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1. Introduction

Eutrophication is one of the serious problems in the marine environ-
ment which can lead to a large scale growth of algae. This phenom-
enon in the coastal waters can occur by the input of various waste 
sources which is derived mainly from industrial wastewater, agri-
cultural, and aquaculture activities (e.g., fish and oyster farm), 
etc. Eutrophication is an enrichment of water with nutrients, pri-
marily phosphorus, nitrogen, and much amount of organic matter, 
which stimulates primary production [1]. Nitrogen is an essential 
nutrient for biological productivity and therefore plays an im-
portant role in the marine environment. The eutrophication prob-
lem suggests that the excess nutrient input enshroud the ability 
of bodies of water to self-purify, thereby changing the nature of 
the ecosystem and leading to phytoplankton blooms [2-4]. The 
initial source of eutrophication causes an increase in chlorophyll-a. 

It is a common indicator for the presence of algae and often consid-
ered as the dominant factor or assessing eutrophication [5]. 
Resuspension of particulate matter can raise primary production 
because of the intrusion of the sediment pore water rich with 
nutrients into the bottom layer and consequently into the whole 
water column from the sediments [6]. Over time, nutrients could 
also prolong in the sediment and make the potential for an internal 
load that can be recycled back into the water column under different 
environmental conditions [7]. The concentration of nitrogen in 
the overlying water of marine environments, which comes from 
sediment, is regarded as a major component of the internal source. 
Such nitrogen release from bottom sediment may have a significant 
impact on water quality and may result in continued eutrophica-
tion, which might give a negative impact on economic and social 
development.

The southeast coastal area in South Korea is one of the most 
productive oyster-farming waters in the world, with shellfish-farm-
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ing constituting a large part of the regional economy. According 
to the ministry of oceans and fisheries in Korea, produce 290,000 
tons of oyster shells every year. Some discarded oyster shells are 
substituted for limestones in fertilizers and feed for chickens, while 
remain is left piling up in the seashore of south coast area which 
becomes a serious environmental issue [8]. While several studies 
have been published on the applications of waste oyster shells 
as a soil conditioner, construction material, catalyst, and filtering 
medium, there is little information on the application of the oyster 
shell powder to remediating contaminated sediments [9-12]. Since 
the coastal sediments are rich in organic matter, using recycled 
oyster shell powder to reduce nutrients from the sediments will 
be compatible with the objectives of recycling and environmental 
restoration.

Recycled oyster shell powder is supposed to slowly decompose 
in contact with water to result in the release of its oxygen. The 
released oxygen can promote contaminant’s oxidation and enhance 
in situ aerobic microbial degradation [13, 14]. These compounds 
can build up an aerobic condition in mid of the sediment to stimulate 
the activity of aerobic bacteria. Oxygenation is an important factor 
for remediation [15]. It is reported that calcium peroxide reacts 
with water and produces calcium hydroxide to raise pH and to 
form an oxic environment over the sediment with generated oxygen 
[16]. In addition, the reduction of nutrients release flux from the 
organically enriched sediment should be regarded as an urgent 
agendum to be under control.

The main purpose of this study is to: (1) evaluate the performance 
of raw oyster shell powder (ROSP) and treated oyster shell powder 
(TOSP) application to organically enriched coastal sediment and 
water to diminish eutrophication; (2) investigate the influence 
of pH, dissolved oxygen (DO), chlorophyll-a, and chemical oxygen 
demand (COD) on nitrogen nutrients (ammonium nitrogen, nitrate 
nitrogen and nitrite nitrogen) release from sediment by using oyster 
shell powder. Each experiment was designated not to contaminate 
water during sampling by using a separate basin. This study will 
provide helpful information for the practices of endogenic release 
presumption and for the improvement of the marine environment 
proximity to reduce the release intensity.

2. Materials and Methods

2.1. Sample Collection and Study Area

Marine sediment and water samples were collected near a marine 
college in the city of Tongyeong (34°50′28.5″N128°28′16.4″E), in 
the southeast coast of South Korea. The sampling site was chosen 
by its malicious odor and water due to multiple pollution sources 
such as waste dumping and fishing activities, especially by aqua-
culture activities. The sediment sample was collected from around 
10 m below of water level through a stainless steel grab sampler 
at a depth of 0-20 cm which was quickly packed in airtight cleaned 
polythene bags and transported to the laboratory for storage at 
-20°C until analysis. The sampler was cleaned with deionized 
water before use to avoid unnecessary contamination. Seawater 
was collected from the same site. A sufficient amount of seawater 
was collected as the sample from the water column at a depth 

of 0.5 m by a water sampler. To make sure of the homogeneity, 
sampling was restricted within a relatively small area. All sediment 
samples were homogenized before use.

2.2. Preparation of TOSP
The main chemical composition of ROSP is 92.08% of calcium 

carbonate (CaCO3) [17]. ROSP was calcined at ambient air condition 
inside an electric furnace at a constant temperature of 900°C for 
1 h. After that heat treatment, it is mixed with some calcium 
carbonate containing CO2 portion and most of crystalline CaO 
[18]. The crystalline CaO turned to be a hydrated form of calcite, 
namely [Ca(OH)2]. Then calcium hydroxide was reacted with hy-
drogen peroxide to produce calcium peroxide (CaO2), which is 
a so-called TOSP, an oxygen releasing compound. Involved re-
actions are shown as follows:

CaCO3             CaO + CO2 (1)

CaO + H2O             Ca(OH)2 (2)

Ca(OH)2 + H2O2             CaO2 + 2H2O (3)

2.3. Basin Incubation

In this experimental basin, 300 gm of sediment and 1 L of filtered 
seawater were added to 2-L graduated basin. Before added water, 
the applied of ROSP and TOSP dosage were 0.5% (w/w) mixed 
to be completely homogenized in the sediment per basin. While 
the other basin was filled by the same quantity of natural sediment 
(treated as control). Then one liter of filtered seawater was added 
to each basin carefully to avoid disturbing the sediment. Five 
replicated basins were established of each treatment for the experi-
ments of the 20 d incubation period. All basins then were covered 
with aluminum foil and placed in an incubator where an alternative 
change (12 h light and 12 h darkness in a day) was applied. 
Incubation temperature was set at 22°C all the time, which would 
simulate the field condition including its microbial distribution. 
Samples were taken for analysis on the days of 0, 5, 10, 15 and 20.

2.4. Analyses of Physicochemical and Chemical Characteristics

Before measuring the physicochemical parameters, the sediment 
and overlying water were separated from the basin and the sediment 
was homogenized. The parameters of overlying water and sediment, 
including pH and oxidation-reduction potential (ORP) were meas-
ured at each basin using the multi-parameter meters (Orion 3 
star, USA), additionally DO with temperature was measured by 
DO meter (YSI 550A, USA).

The water samples were carefully withdrawn and filtered 
through a glass microfiber filter paper (GF/C, What man, UK) before 
analyses. The sediment samples were collected to three centrifuge 
tubes, approximately 65-70 g from each basin, then centrifuged 
at 2,000 rpm for 20 min to collect about 10 mL of supernatant 
pore water. This pore water was used to dilute samples within 
the detective range. The COD was analyzed by the oxidizing agent 
of potassium permanganate followed by the iodometric titration 
method. The chlorophyll-a concentration was determined with 
spectrometric absorbance after acetone extraction from water 
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samples. The concentration of ammonium nitrogen (NH4
+-N) was 

determined by indophenol blue method, and total nitrogen (T-N) 
was measured by oxidizing the sample with potassium persulfate. 
Nitrate (NO3

--N) and nitrite (NO2
--N) concentrations were measured 

by through a cadmium-copper (Cd-Cu) column reduction and 
N-(1-naphthyl)-ethylenediamine adsorption spectrophotometry, 
respectively. For the examination of seawater and sediments were 
analyzed by standard methods of the Ministry of Oceans and 
Fisheries, South Korea, 2013 [19]. All spectroscopic analyses were 
analyzed by UV Mini-1240 spectrophotometer (Shimadzu 
Corporation, Kyoto, Japan). All samples were analyzed in triplets 
and averaged data were used.

2.5. Nutrients Release Experiments

Nutrients releases at the water and sediment interface in a basin 
were investigated in terms of a flux rate. Nutrients release rates 
were determined according to Hieltjes and Lijklema [20] as 
proposed. The rates can be calculated under an assumption that 
the concentrations of species i depend only on flow-in, flow-out, 
and horizontal surface area over the sediment and with the material 
balance over the reactor [21]. The suggested nutrient release rate 
is as follows:

 

   ∑      
(4)

Where
r is releases rate (mg/m2/d).
V is the volume of overlying water (m3).
Cn is the concentration of nutrient at the nth time (mg/L).
C0 is the initial concentration of nutrients (mg/L).
Vn is the sampling water volume each time (m3).
Ca is the concentration of nutrients after replenishing overlying 

water.
n is the number of sampling.
A is the water interfacing area of the sediment (m2).
t is the averaged sampling interval (d).

3. Results and Discussion

3.1. Effect of Oyster Shell Powder Treatment on pH in the 
Overlying Water

The effect of oyster shell powder on the pH level of the overlying 
water was measured during 20 d of the incubation period (Fig. 1). 
Potentially addition of ROSP basin, no visible change of the pH 
value in the overlying water. Because ROSP main component is 
CaCO3, which is very low solubility in water. However, with inputs 
of TOSP was a pH raise in the early couple of days reflecting 
an alkaline condition. Some portion of calcium peroxide from 
TOSP generates hydroxide with the release of oxygen, resulting 
in higher pH. After 15 d the uprising of pH returned to the initial 
value, reflecting a variety of chemical changes in the system. On 
the other hand, the control basin pH value was significantly in-
creased of the overlying water. The pH rises in the control basin 
seem partly to owe the consumption of carbon dioxide via 

Fig. 1. Change of pH in the overlying water by addition of ROSP, 
TOSP (0.5% w/w) and control for 20 d.

photosynthesis. Massive algal photosynthesis is presumed as heavy 
consumption of CO2, possibly resulting in pH rise [22]. With an 
increase in the chlorophyll-a, the consumption of carbon dioxide 
caused by photosynthesis has increased and subsequently resulted 
in an increase in pH value. In the control basin, due to the rapid 
growth of algae in the overlying water caused by the high concen-
tration of nitrogen released from sediments described later.

3.2. Effect of Oyster Shell Powder Treatment on Dissolved 
Oxygen (DO) and Chlorophyll-a in the Overlying Water

Basically, oxygen enters into the water from two sources by the 
atmosphere and photosynthesis of algae or plant. The primary 
source of oxygen in overlying water is from microscopic algae 
(phytoplankton). Through photosynthesis microbes like phyto-
plankton, oxygen is released into the water where it dissolves, 
forming DO. Photosynthesis phases are divided up into light and 
darkness ones. In this work, the light and dark phases were set 
as 12 h each at 22°C for 20 d. DO has been changed with time 
as shown in (Fig. 2). The DO was increased into the overlying 
water as a result of photosynthesis during the presence of light 
by the algae in the control basin. The simplified photosynthesis 
process is represented by the equation:

6H2O + 6CO2               6O2 + C6H12O6 (5)

Which shows that water (H2O) together with carbon dioxide 
(CO2) and energy from the light is transformed into oxygen (O2) 
and organic matter (C6H12O6).

As expected, the TOSP treatment showed the higher DO value 
than the other samples, because of its oxygen releasing ability 
attributed to the oxides portion that tends to transform into 
free oxygen in case of contact with water. On the other hand, 
ROSP treated basin DO value no visible change from 0 to 
10 d. But after 10 d, DO value slightly increased with algae 
concentration due to the photosynthesis process. Likewise ob-
served in the pH changes, DO values in all basins went back 
to their starting one in 3 weeks except in the TOSP treated 

light energy



Environmental Engineering Research 25(2) 230-237

233

Fig. 2. Change of DO in the overlying water by addition of ROSP, 
TOSP (0.5% w/w) and control for 20 d.

basin, which meant the prolonged release of oxygen with the 
treated calcium oxide.

Chlorophyll-a is an important indicator of the presence of algae. 
The concentration of chlorophyll-a was measured in the overlying 
water of each basin (Fig. 3). At the beginning, its concentration 
was 3.45 μg/L. That concentration in the control basin kept increas-
ing during the whole incubation time, reaching 130 μg/L, namely 
an active algal growth. In contrast, oyster shell powder treatment 
in overall suppressed the growth of algae even though TOSP raised 
chlorophyll-a in early times but maintained its concentration at 
the lower level until the end of the experiment.

Algal growth is closely related to a variety of environmental 
parameters for water quality such as total nitrogen, total phospho-
rus, light intensity, water temperature, pH and DO [23, 24]. The 
increase of chlorophyll-a found in the overlying water is in part 
due to the higher level of nitrogen migrated from the sediment. 
This matches well with the fact that algal growth could be facilitated 
in the presence of a high concentration of ammonium which availed 
distinctly with ROSP treated basin rather than oxygenated nitrogen 

Fig. 3. Change of chlorophyll-a in the overlying water by addition of 
ROSP, TOSP (0.5% w/w) and control for 20 d.

compounds [25]. Algal growth seemed to be coupled with nutri-
tional release into the water as well as the presence of light. As 
shown in Fig. 3, in the TOSP treated basin, there found an early 
rise of algal mass. However, the expected decrease in the nutrient 
release after 5 d brought in the slowdown of the algal growth. 
It is also presumed that with an increase in the chlorophyll-a, 
caused by photosynthesis has increased and subsequently resulted 
in an increase in pH value.

3.3. Effect of Oyster Shell Powder Treatment on Chemical 
Oxygen Demand (COD) in the Overlying Water

COD is regarded as an important indicator of the pollution level, 
representing a present organic substance. As shown in Fig. 4, 
at the beginning COD value was equally 2.2 mg/L. In the control 
basin without any OSPs there was a surge of COD due to nutrient 
transfer from the sediment and probable self-growing organism 
(algae for instance), and the level seemed to remain the same 
to the end (or decline slightly probably due to some bioactivity). 
OSP treatment seemed to maximize the capacity of the porous 
absorbent so as to minimize COD in the overlying water layer. 
Additionally, peroxide in the TOSP provided extra oxygen into 
the water phase for stimulating the biological degradation of car-
bon-based organic matter existing in the overlying water [23]. 
Especially in the TOSP treated basin, the COD returned to 2.8 
mg/L, close to 2.2 mg/L or the initial COD probably due to that 
combinational activity.

Fig. 4. Change of chemical oxygen demand (COD) in the overlying 
water by addition of ROSP, TOSP (0.5% w/w) and control for 
20 d.

3.4. Effect of Oyster Shell Powder Treatment on Nitrogenous 
Nutrients in the Overlying Water and Sediments

Eutrophication generally produces many derivatives from nitrogen: 
ammonium nitrogen, nitrate nitrogen, nitrite nitrogen, and other 
nitrogenous organic matter. Also, it may influence the nitrogen 
cycle in the sea which is closely linked to the other element cycles 
like phosphorus, iron, sulfur, and carbon. Nitrogen and nitrogenous 
compounds are known to be controlled by many factors, for exam-
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ple, the rate of sedimentation, sediment type, redox condition, 
amount and type of organic matter, and intensity of mineralization 
of organic matter in the sediment and water [26]. In this section, 
the behavior of the essential N-nutrients such as T-N, NH4

+-N, 
NO3

--N, has been monitored in the experimental basins (Fig. 5-7). 
OSPs were used in 0.5% (w/w) each as described earlier.

T-N concentration in the overlying water was increased with 
mass transfer of nutrients from the sediments. In the meantime 
T-N in the sediment decreased mainly due to the migration of 
the nutrients. Comparing T-N concentrations in two compartments, 
there seems to be an extra loss of T-N, which might happen from 
some bio & physicochemical activities in the sediment. For the 
TOSP basin, excess oxygen introduced from the peroxide should 
activate locally a microbial augmentation. With ROSP it looks 
like more nitrogen compound avails in the water phase than as 
expected when it is compared to the control where a low level 
of bioactivity was supposed to be going on during the experimental 
period. But in 20 d ROSP input eventually did not make any 
difference with the control probably due to the disappearance 

of the bioactivity in the control basin. It was interesting to find 
a big reduction of T-N in early times from 2.74 to 2.03 mg/g (26%) 
in the TOSP treated sediments, which suggested a considerable 
microbial action through the provision of excess oxygen and/or 
physical sorption of the porous particles. It was also found that 
there lasted active migration of the nutrients from the sediment 
until 10 d considering the gradual attenuation of the bioactivity.

Ammonium liberation from the sediment has happened in the 
same way as the T-N case (Fig. 6). Ammonium concentrations 
in the sediment decreased almost in a linear pattern in all basins. 
The averaged decreasing rate was comparable to that of T-N. 
Accordingly, the ammonium behavior was similar to T-N in the 
overlying water. Obviously, the lower amount of ammonium was 
detected than T-N and then kept at a certain level without any 
noticeable reduction. This implies no significant evaporation of 
ammonium into the air out of the alkaline water phase after 10 
d of incubation. With the presence of a sufficient amount of oxygen, 
some nitrifying bacteria could be populated in order to precede 
oxidation of ammonium [21]. The algal productivity could be high 

  

a b

Fig. 5. Change of T-N concentration (a) overlying water (b) sediment by addition of ROSP, TOSP (0.5% w/w) and control for 20 d. Bars represent
standard deviation of triplicates.

  

a b

Fig. 6. Change of NH4
+-N concentration (a) overlying water (b) sediment by addition of ROSP, TOSP (0.5% w/w) and control for 20 d. Bars

represent standard deviation of triplicates.
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Fig. 8. Release rates of total nitrogen (T-N) from sediments by addition 
of ROSP, TOSP (0.5% w/w) and control for 20 d.

or even higher if the cells are using ammonium rather than nitrate 
in the presence of high ammonium concentration as reported [25]. 
Correlations between algal bloom and ammonium along with OSPs 
are given in the following section.

Nitrate is the most stable form of inorganic nitrogen in the 
oxygenated waters. Fig. 7 shows the change of NO3

--N concentration 
with time both in the water phase and sediments. Overall the 
plots are showing the reduction of nitrate in the control and ROSP 
treated basins, which implies no significant nitrifying bioreactions 
in those basins. It rather suggests biological denitrification or shifted 
chemical equilibrium between oxidized ions and ammonium ions. 
However, nitrate remained constant or even higher with TOSP 
treatment. The nitrite nitrogen concentration is very low and con-
tinuously decreased, which became negligible [27]. Even if ammo-
nium is liberated, the remnant portion in the water phase is apt 
to confront free oxygen molecules released from the peroxide of 
treated shell particles, thus leading to nitrate/nitrite formation 
with aid of nitrifying bacteria or direct oxidation. On the other 
hand, nitrate migration from the sediment was found to be trivial 

(see the curve slopes in Fig. 7(b)), the environment around the 
sediment remained anoxic or anaerobic (rare oxidized molecules) 
for the most of test times. Because of the initial ORP was -215.3 
mV in the sediment, which confirmed a highly anoxic state in 
all basins.

The concentration changes of T-N, NH4
+-N, and NO3

--N in the 
water and sediment phases were assumed to be coupled or inter-
related to pH, DO, and chlorophyll-a as deducted from our 
experimental scheme. The nutrients released from sediments 
and water are affected by many factors, such as oxygen con-
dition, bioturbation, pH and temperature [28]. Summarizing 
every test made in this work confirmed a certain, positive impact 
of DO on the diminishment of eutrophication in the saline 
water. DO was provided by TOSP particles in order to initiate 
and activate bioaugmentation accordingly. In particular, that 
excess DO could help to catalyze nitrification and/or de-
nitrification processes [29] to reduce several nitrogenous spe-
cies including total nitrogen. Consequently, anaerobic con-
ditions in the sediment and higher level of DO in the water 
phase were said to be responsible for the release and holdup 
of ammonium [30, 31].

3.5. Evaluation of Release Rates from Sediments to Water

Nitrogen is a predominant substance in terms of its influence 
on biological activity and its migration between the bottom and 
the water column. The exchanges of nutrients between sediment 
and water are highly complex, involving physical, interrelated 
chemical and biological processes [32]. For simplicity, using a 
method of Hieltjes and Lijklema [22], T-N release rates were calcu-
lated as shown in (Fig. 8).

Nutrients releases to the bulk water were active in the first 
10 d and reduced to some trivial scale in 20 d. ROSP treatment 
did not blocked the migration of nitrogen and even caused a reverse 
migration (bulk to bottom) meanwhile TOSP treatment successfully 
blocked that migration by 86% compared to the very early stage. 
On the other hand, the natural attenuation (control) was about 
50% in 10 d. 

  

a b

Fig. 7. Change of NO3
--N concentration (a) overlying water (b) sediment by addition of ROSP, TOSP (0.5% w/w) and control for 20 d. Bars 

represent standard deviation of triplicates.
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4. Conclusions

The remediation ability of OSPs was studied through the evaluation 
of COD, nitrogenous compounds, and nutrient release fluxes. Test 
efficacy of those treatments was found through monitoring of DO 
and pH in the controlled environment. Based on the results obtained 
in this study, it can be concluded that: 1) TOSP could be useful 
for increasing oxygen level (i.e., peroxide) of sediments and water 
as a compound for the release of oxygen. 2) The algal growth 
in the saline water was reduced with the application of TOSP 
and also significantly reduced nitrogen compounds such as ammo-
nium, total nitrogen and slightly increased nitrate/nitrite, probably 
due to the facilitation of microbial degrading activity both in over-
lying water and bottom sediment. The treated compound has also 
shown its effectiveness on the repression of algal growth owing 
to blockage of nitrogen source migrating from the sediment. 3) 
OSPs have proved their absorbing capacity for organic/inorganic 
matter and well-balanced sustain of alkalinity and ecological sys-
tems in the saline water. Overall, TOSP proves its great potential 
to physical and chemical remediation in the organically enriched 
sediments and effective for the control of eutrophication.
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