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Abstract 
Increased fishing and agricultural activities trigger eutrophication 
events in marine waters. Excessive availability of nutrients can cause 

changes in the composition of community structures in marine 
ecosystems. Therefore an effort is needed to mitigate the 

eutrophication process in coastal and marine areas by increasing the 
nutrient partition coefficient in compartments that can absorb or 
consume these nutrients such as macroalgae or seaweed. The aim of 

this study was to determine the absorption capacity of nutrients (N and 
P) from Gracilaria sp. Seaweed as a mitigating agent for eutrophication 

in waters. This research was conducted in October–November 2018 in 
a controlled manner at the PUI-P2RL Wet Laboratory, Hasanuddin 
University. Seaweed maintenance media is intensive pond wastewater 

that has gone through a filtering and sterilization process. The results 
showed that Gracilaria sp. able to absorb nutrients in the form of NH3, 

NO2 , NO3 and PO4. Gracilaria sp. able to reduce NO3 by 0.840 ± 0.065 
μg/l/day, NO2 by 2.100 ± 0.609 μg/l/day, NH3 by 1.506 ± 0.204 μg/l/day 

and PO4 by 8.756 ± 2.785 μg/l/day. 
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Introduction 
The health of ecosystems and their use in coastal areas is an indicator of water quality, 

especially in the field of marine conservation and various activities in other fisheries sectors. 

Aquaculture and agricultural activities are a major challenge in maintaining water quality in 

coastal areas, where increasing concentrations of nutrients (Nitrogen, Phosphorus and 

Silicon) from these activities can cause water eutrophication which has a negative impact on 

organisms. This condition has been found in the coastal waters of the west coast of South 

Sulawesi where nutrient enrichment occurs quite large (Lukman et al., 2014; Nasir et al., 

2015) and symptoms of eutrophication have been identified (Nurfadillah, 2016). 
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Disposal of aquaculture waste, especially shrimp and fish ponds, and agriculture is the 

main source of nutrients that cause eutrophication which has an impact on the ecosystem of 

the west coast of South Sulawesi (Nasir et al., 2016; Hopkins et al., 1995). Excessive availability 

of nutrients can cause changes in the composition of community structures in marine 

ecosystems such as microorganisms (Kegler et al., 2017), plankton (Nasir et al., 2015) and 

coral reef ecosystems (Teichberg et al., 2018; Edinger et al., 1998). Therefore efforts to 

overcome eutrophication need serious attention. The increase in nutrients in waters, 

especially in coastal areas, needs to be mitigated by increasing the nutrient partition 

coefficient in compartments that can absorb or consume these nutrients (Carpenter, 2008).  

On the other hand, seaweed is known to live in waters that have a fairly high concentration 

of nutrients (Kasim, 2016). Seaweed utilizes nutrients (N and P) as a food source for its growth 

and development. Nitrogen is needed as a constituent of amino acids, while phosp horus is 

used as energy in photosynthesis (Graham & Wilcox, 2000). Therefore, seaweed has the 

potential to become a phytoremediation agent because it is able to adapt to the aquatic 

environment with extreme nutrient conditions around aquaculture ponds (Komarawidjaja, 

2005). This ability to absorb natural nutrients can then be an alternative to mitigating the 

effects of eutrophication in waters. 

Furthermore, from an economic standpoint, the Indonesian government is pushing 

for increased seaweed cultivation and industrialization in response to the increasing demand 

for seaweed commodities both on a national and international scale (Radiarta et al. 2016). 

The potential and good quality of Indonesian seaweed has made it in demand by various 

countries in the world. There are more than 550 types of seaweed in Indonesia and most of 

the products from seaweed have been exported as dried seaweed or in processed form. The 

various opportunities that are owned by one of the biological resources in Indonesia make 

seaweed a superior export product (Directorate General of National Export 

Development/MJL/ 004/9/2013). 

Rhodophyta and Chlorophyta are seaweeds that are widely distributed in Sulawesi 

waters and are found to be quite abundant (Admadja et al., 1996). In addition to its relatively 

easy cultivation techniques and high tolerance for environmental factors, this group of 

seaweed is known to have good potential in absorbing nutrients that enter the waters. 

Gracilaria sp. is a seaweed that can be used as a phytoremediation agent for organic matter. 

This type of seaweed has the ability to accumulate organic matter in cells (Komarawidjaja, 

2005). In addition, Gracilaria also has good growth at sufficient nitrogen concentrations. 

However, comprehensive research on the absorption capacity of seaweed in the context of 

eutrophication mitigation efforts has not been widely carried out, especially in the South 

Sulawesi region. 

Based on this, research on the absorption capacity of seaweed is important. The 

capacity of various types of seaweed, which are used economically by the community, in 

absorbing nutrients as well as in reducing eutrophication in coastal and marine waters needs 

to be calculated as a reference in developing integrated coastal management based on a 
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balance between environmental and economic levels. This research is useful in developing 

the application of ecosystem-based seaweed cultivation, a sustainable aquaculture system 

which is becoming a world trend (FAO, 2007). 

This study aims to determine the ability of Gracilaria sp seaweed to absorb NO3, NO2, 

NH3 and PO4 and see the potential of Gracilaria sp. in mitigating significantly the excess of 

nutrients (eutrophication) in the waters. 

Materials and Methods 
 This research was carried out at the PUI-P2RL Wet Laboratory at Hasanuddin 

University in October - November 2018 which included literature studies, laboratory tests, 

data collection, sample analysis, data processing, and data analysis. Analysis of water samples 

was carried out at the Productivity and Water Quality Laboratory, Faculty of Marine and 

Fisheries Sciences and analysis of seaweed samples was carried out at the Animal Feed 

Chemistry Laboratory, Faculty of Animal Husbandry, Hasanuddin University. 

The tools and materials used in this study were seaweed and intensive pond wastewater as 

materials to be tested, chemicals to analyze nutrient parameters (NO3, NO2, NH3 and PO4), 

as well as instruments to measure water quality (salinity, pH and DO). 

Sampling Stage 

 Gracillaria sp seaweed was taken from the waters of Takalar Regency. Seawater to be 

used as a medium in a controlled container is taken from the intensive pond disposal area of 

Takalar Regency. 

Measurement of Water Quality Parameters 

Measurement of nutrient parameters (NO2, NO3, PO4, NH3) and water quality (salinity, 

temperature, pH and DO) in the test media was carried out every 10 days (for 1 period/30 

days). The methods used in measuring the parameters of water quality and seaweed during 

rearing and sampling are as follows: 

Table 1. Water Quality Parameters 

No Parameter Sample Methods/Tools 

1 P - Total seaweed HNO3
-HClO4

- Spectrophotometry 

2 N-Total seaweed Kjeldahl 

4 Growth seaweed Analytical balance 

6 Phosphate (PO4) sea water Spectrophotometry 

7 Nitrates (NO3) sea water Spectrophotometry 

8 Nitrite (NO2) sea water Spectrophotometry 

9 Ammonia (NH3) sea water Spectrophotometry 

10 Light intensity sea water Lux-meter 

11 Temperature sea water Thermometer 

12 Salinity sea water Hand Refractometer 

13 DO sea water DO meters 

14 pH sea water PH meter 

Measurement of Nutrient Parameters (NO2,NH3,NO3 and PO4) 
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 Measurement of nutrient parameters using the spectrophotometric method and the 

linear standard curve method following the measurement procedure of Grasshoff et al., 1983. 

Nitrate measurement using the cadmium reduction method, nitrite measurement using the 

sulfanilamide method, ammonia measurement using the ammonium molybate method, and 

phosphate measurement using the stony chloride method. 

Measurement of The Growth Rate of Seaweed Biomass 

 The growth rate of biomass is obtained from the total final biomass growth minus the 

initial biomass divided by the time required. The formula for calculating the growth rate of 

biomass (Harianto et al., 2012): 

LPB ==
Bt − B0

t
 

Where: 

LPB : Biomass growth rate (gram/day) 

Bt  : Final biomass (gram) 

B0  : Initial biomass (grams) 

t  : Time (days) 

The Rate of Reduction of Nutrients in Water 

Decline rate = =
𝐜𝐨𝐧𝐜𝐞𝐧𝐭𝐫𝐚𝐭𝐢𝐨𝐧 𝐨𝐟 𝐧𝐮𝐭𝐫𝐢𝐞𝐧𝐭 𝐓𝟏− 𝐜𝐨𝐧𝐜𝐞𝐧𝐭𝐫𝐚𝐭𝐢𝐨𝐧 𝐨𝐟 𝐧𝐮𝐭𝐫𝐢𝐞𝐧𝐭 𝐓𝟐   

𝐭
 

Where: 

T1 : Initial nutrient concentration 

T2  : Final nutrient concentration 

 t  : Observation period (days) 

Total N Analysis 

 Measurement of total N in seaweed was carried out at the beginning and end of 

rearing. Standard measurement of total N in seaweed using the Kjeldahl method (AOAC, 

1980). To calculate the total N, the following formula is used: 

Total N (%) 
[{0,0007∗×(Vb−Vs)×F×20

S
 ×100 

Where: 

Vs  = ml 0.05 N NaOH titrant for sample 

Vb  = ml of NaOH titrant for blank 

F  = correction factor of 0.05 NaOH solution 

S  = sample weight 

*  = per ml 0.05 NaOH equivalent to 0.0007 g N 

Data Analysis 

 Research data were processed and analyzed in the form of tables and graphs using 

Microsoft Excel 2013 Software and the Prism Application. 
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Results and Discussion  
Nutrient Concentrations (Ammonia, Nitrate, Nitrite, and Phosphate) in Gracillaria Sp. 

Figure 1 shows that there was a decrease in the concentration of nutrients in the 
form of nitrate, nitrite, ammonia and phosphate in the seaweed rearing medium in each 
measurement period (per 10 days). However, on the last day of the study (30th day) there 
was an increase in the concentration of nitrite and nitrate in the rearing medium. 

 

Figure 1. Graph of nutrient concentrations in Gracillaria sp. 

Nutrient concentrations (ammonia, nitrate, nitrite, and phosphate) in the Gracilaria sp. 

on the 0th, 10th, 20th and 30th day respectively for Ammonia (0.047 mg/l ± 0.003 mg/l; 0.014 
mg/l ± 0.003 mg/l; 0.002 mg/l ± 0.001 mg/l; 0.001 mg/l ± 0.002 mg/l), Nitrate (0.162 mg/l ± 
0.004 mg/l; 0.115 mg/l ± 0.009 mg/l; 0.079 mg/l ± 0.019 mg/l; 0.136 mg /l ± 0.001 mg/l), 
Nitrite (0.125 mg/l ± 0.006 mg/l; 0.083 mg/l ± 0.006 mg/l; 0.056 mg/l ± 0.005 mg/l; 0.062 mg/l 
± 0.005 mg/l ), and Phosphate (0.764 mg/l ± 0.013 mg/l; 0.670 mg/l ± 0.024 mg/l; 0.536 mg/l 
± 0.053 mg/l; 0.461 mg/l ± 0.046 mg/l). 

The absorption of nutrients by seaweed can be calculated from the value of the rate of 

decrease in nutrient concentrations found in the seaweed rearing medium. This can occur if 
the decrease in nutrient concentration is not caused by nitrogen transformation factors 
(nitrification and ammonification). 

The decrease in N concentration in the rearing water medium was not necessarily 
caused by the absorption of seaweed. The decrease in nutrient concentration can be caused 

by the process of ammonia oxidation or nitrification, where in this condition there is a 
decrease in the concentration of ammonia and an increase in the concentration of nitrite, 
which then nitrite will also undergo oxidation to become nitrate. 

Based on Figure 1, there was a decrease in ammonia concentration in the Gracilaria sp. 
caused by absorption by seaweed that occurs in each measurement period (day 0 to day 30). 
The same pattern of decrease in concentration also occurred in nitrate and nitrite content 
until the 20th day, but showed the opposite pattern on the 30th day or the last day of the 
study, namely an increase in concentration in the Gracillaria seaweed rearing medium. Figure 
1 shows the symptoms of nitrification in the water media for seaweed Gracillaria sp. at the 
end of the study (30th day), where there was a decrease in ammonia and an increase in nitrite 

and nitrate concentrations at the same time. This is thought to be a symptom of nutrient 
oxidation in the seaweed rearing medium at the end of the study, but this symptom still needs 
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further investigation because the O2 indication did not show a significant change during the 

trial period. 
In Gracilaria sp. the rate of decrease in the concentration of phosphate in the rearing 

medium occurred at the beginning of the study until the end of the study (Figure 1). In the 
Gracilaria seaweed rearing medium, the decrease in phosphate concentration was due to 
absorption by the seaweed which occurred on day 10 to day 30. Phosphate has a role as 

forming cell membranes and energy transfer within cells (Pramesti, 2013). Phosphate at the 
end of the study is thought to inhibit metabolic processes because no energy is used for the 

process so that the growth of seaweed decreases. 

Nutrient Depletion Rate (Ammonia, Nitrate, Nitrite, and Phosphate) 

Table 1. The Rate of Nutrient Reduction (Mean ± Standard Deviation) in Each Treatment 

During Observation. 

Nutrient Type Average Nutrient Depletion Rate (µg/L/day) 

10th Day 

1 2 3 

Ammonia 3.300 ± 0.265 1.133 ± 0.208 0.085 ± 0.139 

Nitrate 4.633 ± 1.274 3.667 ± 2.434 -5.779 ± 2.487 
Nitrite 4.167 ± 1.002 2.667 ± 0.709 -0.533 ± 0.115 

Phosphate 9.367 ± 1.815 13.367 ± 5.008 3.533 ± 1.531 

The value of the daily reduction rate of ammonia, nitrate, nitrite, and phosphate 
concentrations on Gracillaria sp. can be seen in Table 2. On the maintenance media of 
Gracilaria sp. there was a decrease in nutrient concentrations in the form of ammonia 
and phosphate until the end of the study, while a decrease in nutrient concentrations in 
the form of nitrate and nitrite only occurred until the 20th day, after the 30th day it was 

seen that there was an increase in the concentration of nitrate and nitrite in the rearing 
medium. The highest rate of decrease in ammonia, nitrate and nitrite concentrations 
occurred in the first 10 days (0-10 days) and the lowest occurred at the end of the study 
(second 10 days), in contrast to phosphate concentrations which showed the opposite 
condition, namely a decrease in phosphate concentrations in the second 10 days. 

observation is greater than the first 10 days. 

 

Figure 2. Graph of Nutrient Depletion Rate Per 10 Days 

Value of the average amount of reduction of ammonia, nitrate, nitrite, and phosphate 
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in the media maintenance of Gracillaria sp. respectively 1.506 ± 0.204 μg/l/day; 0.840 ± 0.065 

μg/l/day; 2.100 ± 0.609 μg/l/day; and 8,756 ± 2,785 μg/l/day. The minus value in the figure 
above shows that there is no rate of decrease in nitrite and nitrate concentrations on the 30th 

day. This means that there was an increase in nitrite and nitrate indicating the occurrence of 
nitrification process at that time.  

Total N And Total P Values of Gracillaria Sp. 
 

 
Figure 3. Total N and P Total Values of Gracillaria sp. at The Beginning and End of The 

Study 

In Figure 3, the highest Ntotal and Ptotal values were found at the end of the study 

(30th day), namely 17.23 ± 0.557% and 0.547 ± 0.039%, while the Ntotal and PTtotal 
values for Gracillaria sp. at the beginning of the study that is equal to 7.280 ± 0.355% and 
0.337 ± 0.014%. The mean difference between the initial (0th day) and final (30th day) 
Ptotal values of maintenance on Gracilaria sp was 0.21 ± 0.050% and the Ntotal was 9,950 
± 0,911%. This shows that Gracilaria sp. has the ability to absorb more nitrogen elements 
compared to phosphorus elements contained in the rearing medium. 

Based on the results of NTotal analysis on Gracilaria sp., there was an increase in 
NTotal and PTotal at the end of the rearing (Figure 3). The results of the analysis showed 

that the NTotal content was higher than the Ptotal in seaweed. This shows that the uptake 
of nitrogen by grass is higher than the consumption of phosphorus. Excess nitrogen 
available in the waters can stimulate seaweed to consume nitrogen in large quantities, 
which results in high concentrations of N tissue (Gordon et al., 1981). 

The process of absorption of nutrients in seaweed is carried out by diffusion 
through all parts of its body (Supriyantini et al, 2018). The cell membrane which is the 
outermost part of the cell after the cell wall acts as a protector of the contents of the cells 
in the body will regulate nutrients that go out and enter the cell. The amount of nutrients 
that diffuse into the cell depends on the concentration of nutrients inside and outside the 
cell. This statement was confirmed by Lobban and Harrison (1994) that nutrients will 
increase cell metabolic activity by entering the cell gradually and then developing 
vacuoles in the cell. Where vacuoles play a very important role in life because the survival 
mechanism of seaweed depends on the ability of vacuoles to maintain the concentration 
of dissolved substances in its thallus. 
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Seaweed Growth 

 
Figure 4. The Average Weight Value of Seaweed During The Study 

Seaweed growth can be seen from the weight added value of the seaweed. The 
average weight value of Gracillaria sp. from the beginning to the end of the study 
respectively 72.013 ± 0.023 gr, 72.830 ± 0.235 gr, 101.513 ± 1.825, and 20.007 ± 0.076 gr. 
Figure 3 shows that there is an increase in the weight of Gracilaria sp. on day 10 to day 
20 and then decreased in weight at the end of the study (day 30). The highest weight gain 
of Gracilaria sp. occurred on the 20th day, which was 98.51 gr, then on the 30th day there 
was a decrease of 67.01 gr. 

In Figure 4, there is an increase in the weight of seaweed Gracilaria sp. on day 10 
to day 20. The increase in seaweed weight until the 20th day was due to the absorption 
of nutrients (N, P) at that time. According to Gordillo et al., (2002) that the rate of 
absorption of phosphate and nitrate accordingly has a positive correlation with increasing 
the rate of growth of seaweed. 

On the 30th day there was a decrease in the weight of the seaweed which indicated 
that the ability of the seaweed to absorb nutrients decreased. On the 30th day, some of 
the seaweed thallus died and rotted, resulting in decomposition and an increase in 

nutrients. In addition, light penetration in the seaweed rearing medium was less than 
optimal which caused some of the seaweed thallus to turn white and die. According to 
Atmadja (1996) that the growth of seaweed is closely related to the penetration of light 
and nutrients found in the environment where the seaweed lives. 
Water Quality Parameters 

The results of measuring water quality parameters on Gracillaria sp. presented in 
Table 3. 
Table 3. Water Quality Parameter Values During The Study (Mean ± Standard 

Deviation) 

Parameters Days 

0 10 20 30 

Salinity (ppt) 31 ± 0.58 30 ± 0.24 29 ± 0.38 30 ± 0.15 
pH 7.37  ± 0.13 7.77  ± 0.22 8.10 ± 0.06 8.16  ± 0.06 
DO (ppm) 5.80 ± 0.40 6.67 ±  0.33 6.72 ± 0.19 6.91 ± 0.11 
Temperature (°C) 29 ± 0.58 29 ± 0.64 30 ± 0.37 30 ± 0.18 
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Table 3 shows that the salinity values in the Gracillaria sp seaweed rearing media 

ranged from 29-31 ppt, pH ranged from 7.37-8.16, DO ranged from 5.80-6.91 ppm, and 
temperature ranged from 29-30°C. 

During the research process, the water quality in the experimental pond unit was 
in a relatively stable condition. The stability of the water quality conditions from the 
beginning to the end of the experiment can explain that the absorption of nutrients by 

seaweed is not affected by water quality factors so that the ability to absorb nutrients 
from seaweed can be identified. 

Conclusion 
Gracilaria sp seaweed is able to absorb nutrients in the form of NH3 and PO4 up to 30 

days and in the form of NO2 and NO3 up to 20 days, with the ability to reduce NO3 

concentrations by 0.840 ± 0.065 μg/l/day, NO2 by 2.100 ± 0.609 μg/day l/day, NH3 of 1,506 
± 0,204 μg/l/day and PO4 of 8,756 ± 2,785 μg/l/day.  
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