
'. 

VOL. 30, NO.4 
WATER RESOURCES BULLETIN 

AMERICAN WATER RESOURCES ASSOCIATION AUGUST 1994 

CHARACTERIZATION OF SURFACE WATER QUALITY 
ALONG A WATERSHED DISTURBANCE GRADlENT1 

Robert A Zampella2 

ABSTRACT. Characterizing ecological indicatoJ'll such as water 
quality is neceuary to effectively manage human-dominated sys
tems such as the New Jersey Pinelands. Pinelands surface wateJ'll 
are naturally acidic and low in nutrients and other dillOlved sub
stances. Water quality for 14 Pinelands stream lites monitored by 
the U.8. Geological Survey was characterized in relation to land 
use. A gradient oC iDc:reasing pH, specific conductance, and concen
tration oC dissolved calcium, dissolved magnesium, total nitrite + 
nitrate-nitrogen, total ammonia-nitrogen, and total phosphorus 
was 8IIOciated with a watenhed disturbance gradient oC increas
ing land use intensity and waste water flow. These two parallel gra
dients emphasized the significant effect that watenhed disturbance 
can have on natural water chemistry in the Pinelands. The results 
oCthis study can be applied to planning and regulatory programs in 
the Pine1ands. 
(KEY TERMS: land use; New Jersey Pinelands; wateJ'llhed distur
bance gradient; water quality.) 

INTRODUCTION 

Several current initiatives focus on the need to 
develop sustainable ecosystems (Lubchenco et al., 
1991; Kessler et al., 1992). Sustainability is an espe
cially important issue in human-dominated systems 
such as the New Jersey Pinelands. Selecting appro
priate ecological indicators, such as water quality, and 
characterizing the effects of human activities on these 
ecological attributes is a prerequisite for the effective 
management of such systems (Harwell, 1990; Lub
chenco et al.,1991). 

Management of the 445,000 ha New Jersey Pine
lands area, which has been designated as a National 
Reserve by the U.S. Congress and a Biosphere 
Reserve in the Man and the Biosphere Program 

(MAS), is directed by a comprehensive regional plan
ning and regulatory program that affects a broad 
range of land use activities (Pinelands Commission, 
1980; Collins and Russell, 1988). Undisturbed surface 
waters in the New Jersey Pinelands are usually char
acterized as acidic, low in nutrients and other 
dissolved substances, and highly susceptible to 
watershed disturbance (Patrick et al., 1979; Yuretich 
et al., 1981; Morgan and Good, 1988). The ecological 
consequences of human-related watershed distur
bance in the Pinelands include changes in the compo
sition of communities of periphyton (Morgan, 1987), 
macrophytes (Morgan and Philipp, 1986), zooplankton 
(Morgan, 1985; 1986), maeroinvertebrates (Dougher
ty and Morgan, 1991), fish (Hastings, 1984), and 
forested wetlands (Ehrenfeld, 1983; Ehrenfeld and 
Schneider, 1991). 

Although several studies have described the water 
chemistry of both disturbed and undisturbed Pine
lands streams (Yuretich et al., 1981; Fusillo, 1981; 
Durand and Zimmer, 1982; Morgan and Good, 1988), 
the full range of surface water quality conditions 
found in the Pine lands has not been adequately 
examined. The purpose of this paper is to describe 
and compare the water quality of Pinelands streams 
draining watersheds representing a broad range of· 
geographic locations and land use characteristics. The 
results may be applied to the development of planning 
and regulatory programs that reflect the variable con
ditions and permitted land uses found throughout the 
Pinelands. 
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METHODS 

The New Jersey Pinelands lie on the Atlantic 
Coastal Plain in southern New Jersey. The principal 
aquifer is the Kirkwood-Cohansey (Rhodehamel, 
1979a), a water table reservoir that exerts consider
able influence on the structure and function of the 
Pinelands ecosystem (Ballard, 1979; Whittaker, 1979). 
Quartzose sands dominate the Kirkwood and 
Cohansey formations (Rhodehamel, 1979b), and 
ground water discharge from the aquifer accounts for 
89 percent of annual stream discharge (Rhodehamel, 
1979a). 

Using the same ll-year (October 1975-September 
1986) U.S. Geological Survey data set analyzed by 
Hay and Campbell (1990), summary statistics were 
calculated for each of the 14 water quality monitoring 
stations located on Pinelands streams (Table 1, Fig
ure 1). The summary statistics included first, second 
(median), and third quartile values for specific con
ductance, pH, dissolved calcium, dissolved magne
sium, total nitrite + nitrate-nitrogen, total ammonia
nitrogen, and total phosphorus. Using the median val
ues, Spearman rank correlation coefficients were cal
culated to evaluate the intensity of association 
among the seven variables. Separate medians were 
also calculated for (1) high flow periods (November
April) and (2) low flow periods (May-October) for the 
11 years to assess seasonal variations in water chem
istry due to differences in discharge, temperature, 
and biological activity (Morgan and Good, 1988; Hay 
and Campbell, 1990). 

~ PINELANDS 

~" 

• NEW 
YORK 

30 MILES t-_--.. I-.... ' 

30 KILOMETERS 

Figure 1. Location of U.S. Geological Survey Water Quality 
Monitoring Stations in the New Jersey Pinelands. 

Refer to Table 1 for explanation of stream station symbols. 

TABLE 1. Pinelands Surface Water Quality Stations Monitored by the U.S. Geological Survey. 

StatiOD 
Number 

01408600 
01409387 
01409416 
01409600 
01409815 
01410000 
01410150 
01410784 
01410820 
01411110 
01465850 
01465970 
01466600 
01467000 

Station 
Symbol 

TOM 
MOL 
HAM 
BAT 
WAD 
OSW 
BAS 
GHS 
GHB 
GHW 
SBR 
NRP 
MCn 
NRB 
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StatiOD Name 

1bms River Near 'lbms River 
Mullica River at Outlet of Atsion Lake 
Hammonton Creek at Wescoatville 
Batsto River at Batsto 
West Branch Wading River at Maxwell 
Oswego River at Harrisville 
Eaat Branch Bass River Near New Gretna 
Great Egg Harbor River Near Sicklerville 
Great Egg Harbor River Near Blue Anchor 
Great Egg Harbor River at Weymouth 
South Branch Rancoc:as Creek at Vincentown 
North Branch Rancocas Creek at Browns Mills 
MeDonalds Branch in Lebanon State Forest 
North Branch Rancocas Creek at Pemberton 
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123.0 
26.7 
9.6 

67.8 
8&.9 
72.5 
8.1 

1&.1 
37.3 

154.0 
64.& 
27.4 
2.4 

118.0 

318.6 
69.2 
24.8 

175.6 
222.5 
187.8 
21.0 
39.1 
96.6 

398.9 
167.1 
71.0 
6.1 

305.6 
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Characterization oCSurface Water Quality Along a Watershed Disturbance Gradient 

All available data were included in the analysis. 
Sample size varied among factors and stations due to 
differences in sampling frequency. Phosphorus, 
nitrite + nitrate-nitrogen, and ammonia-nitrogen data 
were edited prior to analysis. Nitrite + nitrate
nitrogen data, rather than nitrate data were used 
because the former variable was measured more fre
quently and nitrite represented only a small fraction 
of the combined measurement. Many censored obser
vations (values reported as below dete~tion limits) 
were reported for each of these three water quality 
variables, and detection limits varied considerably. 
For phosphorus, all censored values with detection 
limits greater than 0.02 mgll were deleted. For the 
two nitrogen species, all censored values with detec
tion limits greater than 0.10 mgll were deleted. All 
censored values were equated to zero when calculat
ing the summary statistics, but the respective detec
tion limits were used when reporting the results. 

Land use profiles (Table 2) for each of the drainage 
basins were also prepared using U.S. Geological Sur
vey land cover data <Mitchell et al., 1977} and waste 
water discharge data reported .by the Pinelands Com
mission (1980). Land use cover classes include urban, 
agricultural, and forest land. Percentages shown in 
Table 2 do not total 100 percent because all land use 
types are not shown. Although the land cover infor
mation is from the late 1960s to early 1970s, it still 
reflects relative differences among these areas. With 
the exception of portions of Ocean County located 
within the Toms River basin, most development that 
occurred in the Pinelands during the 1970's was locat
ed along the region's' perimeter (Pinelands Commis
sion, 1980). 

The land use profiles were used to develop a gener
alized watershed disturbance gradient. Drainage 
areas were ordered by: (l) separating those with 
waste water discharges from those without discharges 
and (2) ranking basins within these two groups 
according to their combined urban and agricultural 
land coverage (Table 2). 

RESULTS AND DISCUSSION 

A water quality gradient of increasing pH, specific 
conductance, and calcium, magnesium, nitrate
nitrogen, ammonia nitrogen, and total phosphorus 
concentrations paralleled the watershed disturbance 
gradient characterized by increasing land use intensi
ty (percent developed and agricultural land) and 
waste water flow (Figure 2). A high positive correla
tion existed among all seven water quality variables 
(Table 3). 

McDonalds Branch, shown at the extreme left end 
of the disturbance gradient, is a U.S. Geological Sur
vey Hydrologic Benchmark station. Benchmark sta
tions comprise a national network of water quality 
stations located in small, undeveloped watersheds. 
Thus, McDonalds Branch provides an excellent stan
dard for water quality in undisturbed Pinelands 
watersheds. Hammonton Creek displayed the great
est degree of watershed disturbance. The land use 
characteristics of this drainage basin contrast sharply 
with those drainage basins that are dominated by for
est land. 

TABLE 2. Land Use Characteristics oCPinelands Watersheds. 

Sewace Percent Land Cover 
Flow Total 

Station Name (IOOO1pl1day/mil) Forested Urbaa Apicu1tural Altered 

McDonalds Branch in Lebanon State Forest 0 96.0 0.0 0.0 0.0 
East Branch Baas River Near New Gretna 0 86.9 3.2 0.0 3.2 
Oswego River at Harrisville 0 SO.6 3.6 2.6 6.2 
West Branch Wading River at Maxwell 0 68.4 0.5 9.5 10.0 
Batsto River at Batsto 0 54.8 0.9 14.9 15.8 
Mullica River at Outlet oC Atsion Lake 0 53.4 9.4 6.9 16.3 
'Ibms River Near 'Ibms River 4.4 57.1 10.1 4.6 14.7 
North Branch Rancocas Creek at Pemberton 4.4 60.8 10.1 7.8 17.9 
North Branch Rancocas Creek at Browns Mills 3.6 54.1 25.6 3.7 29.3 
South Branch Rancocas Creek at Vincentown 4.6 39.8 7.0 26.6 33.6 
Great Egg Harbor River at Weymouth 5.4 45.3 16.2 19.7 35.9 
Great Egg Harbor River Near Blue Anchor 21.4 41.1 24.S IS.5 43.3 
Great Egg Harbor River Near Sicklerville 53.0 41.S 32.3 14.7 47.0 
Hammonton Creek at Wescoatville 76.0 17.4 22.5 60.1 72.6 
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Figure 2. Pinelanda Surface Water Quality Gradients. 
Shaded areas show detection limits for total phosphorus 

(0.02 m.,l), total ammonia-N (0.10 mg/l), and 
total nitrite + nitrate-N (0.10 mg/l). 
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Along with McDonalds Branch, Bass River, Oswego 
River, and Wading River are the least disturbed 
drainage areas. The high percentage of altered land 
in the Wading River is due to extensive cranberry and 
blueberry lands rather than upland farmland which 
dominates in other basins with high agricultural 
cover. Lime and fertilizer requirements of these berry 
crops are low compared to those of most upland crops 
(Pinelands Commission, 1980). 

The Batsto River and Mullica River drainage areas 
represent basins with moderate urban or agricultural 
land cover and no sewage discharges. The Toms River, 
North Branch Rancocas, South Branch Rancocas, and 
Great Egg Harbor River at Weymouth drainage areas 
have comparable waste water discharge levels 
although agricultural land cover is higher in the lat
ter two basins. The two other Great Egg Harbor River 
drainage areas and Hammonton Creek can be charac
terized as urban/agricultural basins with relatively 
high waste water flows. Water quality characteristics 
associated with these four general watershed types 
are shown in Table 4. 

Very low pH and calcium and magnesium concen
trations distinguished water quality in the four least 
disturbed (McDonalds Branch, Bass River, Oswego 
River, and Wading River) streams from all other 
stream stations. These streams also displayed espe
cially small cation and pH interquartile ranges. 

Specific conductance and dissolved calcium and 
magnesium concentrations were generally higher dur
ing high flow periods, while pH was highest during 
low flow periods (Figure 3). Similar trends have been 
observed in other Pinelands studies (Fusmo et al., 
1980; Morgan and Good, 1988). However, seasonality 
appeared to have only a minor effect on the basic 
water quality gradient. 

Nitrite + nitrate-nitrogen concentrations were 
< 0.10 mWl in the four least disturbed streams. They 
were also low in several streams that occupied an 
intermediate position in the disturbance gradient. 
The high nitrite + nitrate-nitrogen detection limit 
probably partially obscured the distinction between 
these streams and the least disturbed streams. 
Although domestic sewage discharges have been iden
tified as a major reason for the extremely high nitrite 
+ nitrate-nitrogen concentrations observed in the· two 
upper Great Egg Harbor River stations and Hammon
ton Creek (Fusillo, 1981; Schomick and Ram, 1978), 
the changes observed along the watershed distur
bance gradient probably reflect both point and non
point sources, including agricultural activities. 

Yuretich et ale (1981) found a similar contrast in 
calcium and magnesium levels between undisturbed 
Pinelands streams and Toms River, Mullica River, 
and Batsto River stream stations. They attributed the 
higher levels in the Toms River to human activities 
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TABLE 3. Spearman Rank Correlation Coefficients (P < 0.001). 

SpecJflc 
pH Conductance TP N~+N03 NBS Ca Me 

pH 1.00 

Specific Conductance 0.91 1.00 .. 
'!btalP 0.95 0.91 1.00 

N02 +N03-N 0.84 0.93 0.85 1.00 

NH3-N 0.79 0.81 0.80 0.77· 1.00 

Ca 0.92 0.92 0.86 0.79 0.78· 1.00 

Mg 0.98 0.95 0.94 0.88 0.79 0.95 1.00 

*P=O.OOl. 

TABLE 4. Water Quality Characteristics of Pine lands Streams. 

LAND USE INTENSITY 
Low Moderate Moderate-Hich Rich 

SEWAGE FLOW 
None None Low Moderate-Rich 

STREAM GROUPS 
MCn,BAS, TOM, NRP, NRB GIIB,GHS, 

Factors OSW,WAD BAT,MUL SBV,GHW HAM 

pH (standard units) 
1st Quartile 4.04.2 4.3-4.4 4.4-5.3 5.5-6.0 
Median 4.24.4 4.6-4.9 4.6-5.9 6.2-6.4 
3rd Quartile 4.44.6 5.0-5.2 5.1-6.3 6.5-6.6 

Specific Conductance (J.1SIcm) 
1st Quartile 31-39 32-35 42-68 71-117 
Median 42 42-44 47-75 79-136 
3rd Quartile 47-58 56-57 53-86 87-159 

Calcium, Dissolved (mgll) 
1st Quartile 0.4-0.8 1.4 1.7-4.7 3.1-4.6 
Median 0.5-1.0 1.6-1.8 1.8-5.5 3.5-5.3 
3rd Quartile 0.8-1.2 1.9-2.4 2.1-6.3 3.8-6.2 

Magnesium, Diasolved (mgIl) 
1st Quartile 0.3-0.4 0.6 0.7-1.2 1.5-1.8 
Median 0.4-0.5 0.7-0.8 0.8-1.3 1.7-1.9 
3rd Quartile 0.5-0.6 0.8-1.0 0.9-1.6 1.8-2.3 

Ammonia-N. '!btal (mgll) 
1st Quartile <0.10 <0.10 <0.10 <0.10-0.81 
Median <0.10 <0.10 < 0.10-0.12 0.10-1.29 
3rd Quartile <0.10-0.12 0.13-0.15 0.11-0.20 0.19-28 

Nitrite + Nitrate-N, '!btal (mgIl) 
1st Quartile <0.10 <0.10 <0.10-0.39 0.83-1.20 
Median <0.10 < 0.10-0.12 <0.10-0.47 1.20-1.62 
3rd Quartile <0.10 0.15-0.17 0.10-0.60 1.40-2.49 

Phosphorus, '!btal (mgll) 
1st Quartile <0.02 <0.02-0.02 0.02-0.07 0.14-0.40 
Median <0.02-0.03 0.03 0.03-0.13 0.22-1.06 
3rd Quartile <0.02-0.06 0.04 0.06-0.22 0.36-1.50 
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Figure 3. High Flow <November.April) and Low Flow (May-October) Median Water Quality Values. 

but suggested that deep ground water contributions 
were the primary source of the higher cation concen
trations in the other two streams. Morgan and Good 
(1988), who more accurately characterized the type 
and extent of land use disturbance in the headwaters 
of the Mullica River and Batsto River, associated ele
vated calcium and magnesium levels in these 
streams with watershed disturbance. 

Ammonia-nitrogen concentrations were low and 
generally comparable in all but the four stTeams occu
pying the extreme end of the disturbance gradient. 
The relatively high phosphorus concentrations (> 0.02 
mg/l) reported here for McDonalds Branch, Bass 
River, Oswego River, and Wading River may be due in 
part to analytical limitations. However, differences in 
phosphorus levels observed along the disturbance gra
dient appear to reflect actual conditions rather than 
analytical error. As with nitrite + nitrate-nitrogen 
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concentrations, sewage discharges are reported to 
have a substantial effect on phosphorus levels in the 
upper Great Egg Harbor River stations and Hammon
ton Creek and ammonia levels in Hammonton Creek 
(Fusillo, 1981; Schomick and Ram, 1978). 

This study documents the wide range of water 
quality characteristics found in the Pinelands and 
highlights the significant effect that watershed dis
turbance can have on natural water chemistry. Sub
stantial changes in all the major water quality 
variables analyzed were associated with a gradient of 
varying urban and agricultural land use intensity 
and domestic waste water flow. The results can be 
used in the development of water quality programs 
and policies that reflect both the differences in water
shed characteristics found in the Pinelands and the 
range ofland uses allowed in the region. 
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