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INTRODUCTION
Numerous hydrologic, geochemical, and upland processes govern the distribution, transport and fate of dissolved and 
sediment-bound phosphorus (P) at the watershed scale. Phosphorus is released from upland soils during runoff events 
and transported to stream channels.  Once in the stream channel, the water interacts with sediments and soils which can 
alter bioavailability of P. Bank sediments play an important role in P retention and transport within stream systems 
because of their chemical and physical composition. Stream geomorphologic changes were noticed at Upper West 
Emma Creek watershed, which could affect the P adsorption behavior of  bank sediments. Therefore, chemical and 
physical characteristics of sediments were evaluated as a function of bank geomorphology type and average height. 

OBJECTIVE
To evaluate effects of stream geomorphology on phosphorus adsorption/desorption behavior at bank sediments and 
its influences on the stream water quality

METHODOLOGY
Eight stream bank profiles were selected along the main channel at Upper West Emma Creek Watershed.

Stream banks were categorized, based on height, as bank-type I (BTI) and bank-type II (BTII) with average heights of 53 
cm and 107 cm, respectively. BTI were sampled at three heights while BTII were sampled at four different heights.
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Stream water P concentration will be compared with EPCo 
from bank sediments to investigate if bank sediments may 

control the  P concentration in the surface water .
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RESULTS

Gravimetric moisture content in both BTI and BTII 
decreases as the height of the channel increases. 
For instance, samples that were taken at the water 
level (i.e., ho) exhibited the highest moisture 
content.

A similar tendency was observed for Freundlich parameters Smax and kL . That means that as the sediment location 
was higher on the bank, the sediments’ P adsorption capacities (Smax) as well as the P adsorption energies (kL) 
were lower. 

ho h1 h2
KL 0.68 0.21 0.09
Smax 206.3 152.8 126.1

ho h1 h2 h3
KL 0.32 0.25 0.23 0.23
Smax 138.8 120.1 83.4 70.25

Sediments with higher moisture content (i.e., 
closer to the water surface) had lower EPCo. EPCo h2

EPCo h1

EPCo ho
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Thus, sediments close to the water surface will 
tend  to maintain lower stream water DRP than 
sediments at h1 and h2

Equilibrium at zero net P sorption (EPCo) 

It is clearly observed that sediments located close to the 
water surface have a tendency to strongly bind 
phosphorous. In fact, soils at h2 released about twice as 
much phosphorous as soils at ho.  Furthermore, the release 
rate increased as a function of height (Eq. 2), where 
sediments at h2 had faster P release rates compared to ho. 

A multiple regression analysis showed that 
moisture, KL and Smax were best fit by Eq. (1) 
p<0.05, and EPCo, P release rate and Pw best fit by 
Eq. (2) p<0.005. 

Water surface characterization

When comparing bank sediment EPCo with 
DRP concentration  during storm and  base 
flow, it is noticeable that  sediments closer to 
the water surface (i.e., ho) will act as a P 
sink.   However,  sediments further from the 
water surface (i.e., h2) will desorb P during 
storm flow.

Case I : EPCo > DRP, Thus sediment will desorb P

Case II : EPCo < DRP, Thus sediment will adsorb P

• Sediments located at the top of stream banks (i.e., h2 or h3) have more potential to release phosphorus once in 
contact with the stream water.  

• Storm flow events will increase stream water interaction with h2 and h3 sediments, resulting in P desorption and 
increased dissolved reactive P concentrations in the stream water.

• Erosion of sediments located at the top of the bank may have a major impact on the phosphorus concentration and 
transport in the  stream water. 

• Bank stabilization maybe an important best management practice for reducing P transport in watersheds with type F 
channels.

CONCLUSIONS
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Bank Type
height (cm)

Average

I
ho 0.00
h1 24.1
h2 53.3

II
ho 0.00
h1 31.1
h2 67.3
h3 107.3

q = mass of P released, t = time, and α, and β are 
constants.

δq / δt = α exp (-β*q ) Elovich equation
q  =     Smax * KL * Ceq

(1+KL* Ceq)
Langmuir equation

• Oxalate extractable Al, Fe, and P.
• Particle size distribution (not shown)
• Water extractable P (Pw)

Moisture % = α0 + α1h + α2t + α3ht    (Eq. 1) 

EPCo = β0 + β 1h + β 2ht                    (Eq. 2)
Where h refers height and t refers to Type
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