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ABSTRACT

The specific releasing rates of organic matter from stationary phase todissolved organic matter
for three sediments, obtained from Keelung River and Cherng-Ching Lake, were determined by
using a leaching method during a 126 day course. It is assumed that the releasing rate of dissolved
organic matter (DOM) form stationary organic matter is equivalent to the decomposition rate of the
stationary organic matter, which obeys first-order kinetic. The average value of specific releasing
rate constant (k) of every duplicate sediment samples was found ranging from 4.40 x 10 yr* to
8.11 x 10™ yr™*. The narrow range of k; value for sediments is within a factor of less than 2. Among
those selected properties of organic matter, such as total organic matter content, extractable organic
matter content and elemental composition of humic acid, higher (N + O) / C of humic acid seems
contributing to higher DOM releasing rate. It is postulated that (N + O) / C of humic acid, which
contributes to the hydrophilicity of natural organic matter, may be a possible parameter for
predicting ks value for other sediments. However, it should be further confirmed with more samples.

INTRODUCTION

Soils and sediments are major reservoirs of
inorganic and organic carbon in the nature. Litter or
newly added organic matter is labile and easily
degraded. Therefore, it is expected that large amount
of CO, and dissolved organic matter (DOM) are
produced in a short period of time [1]. However, the
pool of aged and humified natural organic matter
(NOM) has long term environmenta effects for its
extremely large size and continuous slow conversion
to CO, and DOM. Since the evolving rate of CO,, a
green-house gas, from the organic reservoirs to the
atmosphere has become an important environmental
issue, numerous experiments were conducted to
estimate the releasing rate of intermediate organic
compounds and the final products, including CO and
methane, from the decomposition of litter and plant
residues[1-2].

The organic constituents in sediments and soils
can be divided into two phases, the stationary phase
and the dissolved phase. The DOM in pore fluid or
bulk fluid can behave as both a pollutant itself that
contributes to the oxygen demand of groundwater or
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river waters and as a pollutant carrier that facilitates
the movement of pollutants. The migration of aldrin,
DDT and its daughter compounds is enhanced by
dissolved organic carbon, which is ssmulated with the
three-phase model more accurate than with the two-
phase model [3]. The apparent agqueous solubility of
selected PAHS increased when soil was leached with
organic matrix solution [4]. Dissolved
pentachlorophenol facilitates the release of soil
organics and colloids, which enhances transport of
contaminants through cosolvancy or colloidal
transport [5]. Enhanced dissolution of mercuric sulfide
by DOM, especiadly hydrophobic (humic and fulvic)
acids, was found [6]. C/ N ratio of soil organic matter
(SOM) influences the bioavailability of organic
carbon and also is an indicator of the degree of aging
for the organic matter. More humified soil shows
higher C/ N and higher C/ H ratio (aromatic fraction)
of humic components, which was found among 40 soil
samples[7].

Attempts have been made to establish
quantitative description of NOM decomposition,
DOM production and adsorption/desorption on sails.
Ligand exchange between carboxyl/hydroxyl
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functional group of NOM and iron oxide surfaces
dominates NOM adsorption/desorption on solid
particle [8]. Since the sorption of hydrophilic DOM on
mineral was suppressed by hydrophobic DOM under
conditions of limited sorption sites, hydrophilic DOM
may be the most mobile organic component in soil
solution [9]. The decomposition rate of SOM was
usually assumed to be linearly proportiona to the total
organic matter content, that is, following a first-order
kinetics. For example, the decomposition of labelled
ryegrass in the field for 10-year incubation followed
first-order kinetics [10]. Several studies on the
mineralization of carbon addition to soil indicated
first-order kinetics, which were reviewed by Huggins
et a. [11]. The decomposition rate constant for soil
mixed with alfalfa was determined by measuring the
decrease of carbon in soil that were kept bare for 15
years after the initial application. The decrease in
amounts of carbon showed first-order type
decomposition [12]. After an initia rush, the
controlling step of the decomposition of resistant
NOM to form DOM, which produces more vulnerable
organic matter for biological activities, may aso
follow the first-order kinetics. Without any externa
source, the only source of DOM is the stationary
organic phase in the sediments or soils. It isimportant
to know the releasing rates between the stationary
phase and the dissolved phase in soils and sediments
in order to properly predict the concentration and the
mass flux of DOM through the soil and sediment
column. The object of this study is, therefore, to
investigate the releasing rate of DOM from stationary
organic matter of sediment by leaching method.
Moreover, the possible effect of selected properties of
organic matter, such as extractable organic matter
content and elemental composition of humic acid, on
the specific releasing rate constant is discussed.

MATERIALSAND METHODS
Sample Preparation

Sediment samples were obtained beside the Dah-
Jyr bridge (sediment 1) and the Cherng-Der bridge
(sediment 2) over Keelung River in Taipel and from
Cherng-ching Lake (sediment 3) in Kaohsiung.
Keelung River has a catchment basin of about 500
km? and a total length of 86 km. This river receives
domestic sewage from the urbanized area. Dah-Jyr
bridge is located upper than Cherng-Der bridge along
the river. Cherng-Ching Lake is a man-made water
reservoir for receiving Kao-Ping river water and
responsible for the water supply source for Kaohsiung
city.

Leaching Experiment

In order to remove the DOM originaly
accumulated in the sediments, about 150 grams of wet
sample were washed with 200 ml distilled water three
times and were filtered through filter membranes with
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Fig. 1. Theleaching apparatus for the sediment sample.

size of 0.45 um (HV type, Millipore). Figure 1 shows
the apparatus of leaching experiment. A filter funnel
with afilter membrane of pore size 0.45 pm (142 mm
diameter) was connected to a leachate collecting flask.
Water soaked sediment sample (at water holding
capacity) with less than 3 mm in thickness was formed
on the filter membrane, which was equipped in the
filter funnel. The sample on the membrane was
incubated under water saturate condition, and was
leached with 20 ml milli-Q water every leaching run.
It is assumed that the leaching water amount was
sufficient to remove most DOM in the sample. The
leaching water was recovered as leachate after severa
minutes. The time intervals between two leaching runs
were shorter over early period in order to remove the
residue originadl DOM as soon as possible and then
were longer in order to obtain valid leachate sample
with total organic carbon concentration higher than
that of the instrument detection limit. Leachate was
immediately analyzed for dissolved total organic
carbon (TOC) content (TOC Analyzer, Mode 700, O.
I. Corporation). The instrument detection limit for
TOC was 10 ng C/L. The conversion factor of organic
carbon to organic matter was assumed to be 0.5 [13].
The residual organic matter content of the leached
sample was calculated as the difference between the
initial and the cumulative leached mass, i. e. the native
organic matter depletion dynamics was tracking by
measuring the TOC of the leachate. Evolved gasses
from the leachate or samples were neglected. The
initial organic matter content of soil and sediment was
determined by the loss of weight under 550 ignition
(OMy) [13]. The blank (the same apparatus without
sample) showed no significant atmospheric organic



carbon input and no interference from the filter
membrane.

Sample Characterization

Sample was subjected to sequential extraction to

Tablel. Thereleasing rate constants and the properties of the investigated sediments.

Sediment 1 Sediment 2 Sediment 3
ke (Lyr)@ 7.52x10™ 4.85x10* 7.41x10™
8.25x10™ 3.94x10™* 8.61x10™

Average k; (1/yr) 7.89x10 4.40x10™ 8.01x10™

OM%® 4.44 7.04 6.51

OMg, / OM % 8.80 8.81 29.8

OM,, / OM % 6.15 5.24 29.4

Humic acid®

H/C 0.12 0.12 0.12

o/C 0.431 0.299 1.39

N/C 0.175 0.067 0.090

(N+0Q)/C 0.506 0.367 1.48
Note: @ The row shows the duplicate values.

® The ratio is on the basis of dry weight.
©@H/C,C/0andC/ N arewt/wt ratio.

obtain the various fraction of organic matter [14]. First, dM.  dM
sample was extracted by a Soxhlet extractor with 300 T“ = ?5 =-k,M, 1
mL n-hexane for 48 hr. The extract was then subjected
to filtering, concentrating, drying and weighing. The M, . : .
above p?oc odure wasg reg eaﬁ%d with 9 303 L where p is the DOM releasing rate, M is the

chloroform. The fractions extracted in this procedure
represented the fraction of less hydrophilic organic
matter. Secondly, sample was extracted with 100 mL
0.1 M NayP,O7 (o in a shaker for 24 hr. The resulted
extract was centrifuged for 5 minutes (2000 g) and
filtered with a 0.45 um membrane. This procedure
was repeated with 100 mL 0.5 M NaOH s and then
with 100 mL D. I. water. The fractions extracted with
aqueous solution and water were combined and
defined as OM,,, which represented the fraction of
more hydrophilic organic matter. Total extractable
organic matter content (OMg) is referred to the
summation of the organic matter extracted with
organic solvent, with agueous solution and with water
[14]. The nitrogen content for sediment samples was
determined with the Macro-Kjeldahl method. Humic
acid (HA) was extracted from sediment with akaline
[15] and then was freeze-dried prior to being used.
The mgjor element composition (C, H, N and O) of
HA was determined by element analyzer (Perkin-
Elmer 240 C).

Estimation of the Specific Transformation Rate Constant

The decay rate of stationary organic matter is
assumed to be proportional to its content of sediment.
The releasing rate of DOM form stationary organic
matter is assumed to be equivalent to the
decomposition rate of the stationary organic matter,
and can be expressed as equation (1).

stationary organic content of sediment, t is the time
variable, and ks value is the specific transformation
rate constant. The TOC of leachate was measured and
was used to calculate the residual Mg of stationary
phase. The slope of the plot of In Mg vs. time during
the longer term is used to calculate k¢ value because
the residual original DOM, which might not be
flushed away by the washing treatment, affects the
curve during the early leaching period.

RESULTS
Properties of Sediment

Table 1 shows the specific releasing rate
constants and the properties of three investigated
samples. The weight percentage of the total organic
content for sediments 2 (OM; %) is dightly higher
than that for the others. However, both the ratio OMg,/
OM; and OM,,/ OM; are diversified between three
sediments. It implies that native organic matters have
different origins. It is postulated that the extractable
organic fraction of sediment 1 and sediment 2 may be
more drastically flushing away by the running river.
Therefore, the ratio of extractable fraction to the total
organic mater is lower for both of sediment 1 and
sediment 2 than that for sediment 3.

The lower H / C ratio of humic acid is attributed
to the generation of methane and water during
methanogenesis and dehydration involved in
humification process [7]. However, the H/C ratio,
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indicating the aromaticity of humic acid, shows no
difference between the three sediments (Table 1). It
seems that the humic acids of the three sediments are
in the similar stage of humification and H/C ratio of
them may be alittle significant factor in this study. On
the other hand, the higher (O + N) / C ratio of himic
acid indicates that humic acid is richer in hydrophilic
functional groups like —CO,H, COH and —NO,,
which implies
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Fig. 2. The ratio of leachate product to the organic
matter of stationary phase.

a higher solubility of humic acid to water. (O+ N)/C
ratio of himic acid for Sediment 3 is higher than that
for the other two sediments 2.9 to 4 times.

Native Organic Matter Depletion Dynamics

The accumulative leachate production ratio for
the three sediments, obtained with the organic content
of leachate divided by total organic content of each
sediment, increases rapidly during the first ten days
(Fig. 2). The initial stage for native organic matter
depletion dynamics is attributed to the residual DOM
remaining in samples after prewashing. There is no
lag during the leaching course implies that native
organic matter continues transforming into DOM. The
following constant production rate reached steady rate,
which obeyed first-order kinetic, and was adopted for
estimating the specific releasing rate constant (ks).

The Specific Releasing Rate Constant (ki)

The estimated k; value is shown in Table 1. The
result for each sediment shows good duPIicate. The
average k; value was found 7.89 x 107 yr, 4.40 x 10
*yrt and 8.01 x 10” yr* for sediment 1, 2 and 3,
respectively. The discrepancy of the ks values between
the three sediments was only up to afactor of 1.8.

DISCUSSION

The release of DOM is resulted from many
chemical and biological processes supposedly include-

ing dissociation, fragmentation, depolymerization and
solubilization. Evidences showed that the ratio of car-
bon fraction mineralized as CO, relative to the amount
of leached soluble organic carbon was ranging be-
tween 2.6 and 8, which depended on the conditions of
flooding and freeze-thaw to the soils [16]. Compared
with the residual SOM, the amount of gaseous prod-
ucts and DOM is small, which should have
insignificant effect on the estimation for the residual
SOM within the experimental period. At least, it has
no striking effect on the k; value estimates based on
short-term experiments (Fig. 2).

Among those properties for the investigated
sediments, higher (N + O) / C of humic acid seems
contributing to higher DOM releasing rate (Table 1).
However, it should be further confirmed with more
samples. In fact, the range of k; value for the three
sediments is surprisingly narrow, that is, within a
factor of less than 2. In other words, it is possible to
assign a fixed value to an estimate of ki value for
sediment with a bias even less than a factor of 2
without any knowledge of the properties of these
natural solids.

For the sediments, the total NOM (OM, %) is the
source for DOM, but its relative amount is less
relevant to k¢ value than the extractable component
(OM /OM¢ %). The contribution to ks is more from
the extractable component than from the tota OM,
which implies that extractability of OM could
represent the potential of OM mobility. Among three
extractable fractions, the one extracted with basic
agueous solution (OM,,) especialy shows close
relationship with k;. It is suggested that OM,, rather
than the fractions extracted with organic solvents
corresponds the most important part of the OMe. It
could be further postulated that the DOM is generated
from the hydrophilic fraction of total OM rather than
the hydrophobic fraction. Humic acid is also a part of
the extractable component. It is expected that the
characteristics of HA will have some relationships
with the value of ki From the viewpoint of
hydrophilic functional groups as a whole, the element
composition of oxygen and nitrogen should be
considered together. There is no definite correlation
could be found between OM humification situation
and its mobility, which reveds again that the
hydrophilic fraction corresponds the OM mobility as
af orementioned.

Some related first-order decomposition rate
constants of SOM found by other researchers are
listed in Table 2. The results of several simulating
events had been investigated. The reported
decomposition rate constants in soils are generally
larger than that of this study by a factor of about three
orders of magnitude and that in oceanic sediments are
close to that of this study. The differences between
literature and this study are supposedly attributed to
different soil history, treatment (aerobic or anaerobic,



flooded or not) and plant residual addition. Moreover,
oceanic sediments [17] are undisturbed and its
condition is much similar to that of this study, which
shows comparable decomposition rate to that of this
study. It is also postulated that the difference of
decomposition rate between soil and sediment may be

attributed to the texture.

Through the releasing rates of DOM from
sediments obtained from this study, we may better
estimate the source terms in the mass transport models
concerning the migration of DOMs in the sediment
bed. Moreover, it could be further utilized to estimate

Table2. Thefirst-order decomposition rate constants of SOM reported by other researchers under various conditions.

Rate constant (1/yr) Conditions Reference
1.96 x 102 t0 8.67 x 102 for soluble OCY Normal, flooding or freeze-thaw treatment [16]
6.08 x 10° t0 1.37 x 10™* for soluble OCY Nonflooding or flooded treatment [18]
1.83 x 102 to 1.42 x 10'* for total OC? Soil was added with afalfainitially and left bare for 15 yr [12]
3.2x 10®t0 2.75 x 10° for total OC in [17]

oceanic sediments?

Note: DThe data were derived with the results of cumulative carbon during a short-term period. The assumption for the ratio of total

organic carbon content to soil is0.02 wt/wt.
@ACited from the references.

the sediment oxygen demand loaded to the overlaying
water body. Future research is needed to expand the
investigated sample population with more various
types of sediments.
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