, TN, NO32, and PB at station 01443000; for SS at station
01447000; for ALK, TOC, and SS at station 01457500; for SS, B, and PB at station 01461000;
and for TOC, TAON, NH4, and PB at station 01463500. The slopes of load to streamflow for
ALK at station 01438500; for PB at station 01447000; for NA, CL, TP, and PB at station
01457500; and for HARD and DS at station 01461000 are the smallest and for TOC, DS, TP, and
TAON at station 01438500 and NH4 at station 01463500 are the largest for these constituents at
all stations in the study area. In the downstream direction (station 01438500 to 01443000 to
01447000 to 01457500 to 01461000 to 01463500), the regression slopes of load to streamflow
increase for HARD and NH4 and decrease for DS, NA, CI, and NO32.

At station 01438500, trends in concentrations during low flows are positive for NA;
negative for TAON; and insignificant for HARD, CL, DO, FDO, TN, NO32, NH4, and BACT. At
stations 01443000 and 01447000, trends in concentrations during low flows are positive for NA
and CL and insignificant for HARD, TOC, DS, DO, FDO, TN, NO32, TAON, NH4, and BACT.
For all constituents at station 01457500, insufficient data are available to determine trends in
concentrations during low flows. At station 01461000, trends in concentrations during low flows
are positive for CL; negative for DS, TN, and TAON; and insignificant for HARD, TOC, NA, DO,
FDO, NO32, and BACT. At station 01463500, trends during low flows are positive for NA
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Table 9a. Median concentrations, relations of concentration and load to streamflow, and directions of concentration trends for selected water-
quality constituents at water-quality station 01438500, Delaware River at Montague, N.J.

[Number in parenthesis is the number of available data values; WY, water years; mg/L, milligrams per litgr,c@m{L@ carbonate; C,

carbon; Na, sodium, ClI, chloride; %, percent; P, phosphorus; N, nitpagén;micrograms per liter; B, boron; Pb, lead; MPN/100 mL, most
probable number per 100 milliliters. Regression slopes and trend directions are zero when the slope is not different from zero at the 0.05
significance level; *, indicates seasonal dependency (the slope and (or) intercept of growing (April through October) and non-growing (November
through March) season data were different at the 0.05 significance level); +, a positive trend direction; -, a negative trend direction; NA,
insufficient data for analysis; ND, undetermined value]

1989-93 WY 1976-93 WY
Regression Regression Low- High-
Constituent Median _ Median _ slope qf slope of flow flow
concentration concentration  concentration to load to trend trend
streamflow streamflow direction direction
Alkalinity, mg/L as CaCQ 16 (11) 16 (11) -0.499 0.501 NA NA
Hardness, mg/L as CaGO 27 (12) 24 (54) -.144 .855 0 NA
Total organic carbon, mg/L as C 2.8 (12) 3.6 (31) .244 1.244 NA NA
Suspended sediment, mg/L 1 (12) 1 (14) 1.352 2.352 NA NA
Dissolved solids, mg/L 51 (11) 48 (32) -.073 .926 NA NA
Dissolved sodium, mg/L as Na 6 12) 4 (59) -.155 .845 + NA
Dissolved chloride, mg/L as CI 10 (23) 6 (62) -.194 .806 0 NA
Dissolved oxygen, mg/L 10.8  (21) 106 (93) 125 % 1.125 0 NA
Fraction of dissolved oxygen at 96 (22) 97 (90) 0 ND 0 NA
saturation, %
Total phosphorus, mg/L as P .03 (21) .03 (54) 0 1.130 NA NA
Total nitrogen, mg/L as N .6 (22) 7 (78) 0 * 1.080 0 NA
Total nitrate plus nitrite, mg/L as N 34 (21) 30 (79) 0 * 1.139 0 NA
Total nitrite, mg/L as N .006 (21) .006 (77) 0 .960 NA NA
Total ammonia plus organic nitrogen, 29 (21) 40 (95) .209 1.209 - NA
mg/L as N
Total ammonia, mg/L as N .02 (21) .06 (76) 0 .854 0 NA
Total boronug/L as B 10 3) 10 3) ND ND NA NA
Total lead ug/L as Pb 2 (5) 8 (36) 0 1.316 NA NA
Fecal coliform bacteria, MPN/100 mi 14 (22) 20 (91) 621 * ND 0 NA

Table 9b. 1993 AMNET impairment status in the vicinity of water-quality station 01438500, Delaware River at Montague, N.J.

[AMNET, Ambient Biomonitoring Network; WQ, water-quality. Upstream from WQ station is within 5 miles upstream from the WQ station; at
WQ-station location is within 0.5 miles upstream or downstream from the WQ station; downstream from WQ station is within 5 miles
downstream from the WQ station; ND, undetermined impairment status]

Upstream from WQ station At WQ-station loca