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Abstract - The marine sediment sustain from anoxic condition due to increasing nutrients of external sources. The nutrients 
are also released from the sediment, which act as an internal source. The contaminated marine sediment is affected at 
variation of its pH and dissolve oxygen concentration. The aim of this study is to evaluate the performance of using chemical 
agent (CaO2) and to identify the nitrogen cycle. In the experiment period, column test using different rate of calcium 
peroxide was conducted in our laboratory under the constant temperature and environmental incubating condition. Nutrients 
concentration and physical variables measured in the seawater and pore water of the sediment. InCaO2treated column, 
nutrient enrichment significantly increased the concentration of total nitrogen (T-N) and ammonia nitrogen (NH3-N) due to a 
high pH and involved highly denitrifying and ammonifying process. 
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I. INTRODUCTION 
 
The marine sediment sustain from anoxic condition 
due to increasing nutrients of external sources. These 
nutrients are also released from the sediment, which 
act as an internal source[1]. The organic matter and 
nutrients included in the sediment can be decomposed 
for microbs by the activity of oxygen consumption. 
Through this process, continuous abruption of oxygen 
supply can occur the hypoxic condition in sediment 
[2].Many previous research have been studied for 
applying oxygen releasing compounds (ORCs) such 
as CaO2, MgO2, and CaO to evaluate efficiency of 
chemical agent [3,4,5]. These chemicals can result to 
compose aerobic condition in the sediment and 
stimulate the activity of aerobic bacteria. 
Oxygenation is an important factor for 
bioremediation[6,7]. It reported that calcium 
hydroxide with calcium peroxide raises the pH and 
release oxygen with positive impact on the conditions 
of the sediment[8]. 
On the other hand, other researcher reported that the 
toxicity of ammonia is principally controlled by pH. 
The raised pH lead to the formation of un-ionized, 
toxic ammonia species, NH3[9]. As one target of 
nutrients for marine ecology bioremediation, 
nitrification, denitrification and ammonification has 
significant relationship with pH and oxic condition. 
They informed that only the part of NH4-N in 
sediment could be transformed into NO3-N when 
sediment was under aerobic condition. And a lot of 
transformation has occurred under alkaline condition 
between NH4-N with NH3-N[10,11]. So, it is essential 
work to define how CaO2 can effect to the complex N 
transformation in marine system and understand their 
contributions in N cycle. 
The main purpose of this study was to: (1) evaluate 
the performance of different rate of calcium peroxide 

in sediment-water column, (2) identify the nitrogen 
cycle mechanism in closed batch system and compare 
with variation of condition. The study was carried out 
under laboratory condition with using separated 
column for every time of experiment to prevent 
contaminating of water by the situation of sampling 
sediment. 
 
II. MATERIALS AND METHODS 
 
2.1 Study Area 
Collecting the sediment sample was carried out at the 
southern sea area, near Tong-yeong harbor, South 
Korea. The mean depth of water is around 10m. This 
area has features of low fluidity and located with a lot 
of fish or oyster farm. Thus, the pollutants produced 
by biodiversity can easily accumulate on the bottom 
sediment causing contamination. 
2.2 Column Incubation 
In the laboratory test, once the three type of batch 
was prepared including 1.5L sediment each and was 
stirred to be completely homogenized with chemical 
agent powder(CaO2); control(no chemical agent 
added), 0.5% CaO2(w/v), 1.0% CaO2(w/v), 
respectively. From the batch, 300ml sediment was 
transferred to 1L graduated column and 600ml of 
filtered seawater was added carefully to avoid 
disturbing the sediment. The test was conducted at 
days 0, 4, 8, 12 and 16. Then, these column were 
covered with aluminum foil and placed in incubator 
maintaining the temperature and darkness. The 
temperature was fixed at 18°C to compose the same 
condition with situ area and to promote microbial 
activity. 
2.3Analyses of physico-chemical characteristics 
Before measuring the physicochemical parameters, 
the sediment and overlying water were separated and 
sediment was homogenized. The parameters of 
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sediment and seawater, including pH were measured 
at each column using Multi-parameter meter(Orion 3 
star, USA), additionally DO with temperature in 
seawater was measured using by DO meter(YSI 
550A, USA). 
2.4 Chemical Analyses 
The water samples were carefully withdrawn, filtered 
through filter paper (GF/C0.47, What man) every 
column before sampled. The sediment samples were 
collected to three centrifuge tube approximately 
45~50ml from each columnthen centrifuged at 
2000rpm for 20min to collect 10ml of supernatant 
pore water. This pore water was used as diluted 
sample within the detective range. The concentrations 
of T-N, NO3

--N, and NH3
+-N in pore water of 

sediment and seawater sample were determined 
according to standard methods for the examination of 
marine environmental pollution[12].All samples were 
analyzed three times and the data were used as the 
average. 
 
III. RESULTS 
 
3.1. Effect of CaO2 treatment on pH in the water 
and sediment 
The chemical agent (CaO2) treatment had highly 
impact on the pH in the overlying water and sediment 
(Fig. 1). The effect of CaO2on overlying water and 
sediment pH level was therefore investigated in this 
work. pH was observed with the addition of CaO2, 
indicating the  greater effect of CaO2than control 
column. At day 0, the pH of seawater in all treatment 
column was equal, but sediment pH was much higher 
than control column. The pH of overlying water in 
treated column were increased with control and 
sediment pH was gradually decreased in the both 
treated column with the control column (Fig. 1). The 
sediment pH was higher than overlying water, 
because during the process, the variation of pH raised 
the formation rate of Ca(OH)2 caused by the reaction 
between CaO2 and water. So the treated column 
sediment and overlying water pH were significantly 
higher than control column. 
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Fig .1. Change of pH (A) Overlying water (B) Sediment by 

different addition amount of CaO2 (0.5% w/v, 1.0% w/v) for 
16days 

 
3.2. Effect of CaO2 treatment on DO in the water 
and sediment 
In the experiments column, Dissolved oxygen (DO) 
concentration of overlying water in all treatment 
column was equal. 
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Fig .2. Change of DO in Overlying water by different addition 

amount of CaO2 (0.5% w/v, 1.0% w/v) for 16days 
 
As shown figure 2, from day 0 to 4 onwards DO 
concentration sharply decreased all treated column, 
but gradually increased until 16 days of studying 
period. 1.0% CaO2added column DO was higher than 
control column and 0.5 % CaO2DO was lower than 
control column in total experiments period. 
 
3.3. Effect of CaO2 treatment on Nitrogen based 
analysis 
Since T-N contains ammonia nitrogen, nitrate 
nitrogen, nitrite nitrogen, and other organic matter. 
We examined the results of individual analysis of 
ammonia nitrogen, nitrate nitrogen, nitrite nitrogen. 
The control column and chemical agent (CaO2) 
treatment results of the sediment and overlying water 
for total nitrogen (T-N), ammonia nitrogen (NH3-N), 
and nitrate nitrogen (NO3-N)concentrations were 
given in figure 3. During the 16 days experiments, the 
change of T-N, NH3-N, and NO3-N were measured in 
four days interval after the treatment of 0.5% and 1.0% 
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CaO2. Using CaO2indicate the much greater effect of 
treated column than control column.  
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Fig .3.Change of T-N concentration (A) overlying water (B) 

sediment by different addition amount of CaO2 (0.5% w/v, 1.0% 
w/v) for 16days 

 
The T-N concentrations of sediments pore water no 
visible change during the experiments period, but 
overlying water T-N concentrations increased in both 
treated column with control. At day 0, all treated 
column water T-N concentration was equal, but 
sediment pore water T-N was much higher than 
control column. 
  
As shown in figure 3, the T-N concentration of 
overlying water and pore water in treated column 
were gradually increased until 0 to 8 days and 
gradually decreased until 16 days of studying period. 
As shown in figure4,at the start of the experiments 
(day 0), the measurement of NH3-N concentration of 
overlying water in all treated column was equal, but 
sediment NH3-N concentration was higher than 
control column. The NH3-N concentration of the 
sediments pore water decreasing in the control 
sample. On the other hand, NH3-N concentration of 
overlying water increased 0 to 4 days, but from day 4 
to 16 onwards, gradually decreasing until 16 days of 
studying period in the control sample. In the 
overlying water concentration of NH3-N sharply 
increased with time until 16 days of experimental 
period of both treated column.  
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Fig.4. Change of NH3-N concentration (A) Overlying water (B) 
Sediment by different addition amount of CaO2 (0.5% w/v, 1.0% 

w/v) for 16days 
 
At the interface, the concentration of sediment pore 
water NH3-N increasing rate in 0.5% CaO2treated 
column was higher than 1.0% CaO2treated column. 
Actually NH3-N concentrations of sediments pore 
water slightly increased during the experiments 
period. Along the 1.0% CaO2treated column NH3-N 
concentration in the sediment pore water was much 
lower than overlying water. 
 
As shown in figure5, an initial concentration (at day 0) 
of NO3-N in the overlying water was unchanged. 
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Fig.5. Change of NO3-N concentration (A) Overlying water (B) 
Sediment by different amount of CaO2 (0.5% w/v, 1.0% w/v) 

for 16days 
 
During experiments period, both treated column in 
overlying water NO3-N concentration decreased but 
the control sample NO3-N concentration increased 
until experiments period. On the other hand, an initial 
concentration (at day 0) of NO3-N sediment pore 
water was much lower than control column. The 
NO3-N concentrations of sediment pore water was 
decreased in both treated column and increased in 
control column until experiment period. 
 
DISCUSSION 
 
The concentration change of T-N, NH3-N, NO3-N in 
the process of water and sediment were very 
compactly related to the pH and dissolved oxygen 
(DO). The nutrients release from sediments and water 
are affected by many factors, such as oxygen 
condition, pH and temperature. In our study period, 
all column always were placed at 18°C. At the start of 
experiments, dissolved oxygen (DO) in overlying 
water comparatively high. Dissolved oxygen and 
nitrification rate are correlated to sediment 
temperature.[1]. In our experiments, two level of 
chemical agent select based on previous related 
experiments. The test reveals only higher dosage of 
CaO2clearly positive impact of dissolve oxygen in 
water. But the negative side effect such as highly 
increased pH did restrict microbial growth.  
 
A high pH value in the water and sediments was 
known to obstruct microbial activity[13]. The high 
pH changed water and sediments characteristics, the 
affecting of NH3-N release from sediments[13]. The 
pH of the water and sediment was raised, because 
Ca(OH)2 produced in a reaction of CaO2 and water. 
We do not suggest, only pH increased is an essential 
factor in our experiments. Above describe our 
nitrogen based experiments results, the concentration 
of total nitrogen (T-N) and ammonia nitrogen (NH3-N) 
higher than control column. But nitrate nitrogen 
(NO3-N) concentration was lower than control 

column. During the period (4-16 days) in the control 
column experiments, the concentration of total 
nitrogen (T-N) was much higher in the treated column 
than control column. In overlying water concentration 
of T-N increasing rate was much higher than sediment 
pore water in both treatment columns. The 
concentration of NO3-N increased and NH3-N 
concentration decreased significantly both overlying 
water and sediment pore water in control column. We 
assume that, grow nitrifying bacteria activity in the 
control column reduce the nitrogenous compounds as 
the nitrification–denitrification process. In the control 
column under aerobic condition and optimum pH 
range, its reduce nitrogenous compound to convert 
nitrite, then next time nitrite convert to nitrate by the 
different species of nitrifying bacteria. Heinz [14] 
reported that the Nitrosomonas bacteria perform the 
oxidation of ammonia(NH3) to nitrite(NO2) while 
Nitrobacter participate in the oxidation of nitrite(NO2) 
to nitrate(NO3) . On the other hand, overlying water 
of the concentration of NH3-N increased and NO3-N 
concentration decreased significantly both treated 
column. But 0.5% CaO2treated column sediments 
pore water NO3-N slightly decreased and NH3-N 
concentration highly increased. At the same time, 1.0% 
CaO2treated column sediments. 
 
NH3-N concentration on pore water of sediment 
slightly shown to be increased and NO3-N 
concentration slightly shown to be decreased. The 
NH3-N increase of both treated column during 
denitrification and optimum pH for denitrifying 
bacteria. Bacteria involved highly denitrifying and 
ammonifying process, which resulted in increased 
NH3-N in the treated column. In this experiments, the 
concentration of T-N and NH3-N were much higher 
and NO3-N was much lower in overlying water and 
sediments in both treatment column than control 
column. 
 
CONCLUSION 
 
To evaluate the characteristics of marine sediments 
and water nutrients. The result indicates that 
sediments and water has essential effect on nutrients 
and contribute to eutrophication in coastal areas. 
Increasing overlying water and sediment dissolved 
oxygen concentration and pH using chemical agent 
(CaO2). Our study was conducted to determine the 
effect of different rate of calcium peroxide on 
Nitrogen cyclein sea sediment and water. In 
experiments period, with the time the amount of 
nitrogen transforming bacteria may be increased in 
control column. Also increased denitrifying bacteria 
and ammonifier of the treated column in our 
experiments period. Nitrogen distribution were in the 
order to control column NO3-N>NH3-N and both 
treated column NH3-N>NO3-N. Measurement of 6 
parameters (pH, DO, Temperature, T-N, NH3-N, 
NO3-N) were shown to affect in the water and 
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sediment. 
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