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ABSTRACT: The erosion of kaolinite sediments with various con-
centrations of adsorbed natural aquatic organic matter was studied. Ex-
periments were conducted in a recirculating flume under uniform flow
conditions. The erosion rates were generally lower at the lowest and
highest concentrations of adsorbed natural organic matter (NOM) tested.
The erosion rates for the intermediate concentrations of adsorbed NOM
were slightly higher. As the concentration of adsorbed NOM increased,
the water content of the sediment decreased dramatically. This was
probably the result of the reorientation of the sediment particles from
mostly edge-to-face associations at lower NOM concentrations to mostly
face-to-face associations at higher NOM concentrations. The erosion
rates increased linearly as bed shear stress increased for all concentra-
tions of adsorbed NOM. The critical shear stress generally decreased as
the concentration of adsorbed NOM increased. This result is significant
because sediments with higher concentrations of organic matter may be
more reactive with environmental contaminants and may also be more
susceptible to erosion. Water Environ. Res., 70, 268 (1998).
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Introduction
To assess the water quality effects of eroding sediments, a

critical research need is to predict the rate at which fine cohesive
sediments are resuspended into the water column under specific
hydrodynamic conditions. However, determining the erosion or
resuspension flux relationship remains one of the most challeng-
ing aspects of modeling the bed-exchange process (Bedford,
1992). The expression proposed by Kandiah (1974), Arulanan-
dan (1975), and Ariathurai and Arulanandan (1978) is the most
commonly used equation to determine erosion rates because of
its apparent general applicability (Mehta, 1991), and it is often
incorporated into sediment transport models (for example,
Hayter and Pakala, 1989, and Lee et aI., 1994). The erosion
rate of cohesive sediments depends on the excess shear stress
in an expression of the form

(1)

where

E = erosion rate per unit area, kg/m2• s;
M = erosion rate coefficient, kglm2• s;
Tb = bed shear stress exerted by the fluid, N/m2; and
Tc = critical shear stress at which erosion begins, N/m2.

In this expression, erosion is related to macroscopic bed shear
stress Tb by means of empirical coefficient M and critical shear
stress Te. The usefulness of this relationship depends on the
determination of M and Te, which is often unique to a given
sediment and water system. The values of M and Tc are related
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to physicochemical parameters like the type of clay, sediment
water content, total salt concentration, ionic species in the water,
pH, and temperature (Mehta et aI., 1989). Values of M may
range from 10-4 to 10-2 g/cm2• min, and Te can range from
almost zero for organic-rich floes to 10 N/m2 for hard soil
deposits (Lavelle and Mofjeld, 1987, and Mehta, 1988). Other
relationships for erosion and sediment transport have been pro-
posed (for example, Ariathurai and Krone, 1976, and Parchure
and Mehta, 1985), but these also require the determination of
empirical coefficients, which depend on the surface chemistry
of the sediment particles and the water chemistry of the eroding
fluid.

The clay mineral particles that compose cohesive sediments
have net surface charges resulting in electrostatic (attractive or
repulsive) forces as well as van der Waals (attractive) forces.
Cohesion of particles is caused by net attractive interparticle
forces. In addition, most clay mineral particles that are sus-
pended in natural aqueous systems are negatively charged as a
result of the adsorption of natural organic matter (NOM) (Davis,
1982; Tiller and O'Melia, 1993; and Tipping and Cooke, 1982).
Natural organic matter is a complex mixture of decomposing
plant and animal residues, viable and nonviable microorgan-
isms, and other microbiologically synthesized substances
(Schnitzer and Khan, 1972, and Thurman and Malcolm, 1983).

Adsorbed NOM can significantly affect the behavior of col-
loidal particles composing fine-grained cohesive sediments by
influencing the strength of interparticle bonds in clay sediments
(Bennett et aI., 1991). Interactions of NOM with clay mineral
particles affect the stability of sediments by causing either ag-
gregation or dispersion, depending on the properties of both the
particles and the NOM. Also, clay particles with organic coat-
ings have a high adsorptive capacity for metals and hydrophobic
organic contaminants (McCarthy, 1993; Murphy et al., 1994;
and Stevenson, 1985).

A comprehensive review of the literature indicated that the
influence of aquatic NOM has not been adequately addressed
in previous studies of the erosion of cohesive sediments. The
few studies that have attempted to assess the effects of organic
matter (for example, Kandiah, 1974, and Otsubo and Muraoka,
1988) have been inadequate primarily because of the use of
organic materials, such as steer manure, starch, and agar, that
are not representative of the aquatic NOM present in all natural
waters.

Continuing research is attempting to link the behavior of clay
particles on a microscopic level to the hydrodynamic conditions
that cause erosion on a macroscopic level. Specific objectives
of the research are to investigate the effects of NOM, ionic
strength, and pH on the erosion and transport of cohesive sedi-
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ments and relate the results to microscopic, interparticle forces
including electrostatic, van del' Waals, Born repulsion, and hy-
dration forces (Dennett et at., 1995; Mahmood, 1996; Raveen-
dran and Ami rtharajah , 1995; and Sturm et ai" 1994), This
research has applications in the areas of transport and fate of
adsorbed contaminants, sediment transport, reservoir manage-
ment, maintenance of navigation waterways, and disposal of
channel dredging spoils.

Methodology
This investigation examined the effects of aquatic NOM on

the erosion and transport of kaolinite sediments. A suspension
of pure kaolinite (Hydrite Flat D, Dry Branch Kaolin Company,
Union, New Jersey) was prepared by mixing 800 g of dry clay
with 3.2 L of a solution of tap water (pH 6.6 and ionic strength
= 0.001 M) and various volumes of concentrated dissolved
organic matter (0 to 2.8 L). The suspension was mixed for I
hour and then poured into a sample tray with dimensions of 30
em X 10 em X 2.5 em deep. The suspension was allowed to
settle quiescently into the sample tray for 24 hours. After set-
tling, the sediment sample tray was placed into the bed of a
recirculating flume,

Because the sediment suspension was allowed to settle under
quiescent conditions, the bed structure was more representative
of a natural, partially consolidated deposit. A review of previous
investigations of cohesive sediment transport by Hunt and
Mehta (1985) demonstrated that placed beds, compacted beds,
and remolded beds have a more uniform bed structure with
depth, unlike the stratified bed structure typical of natural, par-
tially consolidated deposits.

Because the settling period for sample preparation was lim-
ited to 24 hours, most of the sediment samples behaved as
partially consolidated samples. In general, partial consolidation
results in a high initial rate of erosion that gradually tapers to
zero when the bed is eroded down to a layer where the critical
shear stress approaches the bed shear stress exerted by the flow
(Hamm and Migniot, 1994).

Dissolved NOM from the Suwannee River in Georgia was
used for this study because the river is designated by the Interna-
tional Humic Substances Society (Denver, Colorado) as the
source water for a reference stream humic substance (Averett et
ai., (994), and it has been used extensively in previous research
(Amirtharajah et at., 1993; Dennett, 1990; Dennett et at., 1995;

Dennett et ai,

and Perdue, 1989). The organic matter was isolated and concen-
trated by reverse osmosis to 850 mg CIL using the procedure
of Serkiz and Perdue (1990).

The amount of NOM adsorbed to kaolinite, expressed as
percent organic carbon, was determined from a carbon balance
by measurement of the organic carbon concentration of the
supernatant after the 24-hour settling period using a Dohrmann
DC-180 carbon analyzer (Rosemount Analytical Division, Santa
Clara, California). (The organic carbon could also be expressed
as milligrams carbon per gram sediment.) Experiments were
performed at 11 different concentrations of adsorbed NOM
ranging from 0 to 0.091 % organic carbon (0 to 0.91 mg C/g
sediment) and with bed shear stresses ranging from 0.97 to 1.67
N/m2• For comparison, Murphy et al. (1994) studied the sorption
of organic compounds on kaolinite with concentrations of ad-
sorbed humic substances ranging from O.Ol to 0.5% organic
carbon.

Properties of the kaolinite suspensions tested are given in
Table 1. The dramatic decrease in the sediment water content
from approximately 180% to approximately 60% as the amount
of adsorbed NOM increased should be noted. Possible effects
ofthe variations in pH and ionic strength of the kaolinite suspen-
sions are described later in the Discussion.

Experiments were conducted in a rectangular recirculating
flume, which was 0.38 m wide and 6.1 m long. Plan and profile
views of the flume are shown in Figure I. Experiments were
performed under uniform flow conditions at two different bed
slopes (0.002 and 0.003 mlm) and three different flows (6.2,

8.3, and 9.8 Lis). The flow was controlled by a variable-speed
Moyno progressing cavity pump (Robbins and Meyers, Inc.,
Springfield, Ohio). The depth of flow ranged from 42 to 67
mm, the velocities ranged from 0.33 to 0.45 mis, and the bed
shear stresses ranged from 0.97 to 1.67 N/m2•

Velocity profiles were measured along the flume at various
stations using a pitot tube connected to a pressure transducer.
These stations were located at distances of 3.7 to 4.6 m down-
stream from the flume inlet, and the test section for sediment
samples was located 4.3 m downstream from the flume inlet.
The measurement of the centerline velocity profiles in the vicin-
ity of the test section indicated that the boundary layer was
fully developed. The centerline velocity profiles were used to
determine the shear stress in a central core of the flow at the test

Table 1-Properties of kaolinite suspensions with adsorbed NOM.

Volume of NOM Organic
added to carbon in Sediment water

suspension, mL sediment, % Ionic strength, M Suspension pH content, % ~-potential, mV

0 0,000 0,0048 5.03 183.1 -31.6
30 0,002 0,0051 4.92 187.1 -32.1
60 0,004 0,0055 4.87 174.8 -28,8
90 0.006 0,0051 4.82 163,9 -28.9

120 0.009 0.0054 4.78 156.6 -29.0
150 0.011 0.0051 4.71 137.7 -32.3
180 0.012 0,0052 4.69 61.8 -31.6
700 0.Q38 0,0065 4.11 57.9 -28.7

1400 0.061 0.0068 3.52 69.6 -32.2
2100 0.077 0.0082 3.33 78.8 -22.7
2800 0.091 0,0096 3.13 83.3 -15.5
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ticle size distribution, pH of the sediment suspension, tempera-
ture, total suspended solids, specific conductivity, 1;-potential,
nonpurgeable organic carbon, and water content of the sediment
samples. Additional details of the experimental methodology
were provided by Dennett (1995).
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Figure 3- Typical cumulative mass curve for an erosion
event.

Figure 2- Typical concentration profile for an erosion
event.

Results
The focus of the current research was on a surface layer of

sediment (Stolzenbach et al., 1992) and the physicochemical
changes in its structure, and thus its erodibility, resulting from
the addition of organic matter. Typical applications include
peaking hydropower releases in rivers for a few hours per day
and tidal flows in estuaries, for which settling time is approxi-
mately 1 day or less with the formation of a thin surficial sedi-
ment layer (approximately 1 cm or less) that is subject to re-
peated deposition and resuspension cycles. Because sediment
deposits that form under these hydrodynamic conditions will
be partially consolidated, physicochemical parameters will
likely have more influence than the degree of consolidation on
the erodibility of the surficial layer of these sediments. For these
types of sediment deposits, it was found that Equation 1 was
applicable with parameters that were responsive to physico-
chemical changes in terms of an average critical shear stress
and a constant initial erosion rate for the surface layer. The total
mass eroded was also analyzed and exhibited similar trends
to the initial erosion rate. Erosion rates occurring later in the
experiment might have been influenced by changes in the ap-
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Figure 1-Plan and profile of recirculating flume.

section by measuring the slope of the semilogarithmic velocity
profile near the bed (Vanoni [Ed.], 1975). The shear stresses so
determined agreed with the values calculated from the uniform-
flow formula.

The flume bed was filled with a fine aggregate having a mean
particle size of 3.5 mm. For all of the flows and flume slopes
tested, the boundary Reynolds number, R*, had a value of more
than 100, indicating fully rough turbulent flow, which would
be expected in the natural environment. The critical shear stress
was determined by extrapolating the linear erosion rate versus
shear stress relationship to zero erosion rate, and these values
of critical shear stress also resulted in R* values of more than
100, indicating fully rough turbulent flow.

As a further check on whether the turbulent boundary layer
was fully developed at the test section, a momentum integral
analysis was performed using a one-sixth power law approxima-
tion for the velocity profile and the Keulegan equation for the
friction factor in fully rough turbulent flow in open channels
(Henderson, 1966). The analysis indicated a fully developed
boundary layer at lengths greater than approximately 20 depths
for all flows and slopes tested, while the test section was located
at least 50 depths downstream for all tests.

During an erosion event, a sample stream was taken continu-
ously at the centerline of the flume tailgate downstream from
the sediment sample tray and was passed through a dynamic
light obscuration particle monitor (Model PM 2500, Chemtrac
Systems, Inc., Norcross, Georgia). Voltage readings from the
particle monitor continuously indicated the relative concentra-
tion of particles and were transmitted to a computer data acquisi-
tion system. The voltage readings were converted to the concen-
tration profile for an erosion event using a calibration curve for
the kaolinite suspension. A typical concentration profile is
shown in Figure 2. The concentration profile was subsequently
used to construct the cumulative mass curve shown in Figure
3. Because the flow was being recirculated through the flume,
samples were also taken upstream from the sediment sample
tray to monitor the background concentration of particles. When
the background concentration and the centerline concentration
were equal, erosion of the sediment sample had stopped.

Other parameters that were routinely monitored included par-
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Figure4-Variation of initial erosion rates with adsorbed
NOM concentrations of 0 to 0.012% organic carbon.

Figure 6-Estimation of critical shear stress for lower
NOM concentrations.

plied shear stress because of localized changes in depth caused
by lowering of the sediment surface as erosion progressed, as
well as by some stratification within the sediment sample.

For each experiment, the initial erosion rate E in Equation I
was calculated from the initial slope of the cumulative mass
curve. In Figure 3, for example, the initial erosion rate is 450
mg/s or 0.015 kg/m2/s, based on the 300-cm2 surface area of
the sediment sample exposed to flow in the flume,

The variation in initial erosion rate with concentration of
adsorbed NOM in the sediment over a range of bed shear
stresses is shown in Figure 4, As the bed shear stress, Th, in-
creased, the initial erosion rates also increased, For each bed
shear stress, erosion rates were typically lowest when no NOM
was adsorbed. Erosion rates generally increased to a maximum
at NOM concentrations of approximately 0,006 to 0.009% or-
ganic carbon and then declined as the concentration of adsorbed
NOM increased further. Figure 5 shows the variation in initial
erosion rate for concentrations of adsorbed NOM up to 0.091 %
organic carbon at a bed shear stress of 0.97 N/m2• The erosion
rates at and above an adsorbed NOM concentration of 0.038%
organic carbon were similar to those at no adsorbed NOM,

For each concentration of adsorbed NOM in Figure 4, the
variation of the initial erosion rate with bed shear stress is shown
in Figure 6 for lower concentrations of adsorbed NOM (0 to
0,006% organic carbon) and in Figure 7 for higher concentra-
tions of adsorbed NOM (0.009 to 0.012% organic carbon). The
coefficients of determination (R2) for the linear plots in Figures
6 and 7 range from 0.831 to 0.998, The critical shear stress, Teo

required to initiate sediment erosion can be estimated from these
plots by extrapolating to an erosion rate of zero (that is, x-
intercept). The variation of critical shear stress T •.with the con-
centration of adsorbed NOM is shown in Figure 8.

By using the values for the critical shear stress with Equation
I, erosion rate coefficient M can be determined for each of the
adsorbed NOM concentrations from the slopes of the lines
shown in Figures 9 and 10. Variation in erosion rate coefficient
M with the concentration of adsorbed NOM is illustrated in
Figure II. If a linear relationship is assumed for the change in
critical shear stress with the concentration of adsorbed NOM
(that is, best-fit straight line shown in Figure 8), then the varia-
tion of M is reduced.

Discussion
Results of the flume experiments indicated that the intermedi-

ate concentrations of adsorbed NOM (approximately 0,006 to
0.009% organic carbon) increased the initial erosion rates of
the kaolinite sediments. When the concentration of adsorbed
NOM was increased further, the initial erosion rates declined
as shown in Figures 4 and 5, This suggests that settled kaolinite
existed in a relatively stable state for adsorbed NOM concentra-
tions greater than 0.038% organic carbon up to 0.091 % organic
carbon because there was no significant variation in the initial
erosion rates in this higher range of adsorbed NOM concentra-
tions. In terms of comparison with other research on kaolinite,
it was noted previously that Murphy el ai, (1994) studied the

Figure5-Variation of initial erosion rates with adsorbed
NOM concentrations of 0 to 0.091% organic carbon at
Tb = 0.97 N/m2•

Figure 7-Estimation of critical shear stress for higher
NOM concentrations.
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sorption of hydrophobic organic compounds on kaolinite coated
with humic substances, and the organic carbon content resulting
from the sorbed humic substances ranged from 0.01 to 0.5%.
Edwards et al. (1994) conducted a study on sorption of organic
compounds to sediments with organic content ranging from
0.034 to 0.053% organic carbon. In a study by Kile et al. (1995)
on the sorption of organic contaminants to numerous different
natural sediments, values for the organic carbon content varied
widely, from approximately 0.1% up to more than 6%. Thus,
the higher range of organic carbon content in this study falls
well within the ranges studied by Murphy et ai. (1994) and
Edwards et al. (1994), while falling in the lower range of values
found by Kile et ai. (1995).

These experimental results can be explained on the basis of
the types of particle associations that occur for platelike clay
particles such as kaolinite. The three possible particle associa-
tions are edge-to-face (EF), edge-to-edge (EE), and face-to-face
(FF) (van alphen, 1977). Characteristic properties of sediments
with the various particle associations are shown in Figure 12.
Bennett et at. (1991) reported that on initial aggregation, parti-
cles typically have an EF orientation that is controlled by varia-
tions in charge density on the particle surfaces. A sediment with
EF associations is characterized by a random arrangement of
multi plate particles with minimal area of particle contact, a high
porosity, and, therefore, a higher water content. If bonding at
the point of particle contact is not strong, particles may reorient
to an FF configuration in which van der Waals forces become
more significant. A sediment with FF associations has a more
dense, tightly packed arrangement with a lower water content.

The rapid settling of the suspension during preparation of the
sediment samples and the relatively high water content of the
sediment when no NOM was added (approximately 180% [see
Table 1]) suggest that the kaolinite was flocculated with mainly
EF particle associations. From unpublished results of Ghosh
and Varadachari reported by Wershaw (1991), and the study
by Murphy et al. (1994), it may be inferred that the negatively
charged macromolecules of NOM adsorb mainly at the posi-
tively charged edge sites of kaolinite. Therefore, as the concen-
tration of NOM was increased, the number of EF associations
that formed was reduced. At high concentrations of adsorbed
NOM, mainly FF associations would be expected.

As the NOM concentration increased, the water content of
the settled deposits decreased dramatically, from approximately
180% to approximately 60% as indicated in Table 1. The minor
variation in 1,;-potential over the range of NOM concentrations
tested suggests that the kaolinite particles in the suspensions
continued to flocculate. A very low porosity sediment exhibits
a relatively high packing density and low water content, charac-
teristic of FF particle associations. This would suggest that the
clay particles reoriented from an EF association at low NOM
concentrations to FF associations at higher NOM concentra-
tions. For the intermediate concentrations of NOM, a mixture
of EF and FF particle associations would result in a nonuniform
sediment bed structure and, therefore, higher erosion rates.

In general, the critical shear stress decreased as the concentra-
tion of adsorbed NOM increased, as shown in Figure 8. This
suggests that kaolinite sediments with higher concentrations of
adsorbed NOM are less resistant to erosion because a lower
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for lower NOM concentrations.

Figure 11-Variation of erosion rate coefficient M with
amount of NOM adsorbed.
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bed shear stress is needed to initiate erosion. This finding is
significant because sediments with higher concentrations of ad-
sorbed organic matter may be more reactive with environmental
contaminants and may also be more susceptible to erosion.

The decline of critical shear stress with increasing concentra-
tion of adsorbed NOM is consistent with the concept of reorien-
tation of sediment particles from EF to FF particle associations.
The increase in FF associations apparently resulted in a weaker
overall bed structure, causing sediments with more adsorbed
organic matter to begin eroding at a lower shear stress.

The linear increase in the erosion rates with increasing nondi-
mensional excess shear stress, as shown in Figures 9 and 10,
suggests that Equation 1 is suitable for predicting the erosion
of the kaolinite sediment. However, specific reasons for the
irregular trend in M shown in Figure 11 are unknown. Perhaps
the increase in M for the NOM concentration of 0.004% organic
carbon may be the result of an intermediate particle configura-
tion or physicochemical environment that provided more stabil-
ity than the other concentrations of NOM that were tested.

Differences in the pH and ionic strength of kaolinite suspen-
sions can affect the adsorption of NOM and may have intro-
duced some variations into the results. The extent of adsorption
of NOM is controlled by the properties of the mineral surface
and the structural configuration of organic molecules in solution
before adsorption and on the mineral surface following adsorp-
tion (Murphy et at., 1994). The extent of coverage on a mineral
surface by adsorbed NOM is dependent on pH, the relative
amounts of surface area and adsorbable organic compounds,
the mineralogy of the solid surface, and the inorganic electrolyte
composition (Davis, 1982, and Stevenson, 1985).

Variations in ionic strength from approximately I = 0.005 to
I = 0.0] and suspension pH from approximately pH 3 to pH
5 (see Table I) likely had some effects on the structure of
macromolecules in the NOM and, subsequently, the surface
coverage by adsorbed NOM on kaolinite. Higher pH (pH 5)
and lower ionic strength (I = 0.005) conditions likely resulted
in a more extended, open formation that allowed macromole-
cules to adsorb on the mineral surface in an elongated configu-
ration that maximized surface coverage (Ghosh and Schnitzer,
1980, and Murphy et at., 1994). Lower pH (pH 3) and higher

May/June 1998

Dennett et al.

ionic strength (I = 0.01) conditions likely promoted a more
coiled configuration with incomplete surface coverage (Murphy
et at., 1994). When surface coverage is incomplete, with open
sites available for adsorption, dangling tails can adsorb to the
surfaces of adjacent clay particles, leading to aggregation by
polymer bridging (O'Melia and Tiller, 1993, and Sumner,
1992). Because this type of particle aggregation may not occur
uniformly or predictably at a given NOM concentration, some
variation in the results should be expected.

However, the data set used for analysis of critical shear stress
Tc and erosion-rate constant M in Figures 4, 6, 7, 8, 9, 10, and
II includes only samples with lower organic carbon contents,
ranging from 0 to 0.012%. For this portion of the data set,
variations in pH and ionic strength were minor, with pH ranging
from 5.03 to 4.69 and I ranging from 0.004 8 to 0.005 2 M,
respectively.

Conclusions
The results of these flume experiments can be explained on

the basis of how the concentration of adsorbed organic matter
affected the types of particle associations that occur in clay
sediments. Without the addition of organic matter, associations
among kaolinite particles were predominantly edge-to-face be-
tween the positively charged particle edges and the negatively
charged particle faces. Settled suspensions with edge-to-face
associations had a relatively high water content. With the addi-
tion of organic matter to the suspension, negatively charged
organic molecules adsorbed to the positively charged edges. As
the concentration of organic matter increased, the pH decreased
from 5 to 3 and the organics had fewer negatively charged sites
and coiled conformations. These effects resulted in face-to-face
associations in the settled suspensions becoming more common.
Sediments with face-to-face associations had a low porosity and
low water content.

The initial erosion rates of kaolinite sediments with no ad-
sorbed organic matter were the lowest because of the predomi-
nance of edge-to-face associations. The erosion rates were the
highest for the intermediate concentrations of adsorbed organic
matter (approximately 0.006 to 0.009% organic carbon) be-
cause the sediments consisted of a nonuniform mixture of
particles with both edge-to-face and face-to-face associations.
These particle structures resulted from the additional negative
charges and steric effects of the NOM. At higher concentra-
tions of adsorbed organic matter (0.038 to 0.091 % organic
carbon) and lower pH conditions (pH < 4), the structures
collapsed to face-to-face associations and the erosion rates
were similar to those with no organic matter. Without the
addition of organic matter, face-to-face associations will only
predominate at high pH (pH> 7).

For the lower concentration range of adsorbed organic matter
(0 to 0.012% organic carbon), the critical shear stress decreased
as the concentration of adsorbed organic matter increased. This
result is consistent with the gradual reorientation of particles
from mainly edge-to-face associations to more face-to-face as-
sociations as the concentration of adsorbed organic matter in-
creased. The increase in face-to-face associations apparently
resulted in a weaker overall bed structure that caused sediments
with more adsorbed organic matter to begin eroding at a lower
shear stress.

The values of the erosion rate coefficient M did not vary
predictably, perhaps because of the different confomlational

273



Dennett et al.

states of NOM that may occur with changes in pH, ionic
strength, and the concentration of organic matter. Changes in
the conformational state of organic macromolecules with pH
will influence particle aggregation resulting from polymer
bridging.

All particles in the natural environment are exposed to or-
ganic matter. Because NOM can have a significant effect on
particle behavior, further study of its effects is warranted.
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