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ASSOCIATIONS BETWEEN WATER-QUALITY TRENDS IN NEW JERSEY
STREAMS AND DRAINAGE-BASIN CHARACTERISTICS, 1975-86

By Keith W. Robinson, Timothy R. Lazaro, and Connie Pak
ABSTRACT

Trends in the concentrations of 13 chemical constituents and 2 physical properties
measured during 1975-86 at 60 stream-monitoring stations in New Jersey were analyzed for
statistical association with drainage-basin characteristics. Basin characteristics assessed for the
60 drainage basins corresponding to the stream-monitoring stations included dominant land use,
population, effluent discharge, road salting, fertilizer application, and estimates of soil erosion
and irrigated land.

Trends in many constituents and properties were statistically associated (p < 0.10) with
the dominant land use in the drainage basin, an indication that land use has a strong effect on
water-quality trends in New Jersey. Urbanized basins were associated with increasing pH and
increasing concentrations of dissolved sodium, magnesium, and chloride. Upward trends in
concentrations of fecal streptococcus bacteria and total ammonia were most common in basins
dominated by agricultural land use. Dominant land use nearest the monitoring station tended to
be more strongly associated with the water-quality trends than was aggregate land use for the
entire basin.

Effluent discharge from wastewater-treatment facilities also appears to have strongly
affected water-quality trends in New Jersey drainage basins. Upward trends in pH and in
concentrations of many dissolved ions were commonly found in basins having the greatest
amounts of effluent discharged to streams. In addition, upward trends in concentrations of
dissolved oxygen were detected in drainage basins where effluent was discharged primarily
from nonmunicipal wastewater-treatment facilitics rather than from municipal wastewater-
treatment facilities. Trends in biochemical oxygen demand and nutrients showed little
association with the amount of effluent discharged to streams.

Trends in concentrations of some dissolved ions, especially sodium and chloride, were
strongly associated with the application rates of road-deicing salts. These associations explain
the upward trends in concentrations of dissolved sodium and dissolved chloride commonly
found in New Jersey streams. Dissolved-magnesium trends were associated with many drainage-
basin characteristics; together these associations indicate storm runoff as a primary contributor
of magnesium to streams.

Noteworthy is the abscnce of statistical associations between the trends in concentrations
of nutrients and most measures describing drainage-basin activities. The nearly significant
association detected between total phosphorus trends and cropland soil-erosion rates, together
with the associations found between total ammonia trends and agricultural land use, seem to
indicate that nonpoint sources may be more of an influence on these constituents than effluent
discharge.



No spatial patterns were found in the trends for most water-quality constituents and
properties; rather, the trends tended to occur uniformly across the State. An exception was the
frequent occurrence of dissolved sodium trends in the northern one-half of New Jersey. In
addition, the water-quality trends had little association with the seasons of the year or with
changes in strcamflow at the time of sampling.

Many of the associations identified in this report match those reported in national studies
by previous investigators. However, information describing atmospheric deposition and various
other nonpoint sources that have been associated with national water-quality trends were
unavailable for the drainage basins discussed in this report.

INTRODUCTION

Federal and State programs designed to monitor and assess the quality of the Nation’s
waters increased in the 1970’s and 1980’s after the enactment of Federal and State clean-water
laws. Many of these monitoring programs were intended to assess long-term trends in, and the
effects of human activities on, water quality. In New Jersey, routine, statewide water-quality-
monitoring programs have been in place since the mid-1970s.

Also in the 1970’s and 1980°s, many new Federal and state programs were developed to
manage wastes entering surface and ground waters. The control and treatment of wastes to the
Nation’s rivers, lakes, estuaries, and oceans is estimated to have cost more than $406 billion
from 1972 through 1986 (U.S. Environmental Protection Agency, 1990a). In New Jersey alone,
an estimated $2.2 billion in Federal and State grants and loans was spent in this same period for
new and upgraded public wastewater-treatment facilities (New Jersey Department of
Environmental Protection, 1988). This latter cost for New Jersey does not include monies spent
by commercial and industrial wastewater- treatment facilities, nor does it include funds spent by
county and municipal governments.

In the 1980°s, some studies were done to assess changes in surface-water quality
resulting from water-pollution-control efforts. Smith and others (1987a, 1987b) examined two
nationwide monitoring programs for time-series trends in water-quality data, and they attempted
to cxplain the trends in relation to upstream basin characteristics and human activities. In an
effort to determine if the regional trends in surface-water-quality data found by Smith and others
(1987a, 1987b) could be detected in smaller areas, Hay and Campbell (1990) analyzed surface-
water-quality trends in New Jersey among data collected in water years (WY) 1976-86! by the
U.S. Geological Survey and the State of New Jersey. Hay and Campbell (1990) detected
numerous water-quality trends, but did not evaluate factors that contribute to the occurrence of
those trends.

UIn this report, water year refers to the 12-month period October 1 through September 30. The
water year is designated by the calendar year in which it ends; thus, the period October 1, 1975,
through September 30, 1986, is referred to as “WY 1976-86.” All water years are noted “WY”;
years not preceded by this notation are calendar years.















Physiography, Geology, and Hydrology

New Jersey encompasses parts of four major physiographic provinces: Valley and
Ridge, Highlands, Piedmont, and Coastal Plain (fig. 1) (Ayers and Pustay, 1988). The Coastal
Plain and Piedmont provinces are separated by the Fall Line. The topographic, hydrologic, and
geologic characteristics of the Coastal Plain are notably different from those of the northern
three provinces. The State’s surface drainage has been divided into five hydrologic-accounting
areas by Seaber and others (1987): Upper Hudson, Lower Hudson, New Jersey Atlantic
Coastal, Upper Delaware, and Lower Delaware (fig. 1).

The Coastal Plain is the largest physiographic province in New Jersey, comprising about
55 percent of the State’s area. The geology of the Coastal Plain is typically unconsolidated sand,
gravel, silt, and clay that thickens south and east of the Fall Line. The materials in the Coastal
Plain are primarily marine sediments from the Cretaceous period, and they form extensive
aquifers that are the primary source of water for public, commercial, and domestic purposes.
Topographically, the Coastal Plain has low relief throughout. As much as 90 percent of the
surface water in the Coastal Plain originates from ground-water sources. Ground water and
surface water of the Coastal Plain tend to be acidic, have moderate to high noncarbonate
hardness, and have low buffering capacity.

North of the Fall Line, the topography changes and land-surface elevation increases with
latitude. The Piedmont Province is underlain by shale and sandstone; the Highlands Province by
crystalline rocks such as gneiss, marble, and quartzite; and the Valley and Ridge Province by
sedimentary units that include limestones. Where glaciation has occurred, glacial sand and
gravel have filled the valleys. The quality of ground water and surface water north of the Fall
Line is highly variable in quality because of the geologic variety of the three physiographic
provinces.

The Upper Hudson drainage in New Jersey, as defined by Seaber and others (1987),
includes the Wallkill River and its tributaries. These streams flow north into New York after
draining 203 mi” of New Jersey (New Jersey Department of Environmental Protection, 1988).
All these streams are in the Valley and Ridge Province. The Lower Hudson drainage includes
much of northern and central New Jersey. This area contains the densely populated and
industrialized sections of the State that are associated with the New York Metropolitan area. The
Raritan River Basin is the largest basin (1,100 mi?) that is entirely within the State (New Jersey
Department of Environmental Protection, 1988). Major tributaries to the Raritan River are the
North Branch Raritan River, the South Branch Raritan River, the Millstone River, and the South
River. The Raritan River Basin drains parts of all four physiographic provinces in the State. The
Passaic River Basin drains 919 mi? of northeastern New Jersey, including parts of the Piedmont
and Highlands Provinces (New Jersey Department of Environmental Protection, 1988). Its major
tributaries are the Pompton River, the Rockaway River, and the Saddle River. The Hackensack
River Basin, originating in New York, drains 202 mi? of the Piedmont Province in the northeast
corner of New Jersey (New Jersey Department of Environmental Protection, 1988).



The New Jersey Atlantic Coastal drainage includes the eastern half of southern New
Jersey. The drainage area is fully within the Coastal Plain Province and consists of many
streams that flow east to tidal bays and the Atlantic Ocean. A mixture of population centers,
woodlands, and agricultural lands are found in the Atlantic Coastal drainage. Major streams and
their drainage basins include the Toms (192 mi%), Mullica (569 mi%), and Great Egg Harbor
(347 mi?) Rivers (Velnich, 1984).

The western part of New Jersey drains to the Delaware River Basin. The Upper
Delaware River drainage area includes all Delaware River drainage from Trenton north and
transects all four physiographic provinces in the State. Major tributaries to the Delaware River
in this drainage area are Paulins Kill (177 miz), the Pequest River (157 miz), and the
Musconetcong River (156 miz) (Velnich, 1982). The Lower Delaware drainage area includes all
Delaware River and Bay drainage south of Trenton. The Lower Delaware drainage is entirely
within the Coastal Plain Province. Major streams in the Lower Delaware include Crosswicks
Creek (144 miz), Rancocas Creek (340 mi?), the Salem River (117 mi?), and the Maurice River
(382 mi?) (Velnich, 1982). Much of the land use in the Delaware River Basin in New Jersey is
farmland and woodland, but major population centers are found at Trenton and Camden.

Climate

Variation in the distribution of precipitation across the State reflects differences in
terrain. Average annual precipitation in New Jersey statewide is 44 in.; annual precipitation
ranges from 40 in. in the south to 52 in. in the northern mountains (Bauersfeld and others, 1991).
Precipitation falls fairly uniformly throughout the year, although the interior of the State tends to
receive the greatest amounts in the summer from thunderstorms. Annual snowfall is highly
variable, ranging from 13 to 50 in. in the extreme southern and northern parts of the State,
respectively.

January is typically the coldest month of the year in New Jersey. Average temperatures
range from 33°F in the south to 25°F in the north (Ludlum, 1983). The warmest month usually
is July. During July, average temperatures in New Jersey range from 70°F in the north to 76°F
in the southwest.

During 1975-86, precipitation in New Jersey was highly variable in comparison to long-
term averages. [t was above normal during 1972-75 but well below normal during 1976-77.
Lack of precipitation resulted in streamflows during 1976-77 that approached those during the
drought of record in the mid-1960’s. Precipitation and streamflows recovered in 1978 and 1979
to near and above normal; however, 1980 and 1981 were again years of reduced precipitation
and strcamflows across the State. A drought emergency was declared for the State from fall
1980 to fall 1981. During 1982-84, prccipitation and streamflows were normal to above normal.
Reduced precipitation, especially in the southern part of the State, occurred in the final 2 years
of the period.



Previous Investiggfi

In the 1980’s, there was much public and government interest in quantifying
improvements in surface-water quality that resulted from national legislation in the 1970’s
aimed at reducing waste discharges to streams. The Association of State and Interstate Water
Pollution Control Administrators (ASIWPCA)(1984) did a nationwide survey of state and
interstate water- pollution-control agencies in order to qualitatively identify changes in water
quality during 1972-82. Streamwater-quality data and professional opinion were the basis for the
conclusions presented in the surveys. After compiling the surveys, ASWIPCA (1984) reported
that 13 percent of the stream miles assessed nationwide had improved, whereas 3 percent had
declined in quality. Using the same methodology for assessment of New Jersey surface waters,
the New Jersey Department of Environmental Protection (NJDEP) (1984) noted a general
improvement in water quality statewide as a result of improved wastewater treatment at
municipal and industrial wastewater-treatment facilities.

Also in the early 1980’s, new applications of statistical methods had been developed that
allowed for improved analysis of time-series trends in water-quality data (Hirsch and others,
1982; Hirsch and Slack, 1984; Crawford and others, 1983; van Belle and Hughes, 1984). All
these studies promoted the use of the Seasonal Kendall test for detecting trends in water-quality
data. This test, a modification of the nonparametric Kendall’s tau test, adjusts for the serial
correlation of data that results from seasonal variations in water-quality data. Hirsch and others
(1982) and Crawford and others (1983) also incorporated regression-analysis techniques for
eliminating the detection of water-quality trends resulting from changes in streamflow; this
process is termed flow adjustment.

Smith and others (1987a, 1987b) did trend analysis of water-quality data collected at
more than 300 stream-monitoring stations nationwide using the Seasonal Kendall test and flow
adjustment. They found widespread increases in concentrations of nitrate, chloride, arsenic, and
cadmium; and decreases in concentrations of fecal coliform and fecal streptococcus bacteria and
lead from October 1974 through October 1981. Trends in concentrations of suspended solids,
phosphorus, and nitrate all exhibited distinct regional patterns.

Smith and others (1987a, 1987b) also identified statistical associations between the
detected water-quality trends and various measures of upstream basin characteristics and human
activities. They found that improvements in municipal wastewater treatment, declines in leaded-
gasoline use, increased use of road-deicing materials, increased fertilizer-application rates, and
increased combustion of fossil fuels all appear to be associated with the trends of selected
constituents and properties. Possible causes of most localized or regional trends could not be
determined because of the large scale of their study.

Lettenmaier and others (1991) analyzed water-quality trends at 403 stream-monitoring
stations nationwide for 1978-87. The most frequently detected trends included increasing
concentrations of dissolved ions and total nitrogen and decreasing concentrations of total
phosphorus. Exploratory analysis of possible relations between the trends and drainage-basin
characteristics resulted in few significant relations that could explain the observed trends.



In an effort to determine whether water-quality trends similar to those found by Smith
and others (1987a, 1987b) could be detected in New Jersey, Hay and Campbell (1990) did trend
analyscs of water-quality data from New Jersey streams for WY 1976-86 and 1980-86. Hay and
Campbell (1990) described the available water-quality data, the criteria developed to determine
if trend analysis was possible, the statistical tests employed, and all trend results. They detected
trends at 67 and 86 stream-monitoring stations for WY 1976-86 and 1980-86, respectively. All
stations were sampled routinely 4 to 12 times per year for both study periods. The Seasonal
Kendall test (flow adjusted, where possible) and the Censored Data Regression method (Cohn
and Stedinger, 1987) werc used to detect trends in the data for more than 50 constituents and
properties.

Trends most frequently identified in New Jersey streams by Hay and Campbell (1990)
for the WY 1976-86 and 1980-86 study periods included upward trends in specific conductance
and concentrations of fecal streptococcus bacteria and dissolved oxygen, dissolved calcium,
dissolved magnesium, dissolved sodium, and dissolved chloride; and upward trends and
downward trends in pH and concentrations of total phosphorous, dissolved sulfate, and fecal
coliform bacteria. Downward trends in concentrations of total lead and total organic carbon
were noted for WY 1976-86 only. The trend results reported by Hay and Campbell (1990) for
the 13 constituents and 2 properties examined in this report are summarized in table 2. Data
from Hay and Campbell (1990) form the basis for associating trends in water quality data with
basin characteristics, as discussed in this report.
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DRAINAGE-BASIN CHARACTERISTICS

The water-quality trends in New Jersey streams identified by Hay and Campbell (1990)
are inherently related to characteristics of the drainage-basin above the monitoring station. An
understanding of drainage-basin characteristics--such as streamflow, land uses, wastewater
disposal, and human population--during the period of water-quality data collection used in the
trend analysis can assist in determining which basin characteristics may have affected the
observed water-quality changes. Other factors such as atmospheric deposition and climatic
changes also can contribute to the trends detected in water quality.

Information on selected drainage-basin characteristics, also called ancillary data, that are
considered to have important influences on water quality in New Jersey were assembled for the
60 drainage basins analyzed in this report (table 3). The ancillary data measure not only static
conditions but also change during or preceding the WY 1976-86 study period. The investigators
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Table 2. Results of trend analyses for 13 streamwater constituents and 2 physical properties at selected sites
on New Jersey streams, water years 1976-86

[Based on data from Hay and Campbell (1990). uS/cm, microsiemens per centimeter at 25 degrees Celsius;
mg/L, milligrams per liter; MPN/100 mL, most probable number per 100 milliliters; laboratory codes are
those used by the U.S. Geological Survey for data storage and retrieval]

Number of Number Number
Constituent or physical property Laboratory m;’t‘;ggg‘?g (percent of tf)pt:{)c?itt }?2
(unit) code analyze dkfor total) with an downward
trends upward trend trend

Specific conductance (us/cm) 00095 64 22 (34) 5 (8)
Dissolved oxygen (mg/L) 00300 62 17 (27) 2 (3)
Biochemical oxygen demand, 5 day (mg/L) 00310 49 4 (8) 7 (14)
pH (standard units) 00400 61 19 (31) 6(10)
Total nitrogen, as N (mg/L) 00600 23 6(26) 1 (4)
Total ammonia, as N (mg/L) 00610 21 9(43) 0 O
Total phosphorus, as P (mg/L) 00665 46 5(11) 4 9
Total organic carbon (mg/L) 00680 57 0 0 35(61)
Dissolved calcium (mg/L) 00915 61 12 (21) 0 (0)
Dissolved magnesium (mg/L) 00925 61 16 (26) 3 (5
Dissolved sodium (mg/L) 00930 62 39 (63) 3 (5
Dissolved potassium (mg/L) 00935 62 2 (3) 17 (27)
Dissolved chloride (mg/L) 00940 63 49 (78) 2 (3
Fecal coliform bacteria (MPN/100 mL) 31615 57 8(14) 8(14)
Fecal streptococcus bacteria (MPN/100 mL) 31677 53 17 (32) 0 (0)
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Table 3. Drainage-basin characteristics tested in this study for associations with trends in water-quality

data in New Jersey

[ft3/s cubic feet per second; mi?, square mile; Mgal/d/m1 million gallons per day per square mile; kg/d/
mi? , kilograms per day per square mile; ton/mi?, tons per square mile; ton/acre/yr, tons per acre per year]

Drainage-basin
characteristic (unit)

Stream discharge
(ft/s)

Dramage basin size
(mi®)

Physiographic province

Land-cover type
(percent of basin)

Population

Wastewater dis; ?osal
(Mgal/d/m1
kg/d/ml )

Road-salt g ?pllcatlon
(ton/mi<)

Agricultural fertilizer
(ton/mi~)

Cropland soil erosion
rates/irrigated acreage
(ton/acre/yr)
(percentage of basin
area irrigated)

Description

Annual mean discharge for water years 1971-91 and 1976-86 at continuous gaging stations for
16 drainage basins; trends of either continuous or instantaneous stream discharge for all drain-
age basins.

Size of the drainage basin above the 60 water-quality monitoring stations.

Physiographic province of the 60 monitoring stations, as listed in table 1.

The percentage of each drainage basin classified as agricultural, forested, or urban land; percent-
age of these land-cover types also determined for a 3.1- and 0.62-mile upstream area from each
monitoring station (Mitchell and others, 1977).

Estimated 1975 and 1986 population for each drainage basin, including change during the
period and population density (N.J. Department of Labor, 1976, 1987).

Number of permitted-wastewater treatment facility discharges in each drainage basin for years
1975 and/or 1986; data from the Permit Compliance System data base (U.S. Environmental Pro-
tection Agency, 1990b) on the average yields of wastewater discharage and biochemical oxygen
demand and total suspended solid loads discharged in 1986 per square mile in the basin and an
area 3.1 miles upstream from each monitoring station; and the percentage of wastewater dis-
charge originating from municipal and nonmunicipal facilities.

Estimated amount of calcium, sodium, and chloride applied to roads in each drainage basin dur-
ing the winter seasons from 1975-76 through 1986-87 by the N.J. Department of Transportation
(Alfred Woodrow, N.J. Department of Transportation, written commun., 1989); and trends in
calcium, sodium, and chloride use during the same period.

Estimated amount of nitrogen and phosphorus fertilizer used in each basin during 1975-85 for
agricultural purposes (Richard Alexander, U.S. Geological Survey, written commun., 1989), and
trends in their use during the period.

Average cropland erosion rates and percentage of area irrigated for 39 of the drainage basins
(U.S. Department of Agriculture, 1986).
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emphasized collection of ancillary data that were already in digital form for use in a geographic
information system (GIS). The GIS was then used to assign all ancillary data to the 60 drainage
basins.

Some of the ancillary data are direct measures of contaminant release to streams, such as
amounts of effluent (treated wastewater) discharge from wastewater-treatment facilities,
whereas other ancillary data are estimators for data that are unavailable. (For example,
population density was used as an indicator of the density of urban development.) Some of the
ancillary data were available only at the county or the regional level. As a result, the spatial
nature of the data can describe a basin characteristic in general terms only. Where the ancillary
data were descriptive for an area other than the drainage basin, such as a county or municipality,
the data had to be adjusted to represent conditions within the drainage basin.

Certain drainage-basin characteristics and factors thought to be important indicators of
water quality in New Jersey were not used in the study because the data were either unavailable
or not readily available. These data included information on atmospheric-deposition rates of
dissolved materials, the type and intensity of agricultural activities, and the locations of sewered
and unsewered areas. Finally, some of the ancillary data described below to characterize
drainage basins were not available for WY 1976-86, but rather for years immediately before or
after this period.

streamflow

Concentrations of many water-quality constituents are strongly related to flows in
strecams. In addition to the use of flow-adjustment procedures in trends testing by Hay and
Campbell (1990) for many constituents, an understanding of streamflow conditions during WY
1976-86 may be helpful in attempting to find causes for the detected water-quality trends.

Streamflow characteristics during WY 1976-86 arc available for all 60 drainage basins.
Continuous streamflow records were published by the U.S. Geological Survey for 15 of the 60
monitoring stations (table 4). Streamflow was estimated at the remaining 45 water-quality
monitoring stations. This estimation of streamflow is based on the observed gage height of the
water in the strecam at the time of water-quality sample collection; this height is indexed to sites
instrumented to record streamflow continuously.

Streamflow characteristics for the 15 continuous-record stations for WY 1976-86 and
WY 1972-91, as well as the relative degree to which streamflow in the drainage basin is
regulated by upstream diversions and storage, are listed in table 4. Mean annual streamflow at
14 of the 15 gaging stations for WY 1976-86 was less than the mean annual streamflow during
the 21-year period of WY 1972-91. Precipitation during 1975-86 was slightly above normal in
the northern part of New Jersey (114 percent of normal at Newark) and below normal in the
southern part of the State (87 percent of normal at Atlantic City). In addition, the State
experienced droughts in 1980-81 and 1985; these droughts are a likely factor in the lower mean
annual stream discharges reported for WY 1976-86.
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Table 4. Statistical summary of stream-discharge characteristics and trends, water years 1971-91, for New
Jersey stream-monitoring stations where continuous discharge measurements and water-quality trend results are
available

[ft%/s, cubic feet per second; n, sample size for trends testing and is the number of years of available annual
mean streamflows; tau, Kendall's tau computed test statistic; p-value, the probability that the annual mean
streamflows during water years 1971-91 resulted from chance rather than an actual change in annual mean flow.
Amount of stream discharge regulation in drainage basin from Robert Schopp, U.S. Geological Survey, oral
commun,, 1993]

Mean annual Amount of
streamflow (ﬂ3/s), stream
for given range of discharge  Trends in annual mean flow,
Monitoring- water years regulationin water years 1971-91
station drainage
Monitoring-station name number 1971-91  1976-86 basin n tau p-value
Passaic River near Millington 01379000 109 102 Minor 21 -0.195 0.227
Passaic River near Chatham 01379500 201 184 Minor 21 -.229 .156
Whippany River at Morristown 01381500 66.8 624 Minor 21 - 171 291
Wanaque River at Wanaque 01387000 72.9 78.0 Major 21 -224 165
Saddle River at Lodi 01391500 113 108 Moderate 21 -.162 319
Raritan River at Manville 01400500 922 853 Moderate 21 -.162 319
Shark River near Neptune City 01407705 15.0 14.4 Moderate 21 010 .976
Jumping Brook near Neptune City 01407760 10.7 10.2 Moderate 21 .086 .608
Toms River near Toms River 01408500 221 212.2 Minor 21 -210 194
Batsto River at Batsto 01409500 120 113 Minor 21 -067 .695
Crosswicks Creek at Extonville 01464500 147 139 Minor 21 -276 .085
McDonalds Branch in Lebanon State Forest 01466500 2.24 2.13 None 21 -210 .194
NB Rancocas Creek at Pemberton 01467000 182 171 Minor 21 -162 319
SB Pennsauken Creck at Cherry Hill 01467081 19.2 18.2 Minor 21 474 .795
Raccoon Creek near Swedesboro 01477120 41.8 384 None 21 -219 174
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Trend analysis of the annual mean streamflow during WY 1972-91 at the 15 continuous-
record stations found no trend at any site for the period (o = 0.05). Use of Kendall’s tau
correlation analysis (Snedecor and Cochran, 1967) showed that at one site, Crosswicks Creek at
Extonville (U.S. Geological Survey station number 01464500), a downward trend in annual
mean streamflow during the period was significant when o was increased to 0.10. A number of
floods at the beginning of the period may have caused the observed trend in streamflow at this
location.

Trends in instantaneous streamflow at the time of water-quality sampling during WY
1976-86 for all 60 stations were determined by usc of the Seasonal Kendall test. Significant
trends (o < 0.10) were found at 12 stations (table 5). Instantaneous discharge decreased at 11
stations; all but two of these sites are located in the southern half of the State (fig. 2). These
downward trends could be an artifact of procedural changes in the frequency of water-quality
sampling and stream-height measurement that were made during WY 1976-86 at most stations.
Sampling frequency was reduced from monthly at the beginning of the period to six times yearly
in WY 1981. When the change was made to six samples per year, sample collection was not
equally spaced throughout the year but was biased toward low-flow periods.

c hic Sefti

The geographic setting of a drainage basin is defined as the physiographic province in
which the drainage basin is located (fig. 1 and table 1). When a drainage basin spans more than
one physiographic province, the province where the monitoring station is located was taken to
be the province for the entire basin. One-half of the 60 drainage basins are located entirely or
partly in the Coastal Plain Province, which comprises approximately one-half of New Jersey.
Nineteen drainage basins (32 percent of the 60) are in the Piedmont Province, four (6 percent)
are in the Valley and Ridge Province, and seven (12 percent) are in the Highlands Province. On
the whole, the distribution of water-quality monitoring stations and drainage basins by
physiographic province is roughly proportional to the areas of the physiographic provinces
within the State (fig. 1).

Land Use

New Jersey is a major industrial and commercial center in the northeastern United
States. In 1990, 33 percent of the State was classified as urban land (U.S. Department of
Commerce, 1991); no other state in the nation had a higher percentage of urban land. Yet, 21
percent of the land in New Jersey in 1990 was still active farmland. Forests accounted for 25
percent of the land use in the State, and the remaining 21 percent of land consisted of a varicty
of other uses such as wetlands, transportation corridors, and mining (U.S. Department of
Commerce, 1991).

Even though slightly more than one-fifth of New Jersey was farmland in 1990, the
amount of farmland has declined steadily throughout the State since the late 1800°s. Between
1950 and 1989, the amount of farmland decreased by more than 800,000 acres (New Jerscy
Department of Agriculture, 1989). Much of this lost farmland was converted to residential,
commercial, and industrial uses.
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Table 5. Statistical trend results for instantaneous streamflow data, water years 1976-86, at the 60 New Jersey stream-monitoring
stations tested for water-quality-data trends

[n, sample size for trends testing and is the number of instantaneous streamflow values; tau, Kendell's tau computed test statistic;
p-valrtllﬂg, th? probability that instantaneous streamflow values occur randomly rather than occur as a result in an actual change in
streamflow

L Monitoring-

Monitoring-station name station number n tau p-value
Wallkill River at Franklin 01367700 43 0.089 0.506
Wallkill River near Sussex 01367770 . 46 _.064 631
Papakating Creek at Sussex 01367910 43 -.096 480
Black Creek near Vernon 01368950 41 066 640
Passaic River near Millington 01379000 49 -.025 862
Passaic River near Chatham 01379500 48 -.107 393
Rockaway River at Pine Brook 01381200 52 -.067 579
Whippany River at Marristown 01381500 49 -.056 660
Whippany River near Pine Brook 01381800 49 -.005 1.000
Passaic River at Two Bridges 01382000 50 073 544
Wanaque River at Wanaque 01387000 47 -210 .087*
Saddle River at Lodi 01391500 47 -.132 295
SB Raritan River at Middle Valley 01396280 41 -.101 .486
SB Raritan River at Arch St at High Bridge 01396535 45 -.076 .575
Mulhockaway Creek at Van Syckel 01396660 51 -.044 730
SB Raritan River at Three Bridges 01397400 42 .184 170
NB Raritan River near Chester 01398260 46 -.036 .807
NB Raritan River at Bumt Mills 01399120 46 -.129 .306
Rockaway Creek at Whitehouse 01399700 48 -.053 .685
Lamington (Black) River at Bumnt Mills 01399780 40 -.082 .560
Raritan River at Manville 01400500 51 .045 726
Millstone River at Grovers Mill 01400650 47 133 289
Milistone River at Kingston 01401440 48 .033 816
Beden Brook near Rocky Hill 01401600 52 -.245 .033*
Millstone River at Weston 01402540 49 .021 .894
Manalapan Brook at Federal Rd near Manalapan 01405340 37 -.009 1.000
Shark River near Neptune City 01407705 49 -.031 .825
Jumping Brook near Neptune City 01407760 48 -.208 .088*
Marsh Bog Brook at Squankum 01407997 44 -072 600
Toms River near Toms River 01408500 57 .033 785
Mullica River at outlet of Atsion Lake at Atsion 01409387 43 -.045 759
Hammonton Creek at Wescoatville 01409416 43 .000 1.000
Batsto River at Batsto 01409500 50 -.148 216
WB Wading River at Maxwell 01409815 59 =218 .037*
Oswego River at Harrisville 01410000 48 -.299 014*
EB Bass River near New Gretna 01410150 49 =215 074*
Great Egg Harbor River near Sicklerville 01410784 48 -.144 243
Great Egg Harbor River near Blue Anchor 01410820 53 -.056 644
Great Egg Harbor River at Weymouth 01411110 46 -.114 .375
Maurice River at Norma 01411500 59 .023 852
Cohansey River at Seeley 01412800 53 .063 .594
Paulins Kill at Blairstown 01443500 51 .200 .086*
Musconetcong River at outlet of Lake Hopatcong 01455500 51 010 964
Musconetcong River at Beatyestown 01456200 51 036 .788
Musconetcong River at Riegelsville 01457400 44 -.006 1.000
Wickecheoke Creek at Stockton 01461300 46 .045 747
Crosswicks Creek at Extonville 01464500 48 -.144 242
Doctors Creek at Allentown 01464515 44 .042 774
SB Rancocas Creek at Vincentown 01465850 47 -.342 .005*
NB Rancocas Creek at Browns Mills 01465970 47 -.220 .074*
McDonalds Branch in Lebanon State Forest 01466500 63 -0.213 0.032*
NB Rancocas Creek at Pemberton 01467000 46 =317 011*
NB Pennsauken Creek near Moorestown 01467069 49 -.227 .058*
SB Pennsauken Creek at Cherry Hill 01467081 53 -.068 .565
Cooper River at Norcross Rd at Lindenwold 01467120 49 -.130 285
Cooper River at Lawnside 01467140 50 -.015 929
SB Big Timber Creek at Blackwood Terrace 01467329 51 059 636
Raccoon Creek near Swedesboro 01477120 50 .050 .696
Oldmans Creek at Porches Mill 01477510 49 -.021 .894
Salem River at Woodstown 01482500 49 -.065 .610

* Trend considered significant at o 0.10
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Figure 2. Locations of New Jersey stream-monitoring stations and detected trends
in instantaneous streamflow, water years 1976-86.
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Information on the presence and percentages of various land-use types in the 60 drainage
basins can help identify the possible effects of land use on the observed water-quality changes.
The only data that were readily available for describing land use in each of the 60 drainage
basins are data from the National Cartographic Information Center at a scale of 1:250,000
(Mitchell and others, 1977). 