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ABSTRACT

The major objective of this study was to determine what 
effect, if any, rainfall had on the concentrations of certain ions 
and other chemical species present in soil pore water. A transect 
was established in the Upper Three Runs Creek watershed on the U.S.

W Department of Energy's Savannah River Site in Aiken, South
Carolina. Water was collected as rain, throughfall, soil pore 
water, and stream water. Over three months, collections were made 
during five storm periods and five nonstorm periods. Samples were 
analyzed for anions and cations including Ca+2, Na+, and SO4'2 and 
for dissolved organic carbon (DOC). The effect of storms on the 
composition of soil pore water was evaluated using soil pore water 
samples taken from sites in the bottomland regime (which included 
the floodplain and riparian zone) during storm and nonstorm 
periods. No significant differences were found between storm and 
nonstorm concentrations of Ca+2, Na+, SO4'2, or DOC. Sampling with 
zero tension lysimeters is suggested to intercept macropore flow so 
that the chemistry of water flowing quickly through the profile 
immediately after a rain can be determined.

*
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INTRODUCTION

It seems clear that the interaction between streams and the 
floodplains they come in contact with is such that both stream and 
soil are affected in some way. Understanding how floodplains 
interact with both the stream and terrestrial areas farther removed

• from the stream bed will help to develop more effective and more
responsible land use management schemes. Bottomland soils, those 
found in low-lying areas that are often moist and sometimes house 
creek beds, are typically rich in organic matter and have the 
potential to be drained and developed into productive agricultural 
areas. The impact of such disturbances on streams, ground water, 
and surrounding land is not yet fully understood.

This study was part of a larger project, the aims of which 
are to monitor the movement of nutrients through a hillside in a 
South Carolina Coastal Plain watershed. Of particular interest is 
the movement of dissolved organic carbon, from throughfall 
(precipitation that has come into contact with the forest canopy), 
into the soil, through the profile, and across the hill slope down 
to the stream. It was hypothesized that nutrients move through 
soils as a result of the flushing action of rainfall (J. M. Novak, 
personal communication). Soil pore water could act as a major 
vehicle for these nutrients.

We sampled water from upland and bottomland soils using 
tension lysimeters. These instruments consist of a porous cup, in 
this case made of ceramic porcelain, connected to the bottom of a 
PVC pipe. A rubber stopper sealed the top. These are placed into 
the ground, and when a vacuum is applied, water is drawn into the 
device through pores in the ceramic cup.

In this study, the quality of water collected during dry 
periods (nonstorm) was compared to that collected after rainfall
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(storm)
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LITERATURE REVIEW

The study site included soils on the floodplain of a 
blackwater stream, so called for the green-grey color of the water 
caused by high levels of organic matter, and on a rise adjacent to 
the floodplain. Bourgeois and Lavkulich (1972) studied the 
movement of water through soils of different productivity on a 
forested slope. They found that the major factor determining the 
amount of leachate collected from two soils was their position on 
the slope. In another study (Novak and Bertsch 1991) it was found 
that position on the slope had an influence on the composition of 
soils through its effect on soil moisture and drainage.

The relationship of the soils on the floodplain to stream 
ecology has also been investigated. Peterjohn and Correll (1984) 
found that the composition of both surface flow and ground water 
was changed as it passed through the riparian forest in the 
agricultural watershed they studied in Maryland. The chemistry of 
the water reaching the stream was affected by contact with the 
floodplain. In another agricultural watershed (Lowrance, Todd, 
and Asmussen 1984) the riparian zone served as an important buffer 
for the water moving from agricultural fields into streams.

The role of riparian zones on stream chemistry needs more 
study if we are to understand elemental dynamics in streams and how 
they affect the biotic components of stream ecology and stream 
water quality. Meyer et al. (1988), authors of a review of 
research done to investigate stream water chemistry, pointed out 
that little is known about the relationship of the flood plain to 
stream chemistry. The myriad effects of floodplain contact on 
streams—simple contact with soils rich in organic matter, exposure 
of a greater surface area of water to the atmoshpere, biological 
processes in floodplain soils—all have to be taken into
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consideration to fully understand stream dynamics.
Cuffney (1988) investigated the river-floodplain inter

action. His findings indicated that, with respect to organic 
matter inputs, floodplains may have a greater influence on adjacent 
streams than do upstream inputs. He concluded that, depending upon 
the annual hydroperiod (the fluctuation of the water table which

• tends to keep moist deeper or more shallow layers of the profile),
the near-shore topography, and the sediment load of the flowing 
water, floodplains can act as a sink or a source for organic matter 
in the stream.

It is important to understand the factors affecting the 
movement of major anions through soil. These anions play an 
important role in transporting nutrients from forest ecosystems 
(Johnson and Cole). According to cation exchange models, anions 
would be necessary to maintain neutrality of charge as cations move 
through the soil via the negative charges on soil particle 
surfaces. Feller (1977) monitored water moving through a forest 
ecosystem by sampling rain, throughfall, surface runoff, forest 
floor leachate, soil solution, and stream water. He noted that 
throughfall contributed more ions to the soil than did 
unadulterated rain water, and the ions were lost from the water as 
it passed through the soil.

It has been suggested that short term events such as rainfall 
should be studied in the effects they have on stream chemistry 
(Meyer et al. 1988). Investigators have also proposed that 
rainfall and subsequent above normal flow rates in both surface 
water and soil water can change normal flow patterns and the normal 
effects of soil on water passing through it (McDowell and Likens

® 1988). Bougeois and Lavkulich (1972) found variations in the
concentrations of several ions including chloride, phosphate, and 
nitrate over the course of their study. They suggested that high
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amounts of rainfall may have contributed to this.
There appears to be a need for research that addresses the

question of the influence of rain on the movement of nutrients 
through soil. In our study we began to address this.
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MATERIALS & METHODS

Site Description
The site for this study was within the Upper Three Runs 

Creek (UTRC) watershed on the Department of Energy's Savannah River 
Site, Aiken, South Carolina (see Fig. 1) . The Savannah River Site 
is located in the Aiken plateau of the Upper Atlantic Coastal Plain 
physiographic region (Novak and Bertsch 1991). The site included 
an upland region with slope averaging 15-20% and a bottomland 
region that included the floodplain of UTRC. The slope of the 
bottomland region ranged from 1-5% .

Three recognized geologic formations make up the geologic 
stratigraphy of the site. The deepest of these is the Congaree 
Formation. Thin beds of clay can be found throughout this 
formation, which is composed primarily of white clayey sand 
(Dennehy, Prowell, and McMahon 1989). Over the Congaree lies the 
McBean. The McBean Formation was formed from middle Eocene 
sediments (Novak and Bertsch 1991) in a near-shore marine 
environment (Dennehy et al. 1989). "Shell ghosts", the preserved 
remains of mollusks, are typically found in the McBean layers 
exposed in the road-cut near the site. The McBean contains layers 
of green montmorillonite clay, particularly prominent in the basal 
layers, and quartz sands and fine gravel (Dennehy et al. 1989). 
The surficial Barnwell Formation has at its base a thick layer of 
tan clay (Dennehy et al. 1989) . This clay layer serves as an 
effective barrier to the further downward passage of water, and 
probably directs the water downslope. This layer has been eroded 
downslope in some areas on the study site (J.M. Novak, personal 
communication). The soils on the upland region belong to the 
Lucy and Troup series. These soils are well drained and have a 
thick sandy layer at the surface (US Dept. of Agriculture 1990).
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Figure 1. US Department of Energy's Savannah River Site, 
Aiken, South Carolina. Asterisk indicates study site.
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Tree species commonly found growing in these soils are: Quercus 
laurifolia. 2. marilandica. 2« laevis. Pinus taeda, and Magnolia 
virginiana (Novak and Bertsch 1991). In the bottom-land regime, 
the soils are of the Pickney series. These soils are very poorly 
drained and are sandy throughout. The surface layers are black and 
rich in organic matter. The C horizon, the layer above the bedrock 
in the profile that has been little affected by weathering 
processes, is gleyed: it has a greyish color brought about by 
anaerobic conditions (US Dept. of Agriculture 1990). Vegetation in 
the bottomlands includes plants tolerant to the wet soils: Acer 
rubrum. Nvssa aguatica. Ilex opaca. and various ferns (Novak and 
Bertsch 1991).

Installation of field eguipment
A transect was established perpendicular to UTRC near the

Tyler Bridge. This transect consisted of ten sites approximately 
15 m apart from the top of the hill to the creek boundary. Tension 
lysimeters were installed at four of the sites on this transect 
(see Fig. 2.) Two of the nests (groups of lysimeters) were located 
in the upland regime and contained four lysimeters placed 0.5 m 
apart. Two of the nests were on sites in the bottomland and 
consisted of five lysimeters also 0.5 m apart. The lysimeters were 
installed to depths that corresponded approximately to the center 
of each major horizon (distinct layer in the profile), including 
the A, E, Bt (t denotes deposition of illuvial clay), and Cg 
(gleyed) horizons. Each of the lysimeters was leached with 
acid before installation. The lysimeters at site two were 
installed in December, 1989, 17 months before collection of 
samples, and were flushed (unused samples were collected) twice 
prior to beginning the experiment. The lysimeters at sites four, 
seven, and nine were installed in June, 1990, 11 months before
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sample collection, and were flushed once. To install the 
lysimeters, holes slightly larger than the diameter of the 
lysimeter were dug to the appropriate depths using a soil auger, 
the cups were immersed in silica flour to insure good contact with 
the soil, and the holes were back filled with the material removed 
from them.

Two throughfall collectors were installed on each of the 
four sites with lysimeter nests. These were located in random 
positions within 10 meters of the site center. Throughfall 
collectors were constructed of a four foot length of 2x4 with a 
shelf placed approximately eight inches from one end. These were 
buried in the ground so that the shelf was approximately three feet 
above the ground. Plastic one-liter bottles were placed on the 
shelf and held on by a length of plumbers' tape. These bottles 
were acid washed before sample collection. A plastic funnel was 
acid washed and covered with fiberglas mesh (also acid washed); a 
glasswool plug was placed in the neck of the funnel and replaced as 
necessary to keep out debris; the funnels were placed in the top of 
the bottles.

Rainfall collectors were of the same construction as the 
throughfall collectors. Three of these were placed in a clearing 
about 100 yards up the road from the transect. This was the 
nearest clearing we could find. When collections were made after 
a rainfall, in addition to the soil water and creek water samples, 
rainfall and throughfall samples were also taken. The rainfall 
samples were unadulterated rain. The throughfall samples were 
collected from the water that came through the forest canopy into 
our randomly placed collectors.

Sample Collection
Samples were collected 10 times during the period from May
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30, 1991 to August 30, 1991. A rain gauge placed near site two on 
the transect was monitored to determine rainfall on the transect. 
Five of the collections were during dry periods—there had been no 
rainfall for at least three days and in most cases not for four 
days. Five of the collections were after rainfall events—the 
lysimeters started collecting water within 24 hours after the rain 
stopped (see Fig 3) . To collect samples of soil pore water the 
lysimeters were placed under a vacuum using a vacuum hand pump. 
The vacuum on each lysimeter varied according to the success we had 
had obtaining water from that lysimeter previously. In no case was 
the vacuum above 60 cm Hg. For the first sample collections, the 
vacuum necessary was determined by the reading on a tensiometer 
placed near each lysimeter. The tensiometer measured the tension 
in the soil matrix. The tensiometers proved difficult to maintain, 
how-ever, and were not used throughout the experiment. After the 
first collections, experience dictated the vacuum necessary for 
each lysimeter. As much as possible, we attempted to obtain a 
uniform volume from each lysimeter and at each collection.

After the vacuum was applied to the lysimeters, 24 hours 
was allowed for the soil water to enter the lysimeter. A teflon 
tube of approximately three mm diameter was inserted into the 
lysimeter. The other end of the tubing went through a two-holed 
rubber stopper to open into an amber jar. A vacuum pump was 
applied to the other hole in the rubber stopper and water was 
collected by applying a vacuum to the amber jar. These collection 
lines (teflon tubing and attached cork) were acid washed before 
construction then used without washing between collections for the 
entire experiment. Each line was kept separate so that the same 
one was always used at each lysimeter.

Rainfall and throughfall samples were collected when the 
sampling was after a rainfall event. The bottles in the collectors
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were acid washed and replaced so that only the most recent rain was 
collected. During every sampling period, rainfall or dry,, a sample 
was taken from UTRC at a point where the transect intersected the 
creek.

Analysis
An aliquot was taken from each water sample for temperature 

and pH measurements performed in the field immediately after 
collection (Orion SA250 pH meter, Orion Research Inc., Cambridge, 
Mass.). The sample was then filtered through a 0.4 urn 
polycarbonate filter (Nalgene Corporation, Rochester, NY) that had 
been rinsed with at least 40 ml deionized water. The filtered 
samples were divided amongst three bottles: an amber jar for 
dissolved organic carbon analysis, a scintillation vial for cation 
analysis to which were added two drops Ultrex nitric acid, a small 
plastic bottle for anion analysis. The samples were kept on ice 
until brought back to the lab and then refrigerated. All bottles 
and jars used for sample collection were acid washed before use.

The samples were returned to the laboratory, and an aliquot 
of each sample was removed for measurement of elec-trical 
conductivity (Yellow Springs model 33, Yellow Springs Corp., Yellow 
Springs, OH). The samples were analyzed for dissolved organic 
carbon (DOC) (OI carbon analyzer, 01 Corp., College Station, TX) 
and samples were sent to the Chemical Analysis Laboratory, 
Institute of Ecology, University of Georgia, for cation and anion 
analysis. Mean concentrations of several chemical constituents of 
the soil pore water (Ca+2, DOC, Na+, SO4'2) in storm and nonstorm 
periods were compared using
a Student's t test.

The upland soils drained very quickly and were dry during

CORETTE LIBRARY 
CARROLL COLLEGE
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much of the study. We were unable to obtain enough samples to 
compare the upland soils with the bottomland soils. The bottomland 
soils held much more moisture and yielded water at most samplings. 
The data presented in this paper are those from the soil pore water 
collected from the bottomland soils comparing storm and nonstorm 
sampling periods.
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RESULTS

The concentrations of elements analyzed in rain and 
throughfall samples were inspected (see Table 1).

Table I
Concentrations of selected elements in rain 
and throughfall samples

avg. cone. avg. cone, in 
element in rain (ppm) throughfall(ppm)
Al+3 0 0
Ca+2 .48 1.69
cr .59 1.79
DOC 5.95 18.59
Fe+3 0 0
Mg+2 .17 .56
Na+ 1.38 1.43
PO/3 * 96.97
Si .59 .95
SO/2 .67 3.86
♦below detection levels

Four elements (see Tables 2-5) were examined using 
Student's t test to ascertain whether concentrations in soil pore 
water were different in samples collected during storm sampling and 
nonstorm sampling. The choice of these elements was based upon the 
focus of the larger project this study stemmed from, the 
availability of data points (there was not enough sample volume to 
run each analysis on every sample), and the attention each element 
has received in other research. In every comparison, the averages 
compared were from samples collected from one lysimeter only to 
reduce error introduced by the lysimeters.

For none of the chemical species considered was there a
15



significant difference (P>.05) between storm levels and non-storm 
levels.

Table II
Calcium concentrations in soil pore water: storm means vs.
nonstorm means (ppm)

lysi-
meter X

storm
n sd X

nonstorm
n sd t

9 9.57 5 1.96 7.96 4 1.01 1.32
10 6.53 5 .80 5.83 1 — **
11 6.13 4 .55 5.55 5 .56 1.37
12 4.45 5 .31 5.32 5 .85 1.94
13 7.78 5 1.71 6.53 5 .77 1.33
14 15.91 5 3.80 11.97 5 3.67 1.49
15 10.51 5 2.11 9.92 3 1.95 .34
16 10.80 5 .39 10.90 5 .47 .33
17 13.33 5 1.10 13.21 5 .57 .19
18 8.95 5 .59 9.21 5 .37 .75

** a t value for these means was not calculated, as only
one nonstorm sample was recovered
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Table III
DOC concentrations in soil pore water: storm means vs.
nonstorm means (ppm)

lysi
meter X

storm
n sd

nonstorm 
x n sd t

9 44.54 5 4.62 43.18 5 3.27 .48
10 20.14 5 4.55 23.40 1 — **
11 15.25 4 2.88 14.10 5 5.22 .35
12 17.92 5 10.57 9.46 5 3.04 1.54
13 12.14 5 7.60 15.84 5 .40 .97
14 27.02 5 16.56 30.24 5 13.86 .30
15 23.52 5 7.41 20.53 3 8.46 .45
16 19.12 5 3.96 16.36 5 4.63 .90
17 20.04 5 2.64 18.78 5 5.03 .44
18 11.24 5 4.94 10.70 5 3.87 .40

** a t value for these means was not 
one nonstorm sample was recovered

calculated, as only

Table IV
Sodium concentrations in soil pore water: storm means vs.
nonstorm means (ppm)

lysi
meter X

storm
n sd X

nonstorm
n sd t

9 1.62 5 .15 1.36 4 .16 2.28
10 1.93 5 .54 1.10 1 — **
11 1.56 4 .31 1.50 5 .13 .34
12 1.35 5 .28 1.63 5 .17 1.70
13 2.03 5 .32 1.99 5 .06 .24
14 1.94 5 .22 1.96 5 .18 .14
15 2.19 5 .25 2.32 3 .52 .41
16 2.85 5 .29 2.95 5 .30 .48
17 5.46 5 .53 5.32 5 .48 .39
18 2.38 5 .24 2.51 5 .17 .89

** a t 
one

value for these means was not 
nonstorm sample was recovered

calculated, as only
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Table V
Sulfate concentrations in soil pore water: storm means vs. 
nonstorm means

lysi- storm nonstorm
meter X n sd X n sd t

9 10.26 5 3.87 6.70 4 4.26 .48
10 6.32 5 3.61 2.20 1 — **
11 6.20 4 4.81 3.98 5 4.00 .35
12 3.42 5 2.06 2.56 5 1.43 1.54
13 6.98 5 3.61 2.96 5 1.54 .97
14 12.66 5 1.94 7.78 5 5.00 .30
15 7.62 5 2.41 5.50 3 1.82 .45
16 4.76 5 3.04 3.68 5 1.72 .90
17 4.90 5 3.36 4.24 5 3.49 .44
18 5.22 5 3.29 3.92 5 3.71 .40

** a t value for these means was not calculated, as only
one nonstorm sample was recovered
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DISCUSSION AND CONCLUSIONS

There has been much discussion about the validity of water 
samples collected with tension lysimeters. Problems associated 
with lysimeters have been sorption of ions to the ceramic cup 
(Grossman and Udluft 1991, Hansen and Harris 1975), leaching of

• ions out of new ceramic cups (Hansen and Harris 1975),
establishment of a suction gradient in the soil that causes over- 
sampling of channels along larger pores (Grossman and Udluft 1991), 
and an effect on composition of the leachate caused by different 
vacuum levels used to collect samples (Grossman and Udluft 1991; 
Hansen and Harris 1975; Haines, Waide, and Todd 1982). Therefore, 
care must be taken in interpreting the results of studies conducted 
with these instruments.

Hansen and Harris (1975) recommend using uniform cond
itions for different lysimeters where ever possible: uniform
initial vacuum, uniform sampler intake rate, uniform pore size in 
the ceramic cups. Also recommended was a short sampling period to 
reduce variations in sample quality caused by variations in the 
soil solution over time. Grossman and Udluft (1991) recommend a 
"stabilizing phase" be allowed after installation and samples be 
drawn before the experiment is initiated so the lysimeter can be 
conditioned. Starr (1985) concluded from his work with tension 
lysimeters that, while trends in soil water samples can be 
established using lysimeters for collection, care should be taken 
to use samples from the same lysimeters to calculate mean values 
for ions present. Where it was possible in our study, these
recommendations were followed to assure minimum error would be

S introduced by the sampling system.
Another bias introduced by tension lysimeters is bypassing 

of the macropore flow (Starr 1985, Grossman and Udluft 1991, Feller
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1977) . This means that only the contents of the micropores, the 
smaller spaces in the soil which tend to be filled with water most 
of the time, are sampled. The macro-pores, the larger spaces in 
the soil, drain quickly after they are filled (by precipitation, 
for example) and are not sampled by tension lysimeters. The water 
is pulled out of them more strongly by gravity than by the tension 
presented by the vacuum on the lysimeter. Although I found no 
significant differences in the chemistry of the water collected 
during storm and non-storm periods, it may be that any change 
occurred in the macro-pore contents, which moved quickly through 
the soil and were not sampled. This could be tested by the 
installation of zero tension lysimeters which do collect macropore 
flow.

Starr (1985) also warned that under dry soil conditions, 
water collected in tension lysimeters might represent water drawn 
by capillary action from deeper in the profile rather than that 
percolating down from surface horizons. This would tend to 
suppress trends caused by the rainfall, as the water sampled would 
have been in contact with the soil for a longer period allowing it 
to take on more of the characteristices of the surrounding soil. 
Some of our lysimeters could certainly have been so affected. 
There were sampling dates on which water was not collected from 
every lysimeter, even in the bottomland regime, because the soil 
was dry, particularly in the upper horizons.

The concentration of some elements in rain and throughfall 
clearly indicates that the forest floor is receiving some amount of 
these nutrients in incident precipitation, although our sampling 
methods did not intercept these nutrients con-tributed by rain and 
throughfall. Feller (1977) found that the concentrations of most 
cations, particularly potassium and calcium, increased in the 
passage of rain through the forest canopy, a phenomenon we also
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observed. The concentrations then decreased as the water moved 
through the soil and was collected with tension lysimeters. An 
identical trend was seen in sulfate concentrations. In another 
study (Qualls, Haines, and Swank 1991), throughfall was found to be 
an important con-tributor to the organic nutrients found in the 
uppermost, litter layer of the forest floor. McDowell and Likens 
(1988) found a similar decrease in DOC concentrations in soil pore 
water as samples were taken from successively deeper horizons. The 
B horizon in particular drew DOC out of the soil solution. These 
studies were all performed with tension lysimeters; the chemistry 
of water flowing through the profile in the macro-pores after a 
rainfall is still unknown. Bourgeois and Lavkulich (1972) 
concluded that most of the rain water entering the soil moved 
vertically through the soil until the moisture reached an 
impervious horizon, one of highly compacted material or having a 
high clay content. Water is enriched with organic matter (Qualls 
et al. 1991, McDowell and Likens 1988) and inorganic cations 
(Feller 1977) as it passes through the layer of litter on the 
forest floor. Further study is needed to determine the fate of 
these nutrients in the water flowing quickly through the profile: 
are they removed from the soil as in micropore flow (Feller 1977, 
McDowell and Likens 1988), or are they flushed through the profile 
to flow laterally upon reaching the impervious layer?

I have concluded that rainfall events do not affect the 
unsaturated portion of the soil solution—that contained in the 
micropores. It is possible that some of the nutrient content of 
the precipitation falling on the forest floor is percolating 
through the soil in the macropores. It seems likely that the 
chemistry of the leachate is greatly changed as it passes through 
the litter layer on the soil surface and the upper horizons. 
Completion of the objectives of the larger project of which this

21



study is a part should answer these questions and elucidate the 
cycling of nutrients through the landscape that includes this 
riparian zone and floodplain.
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