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ABSTRACT.—-Water quality of stormflows from four
forested watersheds in the Boston Mountains of Ar-
kansas was monitored for 8 years. Analyses focused
on: P, K, Ca, Fe, Na, NHy-N, Mg, Mn, Nog, HCOS, and
total hardness. Turbidity, pH, and specific con-
ductance were also determined. Concentrations of
Fe, Mg, HCO}, Mn, K, NH3-N, and NO} in stormflow
were found to vary among watersheds, reflecting
differences in soils or vegetation. Seasonal
changes were also evident for Ca, K, Na, HCO;,
P, and total hardness. The data provide basis
determining downstream loading of nutrients.
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INTRODUCTION

Nutrient levels in surface waters are becoming
increasingly important as water-quality considera-
tions in managing streams and lakes (Douglass 1974).
Excesses of certain nutrients can greatly increase
the algal productivity of streams and lakes, thus
decreasing suitability of habitat for other aquatic
organisms. Such excesses can also create problems
when water is used for municipal, industrial, or
agricultural purposes. The catchments evaluated in
this study are in the Upper White River Basin, which
provides water for several municipalities in north-
ern Arkansas. Little information on nutrient load-
ing in the region is available for use by stream and
lake managers.

The objective of this study was to determine
nutrient levels and characteristics of stormflow
from relatively undisturbed hardwood forested water—
sheds in Arkansas's Upper White River Basin.

STUDY AREAS

The four small headwater catchments used in this
study are located in northwest Arkansas on the Ozark
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National Forest southeast of Fayetteville, AR. As—
pects range from west to northeast, elevations from
1,920 to 2,375 feet, and slopes average 30 percent.
The watersheds, WS-1, WS-2, WS-3, and WS-4, have
areas of 28.3, 33.2, 14.6 and 17.4 acres. Hydrolog—
ic characteristics of the watersheds were previously
reported by Rogerson and Lawson (1982). ‘

The watersheds are on flat-bedded sandstone and
shales and have similar topography, geology, soils,
and forest cover. Soils are derived from sandstone,
siltstone, and shale of the Atoka formation of the
Pennsylvanian Age. Soil series are Mountainburg
stony fine sandy loam and Hartsell fine sandy loam
on the ridges and upper slopes; Leesburg stony, fine
sandy loam on the middle and lower slopes; and small
scattered areas of Nella, Linker, and Enders gravel-
ly, fine sandy loams. The Mountainburg and Hartsell
soils are 1.3 to 2.6 feet deep, low in fertility,
rapidly permeable and strongly acidic. Leesburg and
Nella soils are 4.0 to 6.0 feet deep, moderate in
fertility and permeability, and medium to strongly
acidic (Garner et al. 1977). Linker and Enders
soils are low in fertility, strongly acidic, and
slow to moderately permeable. Enders soils may be
more than 6.0 feet deep, but Linker soils have
depths of only about 2.4 feet. Mountainburg soils
are classed as loamy-skeletal, siliceous thermic
family members of the Lithic Hapludult subgroup.
Hartsgll and Linker soils are fine-loamy, siliceous,
t@ermlc, Typic Hapludults. Leesburg and Nella se—
ries are members of the fine~loamy, siliceous, ther—
mic family of Typic Paleudults. The Enders soils
are classed as clayey, mixed, thermic, Typic Haplu-
dults (Garner et al. 1977).

Oyerstory vegetation on the watersheds can be
classified as mixed hardwoods and consists primarily
of white oak (Quercus alba L.), red oak (Q. rubra
L.), various hickories (Carya spp.), black oak Q..




velutina Lam.), red maple (Acer rubrum L.), and )
black gum (Nyssa sylvatica Marsh.). Other species
encountered less frequently in the overstory were
black cherry (Prunus serotina Ehrh.), white ash
(Fraxinus americana L.J, black locust {Robinia pseu-
doacacia L.), Ozark chinkapin (Castanea ozarkensis
Ashe), and sugar maple (Acer saccharum Marsh.), The
primary understory species were dogwood (Cornus
florida L.), serviceberry (Amelanchier arborea
Michx.), ironwood (Ostrya virginiana Mill), sassa-
fras (Sassafras albidum Nutt.), and witch-hazel
(Hamamelis wvirginiana L.).

Trees greater than 2.5 inches d.b.h. occurred at
an average density of 311 per acre on the four
watersheds. Forty-six percent of the stems were
saplings (2.5 to 4.5 inches d.b.h.), 43 percent were
poletimber sized (4.6 to 10.5 inches d.b.h.), and 11
percent were sawtimber sized (greater than 10.5
inches d.b.h.). Basal area averaged 84.9 ft” per
acre. Saplings accounted for 11 percent of the
basal area, poletimber 41 percent, and sawtimber 48
percent. More than 60 percent of the stems were
oaks and another 14 percent were hickories. The
oaks accounted for more than 70 percent of the basal
area {red, 40 percent; white, 21 percent; and black,
10 percent), and hickories comprised 11 percent.

Warm summers and moderately cold winters depict
the climate of the study sites. The mean annual
temperature is 59.4%F, with a January average of
38.19F and a July average of 90.2°F. Tewmperatures
of 0°F or slightly lower can occur during the winter
months, The average growing season is slightly over
200 days, occurring from early April to late Octo-
ber. Long-term, average, annual precipitation is 50
inches (U.S. Department of Commerce 1982). Precipi~
tation is distributed fairly evenly throughout the
year, although the growing season rainfall averages
more than 31.5 inches. Most precipitation occurs as
rainfall, but light snow normally falls a few times
each year.

STUDY METHODS
Field Measurements

Stormflow from the 4 watersheds used in this
study was measured using 3~foot H-flumes. Depth of
flow in the flumes was measured with FW-1 water
level recorders and converted to volume. Nearly all
of the stormflow in these ephemeral to intermittent
flowing streams originates as subsurface flow.

Puring the period 1974 to 1981, I-liter water
samples were automatically collected at stage
heights of 0.05, 0.10, 0.20, 0.30, 0.50, 0.75, and
1.00 feet io the flumes. The technique developed by
Sartz and Curtis (1967) allows sampling during the
rising stages only and prevents water from flowing
out of the sample bottle omce it is full. Samples
were usually, but not always, collected at the same
stage heights in a given runoff-producing storm.
Date of storm occurrence was recorded for each sam—~
ple. Samples were transported as soon as possible
after each runoff-producing storm and were stored in
a refrigerator or freezer until analyses could be
performed.
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Laboratory Analyses

All laboratory analyses and measurements were
performed by the University of Arkansas Soil Testing
Laboratory at Fayetteville, Arkansas, using standard
methods (American Public Health Association 1980).
These methods are compatible with Environmental
Proctection Agency standards (U.S. Environmental
Protection Agency 1976). Analyses of all individ-
ual elements were not made throughout the entire
study period due to equipment availability or to
insufficient quantity of water collected. Analyses
were made on unfiltered samples.

The following determinations were made for each
sample, except where sample quantities were insuffi-
cient: pH, iron (Fe), manganese (Mn), total phospho-
rus (P), potassium (K), calcium (Ca), magnesium
(Mg), sodium (Na), total hardness, ammonia nitrogen
(NH3-N), nitrate (NO3), bicarbonate (HCO3), specific
conductance, and turbidity. All nutrient data are
given in milligrams per liter (mg/1). Specific
conductance is reported in micromhos/cm at 25°C, and
turbidity is reported in nephelometric turbidity
units (NTU).

Data Analyses

Water sample data for most nutrients were col-
lected during the entire period (1974 to early
1981). The number of samples collected for each
storm varied from one to seven, depending on storm-
flow response of each watershed. The total number
of samples for most nutrients ranged from 159 on
watershed WS~3 to 243 on watershed WS-1 over the
study period.

The statistical analyses to provide means, stan-—
dard deviations, and standard errors for watersheds,
years, and seasons were performed using the Means
Procedure provided by Statistical Analysis System
Institute, Inc. (1979).

RESULTS AND DISCUSSION

Some differences in average nutrient concentra-
tions in runoff were found (table 1), even though
large variations among these similar watersheds
would not be expected. Watershed WS-3 showed higher
levels of Fe, Mg, and HCO; than watersheds WS-1, WS-
2, and WS~4. Also, Mn, 1(3, NH4-N, and Nog levels
were higher on WS-3 than at least one other water-
shed. Watersheds WS-1 and WS-2 had the lowest con-
centrations of these nutrients.

Average concentrations of P, Ca, Na, and total
hardness did not differ greatly among the four wa-
tgrgheds. Levels of P in this study were low and
similar to those found in the Ouachita Mountains
(Lawson and Hileman 1982) and in the Springfield-
Salem Plateau (Lawson et al. 1985). Calcium levels
found in the latter region were much higher than
those in this study and in the Ouachita Mountains
study. Average levels of Na are low for all water—
sheds, but slightly higher than those found in the
studies mentioned above.



TABLE 1.~--Average nutrient concentrations (mg/l) and standard errors (SE) in stormflow from Boston

Mountain watersheds (1974-1981).

Watershed

Nutrient Ws-1 Ws-2 Ws-3 WS—4 All-WS

Mean SE Mean SE Mean SE Mean SE Mean SE
Fe 0.13 0.012 0.18 0.020 0.32 0.029 0.20 0.017 0.20 0.010
Hardness 30.83  2.653 28.03 1.999 26.86 1.934 27.49 2.104 28.30 1.148
Mn 0.05 0.006 0.04 0.007 0.07 0.011 0.08 0.012 0.06 0.004
P 0.16 0.011 0.17 0.012 0.23 0.019 0.18 0.013 0.18 0.007

0.85 0.045 0.79  0.040 1.12  0.069 1.01 0.057 0.92 0.026
Ca 0.53 0.052 0.44 0.038 0.56 0.048 0.56 0.054 0.51 0.024
Mg 0.38 0.021 0.41 0.023 0.56 0.029 0.42 0.024 0.43 0.012
Na 0.97 0.036 1.04 0.035 0.93 0.055 0.90 0.052 0.96 0.022
NH3-N 0.27 0.021 0.34 0.038 0.44  0.042 0.36 0.039 0.34 0.018
NO; 1.84  0.102 1.76  0.092 2.06 0.125 2.14 0.108 1.93 0.053
HCOS 10.72 0.618 10.80  0.581 14.06 0.834 11.49 0.639 11.56  0.330

Differences in nutrient concentrations in storm-
flow from the four watersheds are probably related
to variations in soil and hydrologic respomse char-
acteristics. Watersheds WS-3 and WS-4 were found to
have less stormflow and higher overall nutrient
concentrations in water sampled during this study
period compared to watersheds WS-1 and WS-2 (Roger-
son and Lawson 1982). This suggests that dilution
may occur during the stormflow processes. Leesburg
soils tend to be more prevalent on watershed WS-3
and WS—4 than on WS-1 and WS-2, especially along the
main stream channels (Arnold and Cash 1977). Water-
shed WS-3 also contains some Ender and Nella series
soils that are deeper and have thicker surface lay-
ers. Watersheds WS-1 and WS-2 contain Leesburg
soils but they have a larger percentage of their
area mapped as Mountainburg soil series or the Moun-
tainburg-Nella association. pifferences in soil
characteristics among the watersheds seem to influ-
ence the chemical characteristics of stormflow.
These soil characteristics are described in the
"Study Areas" section. Differences in characteris-
tics of vegetative cover could also influence water
quality of streams. Similar variability was found
by Martin et al. (1984), who reported that differ-
ences in stream nutrient levels among uncut water—
sheds in the same forest type were as large as
changes in nutrient levels that might occur due to
various levels of cutting.

Average concentrations of several nutrients
varied among months of the year and showed seasonal
trends. Levels of Ca, K and Na increased substan-
tially during the summer and early fall months,
although Ca levels declined sooner (fig. 1). Wagner
and Steele (1982) found that the levels of Ca, K and
Na ions in wet atmospheric deposition were greatest
in the spring and late summer months. Thus, season-
al differences in nutrient content of stormflows may
also be influenced by varying inputs of nutrients in

precipitation. = It is also possible that seasonal

changes in hardwood vegetation and decomposition of
litterfall may result in seasonal differences in
nutrient levels in stormflow.
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FIGURE‘I.——Average monthly concentrations of Ca,
K, and Na in runoff from Boston Mountain watersheds
(1974-1981). :

Total hardness levels were greatest in July,
August, and September, and lowest in April and May
(fig. 2). Bicarbonate (HCO3) concentrations also
showed seasonal trends with the highest values oc—
curring in the summer (fig. 2). "Manganese concen-—
trations in stormflow were highest in July and Aug-
ust, but somewhat variable in other months (fig. 3).
Levels of P tended to peak in March, followed by a
decline and another peak in September (fig. 3).
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FIGURE 2.~~Average wmonthly concentrations of
HCO3, and total hardness in runoff from Boston
Mountain watersheds (1974-~1981).
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FIGURE 3.-~Average wmonthly concentrations of Mn
and P in runoff from Boston Mountain watersheds
(1974-1981).

Nitrate (NO3) levels varied considerably among
months with a peak of about 3.5 mg/l occurring in
July and August, and a second peak of about 2.4 mg/1
in March (fig. 4). In this study, average monthly
NH,~N peaked at 1.0 mg/l in August. However, in
another study, atmospheric input of ammonium (NH )
and nitrate (&05) nitrogen has been reported to he
greatest during the spring months (Wagner and Steele
1982). Nitrogen chemistry of two small watersheds
in the eastern United States was significantly in-
fluenced by atmospheric deposition of nitrogenous
compounds (Moore and Nuchols 1984),

The average pH of stormflow varied somewhat
among the four watersheds, with WS-4 having a lower

218

4,

[ Jnes

3.54 ey
~
=
-
o
£ o
z
o
- 2.5
é i 1
= J—
& 2 )
o J—
z I
Q
O 1.5
w
(0]
<
o 1
ui
>
<

.5

o T T T T Al T T T T T u T

Jan Feb Mar Apr May Jun Jul Aug Sep Qct Nov Dec
MONTH

FIGURE 4.--Average monthly concentration of NOS
in runoff from Boston Mountain watersheds (1977-
1981).

value than watersheds WS-1, WS-2 and WS-3 (table 2).
Average monthly pH ranged from 5.8 in June to 6.3 in
January, but did not show any seasonal trends (Un- «
published data). However, seasonal changes in pH

of stormflow in Arkansas have been reported, with
generally lower values during the summer months
(Lawson and Hileman 1982). The pH of precipitatiom
is also known to vary somewhat with season (Wagner
and Steele 1982) and may cause similar variations in
the pH of stormflow. Soil pH levels have also been
reported to show seasonal trends (Keogh and Maples
1972).

Average annual pH also changed considerably
during the study, declining from about 6.1 to 5.6
between 1974 and 1981 (fig. 5). The cause for this
decline is unknown, but pH and chemical changes in
atmospheric deposition are suspect. A similar trend
was found for pH of stormflow in the Ouachita Moun-
tains (Lawson and Hileman 1982), but not in the
Springfield-Salem Plateau region of Arkansas (Lawson
et al. 1985) where calcareous soils strongly buffer
streamflow, as evidenced by the high average of pH
of about 7.0. An annual decline in pH of surface
water was found in Illinois during the same time
period (Brozka et al. 1981). Stormflow from for-
ested watersheds generally occurs as lateral flow in
the upper porous soil layers and rarely as overland
flow above the soil surface. Thus, differences in
soil chemical properties are likely to be reflected
in corresponding differences in properties of run-—
off.

Specific conductance of stormflow samples from
watershed WS-3 was found to be much higher than the
other three watersheds (table 2), which probably
reflects a greater concentration of nutrients. Wa-
tershed WS—4 stormflow provided the second highest
specific conductance levels, reflecting its high
ranking for several nutrients. The average specific
conductance levels found over the 8-year study are
slightly lower than those found in the Ouachita
Mountains (Lawson and Hileman 1982) and much lower



TABLE 2.--Average pH, specific conductance and turbidity in stormflow from Boston Mountain watersheds

(1974-1981).

Watershed
Item WS~1 WS-2 WS-3 WS-4 All WS
Mean SE Mean SE Mean SE Mean SE Mean SE
pH 5.99 0.031 6.02 0.033 6.00 0.033 5.83 0.029 5.96 0.016
Conductancel | 20.13 0.626 19.78 0.529 24.47 1.015 21.42 0.918 21.17 0.382
NTU? 19.18 5.371 26.38 7.036 40.14 8.752 34.70 11.196 29.12 4.021

1 Specific conductance in micromhos/cm.

2 §TU = Nephelometric Turbidity Units.

Data from 1975-1980 only.

than those reported in the Ozark Highlands (Lawson
et al. 1985). Specific conductance of all water-
‘sheds combined was also found to vary considerably
among months of the year, with the highest levels
occurring in summer and early fall (fig. 6). These
specific conductance levels generally coincided with
the higher concentrations of most nutrients. Aver-
age conductance levels found in stormflow from these
watersheds are relatively low, indicating small
amounts of dissolved minerals.
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FIGURE 5.--Average annual pH of runoff from
Boston Mountain watersheds (1974-1981).

Turbidity of stormflow was found to be highly
variable among watersheds (table 2), with levels
ranging from about 19.2 to 40.1 NTU. The high
average turbidity levels and variability are largely
the result of high values recorded for a very few
stormflows. Variations in average turbidity report~-
ed by Lawson and Hileman (1982) in the Ouachita
Mountains and Lawson et al. (1985) in the Ozark
Highlands were even larger than those reported in
this study. The high turbidity levels and varia-
tions in stormflow from these forested watersheds

are also believed to be strongly influenced by or-
ganic materials. Sediment yields are also highly
variable from storm to storm and year to year.
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FIGURE 6.--Average monthly specifié conductance
of runoff from Boston Mountain watersheds (1975-
1981).

Several factors may have contributed to the
variability of results. Due to precipitation pat-
terns, there may be little or no stormflow from
these watersheds in a given month compared with the
same month in another year. A similar variation
among seasons and years is characteristic of storm-
flow patterns. - Also, there are some inherent dif-
ferences in stormflow response among watersheds that
affect sampling frequency. Watersheds WS-1 and W5-2
provided the largest number of stormflow samples.
Antecedent soil moisture affects the amount of
stormflow and therefore, the amount of leaching that
takes place in response to a storm. = Thus, previous
leaching may have caused changes in nutrient concen-
trations or other chemical and physical properties
of storm runoff. Nutrient release is known to be



affected by soil moisture and soil temperature
(Pritchett and Wells 1978).

SUMMARY

In the present study, differences occurred in
nutrient content of stormflew among undisturbed
watersheds and on a seasonal basis. The differences
indicate the strong influence of soils, vegetation,
and perhaps atmospheric deposition. Concentrations
of Fe, Mn, K, Mg, ﬂﬂ3—ﬂ and ECO3 in stormflow
varied considerably among the four watersheds, while
levels of P, Ca, Na and total hardness were fairly
uniform. Seasonal differences in nutrient levels
were also found for Ca, K, Ma, Mn, P, HCO3, total
hardoess and NOS,

Turbidity levels in stormflow were highly varia-
ble and average levels among the four watersheds
were relatively large. Specific conductance levels
of stormflow were different among the watersheds,
and exhibited seasonal trends.

Stormflow from watershed WS~4 was considerably
lower in pH than that from the other three water—
sheds., Average amnual pH on all watersheds was
found to decline during the 8-year study period.

Levels for most nutrients in stormflow from the
watersheds were generally within the range of those
reported in other areas (Douglass and Swank 1975,
Hewlett 1979, Lawson and Hileman 1982, Lawson et al.
1985, Lewis and Grant 1979, Peterson and Rolfe
1982}, However, some nutrient levels and chemical
properties, such as Ca, HCOZL, and specific conduct-
ance, reflect soil and geologic conditions charac—
teristic to a specific region.

“The data provided in this study will be useful
for estimating nutrient yields and other chemical
and physical properties of stormflow from watersheds
having similar characteristics. Average concentra-
tions for each nutrient or property are provided for
uge in making these estimates,
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