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INTRODUCTION

Aquaculture offers enormous potential for 
feeding and nourishing the world’s expand-
ing population. Conventional aquaculture takes 
a considerable amount of water and land space 
and creates dirty effluent, which has a negative 
influence on the environment (Somprasert et al., 
2021). The accumulation of feed residue and fish 
excreta frequently causes water quality in fish-
ponds to degrade, further reducing aquaculture 
production (Lin et al., 2003). The development 
of sustainable aquaculture is critical to satisfy 
the growing demand for aquatic food. Recircu-
lating aquaculture system (RAS) is a green and 
sustainable aquaculture technique that not only 
boosts farm productivity but also greatly reduces 
environmental effects. Organic matter, particulate 

matter, ammonia, nitrate, and phosphor will col-
lect in RAS, causing unfavorable effects on sys-
tem functioning and production (Satya et al., 
2014, Susanti et al., 2019, Colares et al., 2020). 
As much as 65% of the protein in fish feed can 
be degraded into the environment, as much as 
60% of the organic nitrogen coming from pro-
tein is expelled as ammonia, and only 10–15% 
is discharged as solid waste from fish metabo-
lism (Craig and Kuhn, 2017). The RAS water 
treatment unit is critical in guaranteeing optimal 
growth conditions by filtering and degrading con-
taminants from aquaculture and recycling water, 
which saves natural resources significantly (Li 
et al., 2023). RAS has incorporated wastewater 
treatment procedures into aquaculture production 
to maintain water quality and is gaining popular-
ity around the world.
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ABSTRACT
Floating treatment wetland (FTW) as a wastewater processing technology in recirculating aquaculture systems 
(RAS) of catfish is considered to be effective in eliminating the pollutant load of nitrogen, phosphorous, and 
organic matter. This research aims to reduce the concentration of pollutant loads and obtain an effective ratio 
between the volume of the FTW and the total water volume of the catfish RAS. The FTW system uses Vetiveria 
zizanoides grown on floating media and equipped with an aerator in the bottom layer of the pond. Several FTW 
volume ratios were used to determine an FTW system that is effective in reducing pollutant loads according to 
the mass balance concept. This approach was conducted to maintain acceptable water quality in catfish cultiva-
tion ponds. The study results showed that most pollutant load concentrations decreased in all ponds. The largest 
removal percentage included the parameters TAN, COD, TSS, TP, nitrate, phosphate, and TN, namely 88.54%, 
66.17%, 85.68%, 91.30%, 83.85%, 61.46%, and 44.68%, respectively. The effective ratio between the volume of 
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to eliminate the pollutant loads from catfish pond wastewater.
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In this study, floating treatment wetland 
(FTW) technology was used as a wastewater pro-
cessing technology in a recirculation cultivation 
system. FTW is known to be effective in remov-
ing nitrogen, phosphorus, and organic matter pol-
lutant loads. In the FTW system, Vetiveria ziza-
noides is planted which is known to effectively 
remove pollutants and has a high tolerance to 
extreme conditions (Chyan et al., 2016; Effendi 
et al., 2018). Vetiveria zizanoides will absorb nu-
trients from the decomposition process of organic 
material originating from catfish feed, which is 
used as nutrition to support the growth of vetiver. 

In recirculation systems, technical specifica-
tions such as pool size, pool volume, and flow 
rate influence the contact area and contact time 
of the pollutant load with the waste treatment sys-
tem used (Syah et al., 2017), so that information 
on the ratio between the volume of the wastewa-
ter treatment system and the total system volume 
recirculation is very important to know. This re-
search aims to reduce the concentration of pol-
lutant loads and obtain the effective ratio of the 
area volume of the FTW wastewater treatment 
system and the total recirculation volume. The re-
sults of this research can be used as an alternative 
technology to control pollution, especially fishery 
wastewater pollution.

MATERIALS AND METHODS

The experiment was carried out using experi-
mental methods in the greenhouse at the Research 
Center for Limnology and Water Resources. The 
RAS system consists of (1) a water storage tank 
measuring 300 L, (2) a catfish pond measuring 
1.8×0.8×0.5 m3, (3) a wastewater treatment sys-
tem with 8 FTW ponds arranged in series with 
dimensions of 1.8×0.8×0.5 m3, (4) a holding pond 
1.8×0.8×0.5 m3. The water level is regulated with 
a pipe, and the height is maintained at 0.4 m. Veti-
veria zizanoides in the FTW pond are planted in 

pots containing rock wool media placed in a float-
ing bed that covers the entire surface of the pond. 
The Resun LP 40 aerator pump with an air output 
of 60 L/minute is distributed to eight FTW ponds 
using one aeration stone in each pond.

The source of wastewater originates from the 
outlet of the catfish rearing pond. The size of the 
catfish used at the start of the study was 5–6 cm (2 
weeks old) with a density of 200 catfish/pond. The 
fish feed used are commercial pellets with a pro-
tein content of 31% and is given at a feeding rate 
of 5% of the catfish’s body weight. Water samples 
were taken every week until the harvest period in 
the 12th week with a catfish consumption size of ± 
100 grams/fish. The series of experimental devices 
were arranged to operate in a recirculating system 
with the water flow in the catfish pond and inlet 
maintained at 12 liters/hour. The retention time in 
the research FTW pool was 2 days. The RAS with 
FTW schematic design can be seen in Figure 1.

Vetiver growth was analyzed for biomass 
parameters, C, N, P, and K, which were carried 
out at the beginning and end of the study. Mea-
suring the length and weight of catfish is carried 
out every two weeks. Water quality parameters 
were analyzed using the standard methods APHA 
AWWA (2017), including COD, TSS, pH, dis-
solved oxygen, total ammonium nitrogen (TAN), 
nitrate, phosphate, total nitrogen, total phospho-
rus, and temperature.

The experimental design in the study used a 
randomized block factorial design (RAKF) with 
(A) three levels of fish age group: the 0–3 weeks, 
4–8 weeks, 9–12 weeks, and (B) the FTW ra-
tio difference factor consists of five levels: cat-
fish ponds as pollutant source ponds; FTW ra-
tio 0.181, 0.362, 0.543 and 0.725. The basis for 
grouping fish age is the average weight of the 
fish which influences the amount of feed given 
(Akbar et al., 2020). The experimental design in 
this study was used to determine the significance 
of fish age groups (Factor A) and differences in 
ratios (Factor B) in each water quality parameter.

Figure 1. The recirculating aquaculture system with floating treatment wetland schematic design
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The input load calculation for each parameter 
is calculated based on Jörgensen and Vollenwei-
der (1988) as follows:
 Load = C · Q
where: Load – input of pollutant loading (mg/h), 

C – concentration (mg/L), Q – flow rate 
(L/h).

The percentage of pollutant load removal for 
each FTW unit is calculated based on the formula 
of Wang et al. (2010):

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 =  
𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 − 𝐶𝐶𝐶𝐶𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
· 100% 

 

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑀𝑀𝑀𝑀𝑑𝑑𝑑𝑑𝑀𝑀𝑀𝑀𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑣𝑣𝑣𝑣𝑀𝑀𝑀𝑀𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑑𝑑𝑑𝑑 = 𝑚𝑚𝑚𝑚𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 � 𝑤𝑤𝑤𝑤𝑑𝑑𝑑𝑑𝑀𝑀𝑀𝑀𝑒𝑒𝑒𝑒ℎ𝑀𝑀𝑀𝑀 ·  𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑀𝑀𝑀𝑀𝑑𝑑𝑑𝑑
𝑖𝑖𝑖𝑖ℎ𝑖𝑖𝑖𝑖 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑖𝑖𝑖𝑖𝑜𝑜𝑜𝑜𝑖𝑖𝑖𝑖 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑝𝑝𝑝𝑝𝑣𝑣𝑣𝑣𝑝𝑝𝑝𝑝𝑣𝑣𝑣𝑣𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑝𝑝𝑝𝑝−𝑖𝑖𝑖𝑖

𝑝𝑝𝑝𝑝𝑣𝑣𝑣𝑣𝑝𝑝𝑝𝑝𝑣𝑣𝑣𝑣𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑝𝑝𝑝𝑝−𝑖𝑖𝑖𝑖

 

 

where: Cinlet – pollutant concentration before en-
tering the FTW (inlet), Coutlet – pollutant 
concentration coming out of the FTW 
(outlet), EP – removal efficiency (%).

The parameters tested statistically were the 
pollutant load of each water quality parameter, 
namely COD, TSS, TAN, nitrate, phosphate, TN, 
TP, DO, temperature, and pH in each FTW pond 
with various ratios and fish age groups. Data were 
subjected to analysis of variance (ANOVA) using 
Statistical Analysis Software (SAS) to test the sig-
nificance of differences in fish age groups (Factor 
A) and differences in ratios (Factor B) in each wa-
ter quality parameter. The difference test is car-
ried out using the Tukey test. If the results of the 
analysis show real significance (95% confidence 
level), then a further test is carried out using Dun-
can’s Multiple Range Test (DMRT). Presentation 
of the analysis results using unique notation for 
each treatment is presented in Table 1.

Determining the most effective ratio of FTW 
volume to total recirculation system volume 
is carried out using a decision matrix based on 
Brown (2007). The matrix column is a variation 
of the FTW ratio, namely FTW1 (R 0.181), FTW2 
(R 0.362), FTW3 (R 0.543), and FTW4 (R 0.725). 
The matrix rows are water quality parameters. 
The matrix is   created by assigning weights and 
scores to each water quality parameter. Weight is 
the assignment of a value to each parameter that 
changes based on the observation group. Weight-
ing is done by differentiating each parameter into 
five observation groups. This group is the group 
that is the main parameter, namely TAN, COD, 
and TSS (weights 5, 4, and 3). The supporting 
parameter group is DO (weight 2) and the sup-
porting parameter group is temperature and pH 
(weight 1) (Emerson et al. 1975). The scoring 
is determined based on the level of removal ef-
ficiency of each FTW system in eliminating pol-
lutants. Determination of the category of removal 
efficiency level refers to Tchobanoglous et al. 
(2004). The total value calculation is the product 
of the weight and score values, with the maxi-
mum value of the product of the weight and score 
being 100 (Table 2). Next, the total matrix value 
is calculated using the formula (Song and Kang 
2016) as follows:

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 =  
𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 − 𝐶𝐶𝐶𝐶𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
· 100% 

 

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑀𝑀𝑀𝑀𝑑𝑑𝑑𝑑𝑀𝑀𝑀𝑀𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑣𝑣𝑣𝑣𝑀𝑀𝑀𝑀𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑑𝑑𝑑𝑑 = 𝑚𝑚𝑚𝑚𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 � 𝑤𝑤𝑤𝑤𝑑𝑑𝑑𝑑𝑀𝑀𝑀𝑀𝑒𝑒𝑒𝑒ℎ𝑀𝑀𝑀𝑀 ·  𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑀𝑀𝑀𝑀𝑑𝑑𝑑𝑑
𝑖𝑖𝑖𝑖ℎ𝑖𝑖𝑖𝑖 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑖𝑖𝑖𝑖𝑜𝑜𝑜𝑜𝑖𝑖𝑖𝑖 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑝𝑝𝑝𝑝𝑣𝑣𝑣𝑣𝑝𝑝𝑝𝑝𝑣𝑣𝑣𝑣𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑝𝑝𝑝𝑝−𝑖𝑖𝑖𝑖

𝑝𝑝𝑝𝑝𝑣𝑣𝑣𝑣𝑝𝑝𝑝𝑝𝑣𝑣𝑣𝑣𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑝𝑝𝑝𝑝−𝑖𝑖𝑖𝑖

 

 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 =  
𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 − 𝐶𝐶𝐶𝐶𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
· 100% 

 

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑀𝑀𝑀𝑀𝑑𝑑𝑑𝑑𝑀𝑀𝑀𝑀𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑣𝑣𝑣𝑣𝑀𝑀𝑀𝑀𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑑𝑑𝑑𝑑 = 𝑚𝑚𝑚𝑚𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 � 𝑤𝑤𝑤𝑤𝑑𝑑𝑑𝑑𝑀𝑀𝑀𝑀𝑒𝑒𝑒𝑒ℎ𝑀𝑀𝑀𝑀 ·  𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑀𝑀𝑀𝑀𝑑𝑑𝑑𝑑
𝑖𝑖𝑖𝑖ℎ𝑖𝑖𝑖𝑖 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑖𝑖𝑖𝑖𝑜𝑜𝑜𝑜𝑖𝑖𝑖𝑖 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑝𝑝𝑝𝑝𝑣𝑣𝑣𝑣𝑝𝑝𝑝𝑝𝑣𝑣𝑣𝑣𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑝𝑝𝑝𝑝−𝑖𝑖𝑖𝑖

𝑝𝑝𝑝𝑝𝑣𝑣𝑣𝑣𝑝𝑝𝑝𝑝𝑣𝑣𝑣𝑣𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑝𝑝𝑝𝑝−𝑖𝑖𝑖𝑖

 

 

Table 2. Decision-making matrix

Parameter Reference Limit Weight
Score

50 25 10

TAN Zang (2015) ≤ 0.5 (mg/L) 5

Pollutant 
removal 

efficiency 
≥ 80%

Pollutant 
removal 

efficiency 
50–80%

Pollutant 
removal 

efficiency
≤ 50%

COD Wang & Sample (2014) ≤ 40 (mg/L) 4

TSS Tourcious & Papenbrock (2014) ≤ 100 (mg/L) 3

DO Effendi (2020) ≥ 4 mg/L 2

pH Emmerson et al. (1975) 6–9 1

Temperature Emmerson et al. (1975) deviation 3 oC 1

Table 1. Notation for each treatment for visualization of analysis results

Fish age
(factor A)

Ratio FTW (factor B)
Source of pollutant 

(control)
FTW1 

(ratio 0.181)
FTW2 

(ratio 0.362)
FTW3 

(ratio 0.543)
FTW4 

(ratio 0.725)
a (0–3) aSP aFTW1 aFTW2 aFTW3 aFTW4

b (4–8) bSP bFTW1 bFTW2 bFTW3 bFTW4

c (9–12) cSP cFTW1 cFTW2 cFTW3 cFTW4
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The decision matrix value is seen based on the 
results of measuring water quality parameters at 
each FTW ratio and observation time group. Rank 
one is determined based on the highest total score.

RESULTS AND DISCUSSION

Source of pollution

Fish weight gain increases with age and in-
creasing amount of feed (Table 3) which has 
implications for increasing the pollutant load of 
ammonia and COD originating from the decom-
position of residual protein (organic nitrogen) in 
feed in catfish ponds.

The wastewater treatment system uses FTW

The average length of vetiver before and at 
the end of the study ranged from 56.60 to 154.80 
cm. The increase in vetiver biomass was 71.26%. 
Plant growth in FTW proves that plants effec-
tively absorb and remove nutrients (Chance et al., 
2019). The C, N, P, and K contents analyzed be-
fore and after the experiment (Table 4), showed 

an increase in FTW4 which is in line with research 
conducted by Lincoln and Zeiger (2002).

Water quality of the wastewater treatment 
system

The characteristics of the RAS pond waste-
water quality were observed in situ as in Table 5. 
Dissolved oxygen (DO) at the end of observation 
(fish age group 9–12 weeks) in FTW3 and FTW4 
pond was above 4.00 mg/L. In fish ponds, DO has 
decreased due to increasing feed input given over 
time. The decrease in DO is caused by microbiolog-
ical activities, especially nitrification and decompo-
sition of organic compounds (Kadlec and Wallace, 
2008). The temperature of the research pool ranged 
from 25.00–25.20 °C. These conditions are optimal 
for vetiver growth, namely in the temperature range 
of 17–27 °C (Rahmawan et al., 2019) and pH 6–9 
(Singh et al., 2014). Optimum pH conditions can 
increase plant growth and production (Torres et al., 
2010). The decrease in pH is influenced by the de-
composition process of organic material originat-
ing from food waste and feces resulting from fish 
metabolism (Wulandari et al., 2014, White and 

Table 3. The average weight of fish, amount of feed, TAN, and COD

Time (week) The average weight 
of fish (g)

Feed
(5% of fish weight) (g/day)

TAN
(g/day)

COD
(g/day)

0 2.47 29 0.061 11.04

2 5.36 57 0.188 22.32

4 11.32 133 0.310 29.28

6 22.89 267 0.423 51.84

8 63.02 747 0.492 59.52

10 95.34 1096 1.307 64.32

12 102.34 1096 5.606 124.80

Table 4. Concentrations of C, N, P, and K in Vetiver
Specification %C %N %P %K

Vetiver in t = 0 35.75 0.54 0.21 1.57

Vetiver in FTW1 41.13 1.28 0.39 1.77

Vetiver in FTW2 40.46 1.28 0.40 1.71

Vetiver in FTW3 41.63 1.07 0.38 1.79

Vetiver in FTW4 42.78 0.87 0.33 1.96

Lincoln dan Zeiger (2002)* 45.00 1.50 0.20 1.00

Table 5. The values of pH, DO, and temperature
Specification pH DO (mg/L) Temperature (0C)

The average 7.38 ± 0.32 6.27 ± 1.87 25.10 ± 0.07

Range 6.62 – 8.07 2.26 – 8.85 25.00 – 25.20
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Cousins,   2013). The stability of the water tempera-
ture, the level of light penetration, the water flow 
rate, and the amount of organic material in the ponds 
will influence the DO concentration.

Removal efficiency of pollutant 

The FTW wastewater treatment system effec-
tively removes the pollutant load of TAN, COD, 
TSS, TP, nitrate, phosphate, and TN respectively 
by 88.54%, 66.17%, 85.68%, 91.30%, 83.85%, 
61.46%, and 44.68% (Figure 2). The pattern of de-
creasing pollutant load for each parameter shows 
almost similar results, respectively, pollutant load 
in fish ponds > Inlet > FTW1 > FTW2 > FTW3 > 
FTW4 (Figure 2). The presence of ammonia and 
ammonium ions quickly forms an equilibrium in 
water which is greatly influenced by pH and wa-
ter temperature. Ammonia that ionizes to form 

ammonium ions (NH4
+) tends to be almost less 

dangerous than free unionized ammonia (NH3).
The toxicity of NH3 tends to increase with 

decreasing DO, pH, and temperature (Effendi, 
2003). If the pH and temperature values   tend 
to increase, the ammonia concentration will in-
crease while the ammonium ion concentration 
will decrease (Emerson et al., 1975). Average 
TAN results in each consecutive pond for cat-
fish ponds; inlet: FTW1, FTW2, FTW3, and FTW4 
of 3.565 mg/L, 2.882 mg/L, 2.117 mg/L, 1.014 
mg/L, 0.757 mg/L and 0.331 mg/L. The relatively 
high TAN, but with a neutral pH and stable tem-
perature, causes most of the ammonia to be in 
the form of ammonium ions, this is what resulted 
in research, the condition of the fish still grow-
ing well (Trussel, 1972). After going through the 
wastewater treatment process, the final average 
TAN of observations at FTW4 has met the quality 

Figure 2. The water quality profile and pollutant removal efficiency in wastewater 
treatment system (red dots indicate removal efficiency, %)
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standard value, namely <0.5 mg/L. The treatment 
of fish age group, volume ratio in FTW and the 
interaction between the two had significantly dif-
ferent effects on TAN (P<0.05), especially in fish 
over 8 weeks old. The ammonia toxicity thresh-
old is highly dependent on the species and size 
of the fish (Colt, 2006). Fish cannot tolerate high 
concentrations of ammonia because it interferes 
with the binding of oxygen by the blood which 
results in suffocation (Effendi, 2003).

The presence of ammonium and nitrate ions 
in the FTW pool water are nutrients that the veti-
ver absorbs. Nitrate is a product of ammonia ni-
trification by nitrifying bacteria under aerobic 
conditions (Montoya and Velasco, 2000), which 
is not toxic to aquatic organisms (Effendi, 2003). 
Nitrates in waters are expected to be no more than 
20 mg/L. Different plant types will absorb dif-
ferent nitrogen nutrients based on the N sources 
available in the wetland (Garnett et al., 2003). 
Plants will absorb N nutrients through the roots. 
If the available nitrogen sources are ammonium 
ions and nitrate ions, plants will prefer to absorb 
ammonium ions (Fang et al., 2007). This is be-
cause the energy required to assimilate ammoni-
um ions is lower than nitrate (Wetzel, 2001).

Total nitrogen (TN) is the sum of inorganic 
nitrogen in the form of nitrate, nitrite, ammonia, 
and organic nitrogen (Effendi, 2003, Zhang et al., 

2016). The TN results from the study tended to 
decrease with an average TN of 5.338 mg/L to 
3.71 mg/L. This value meets the quality standard 
of 25 mg/L. The highest percentage of TN remov-
al occurred in FTW4 at 44.68%, relatively lower 
than the percentage of other parameters. Percent-
age results of removal efficiency using FTW on 
TN parameters; ammonia, TP, and phosphate re-
spectively 60%, 85.2%, 82.7%, and 82.5%.

The removal of organic matter is influenced 
by the organic substrate, pH, temperature, and 
biological decomposition processes (Kataki et 
al., 2021). The average COD ranges from 72.47 
mg/L to 175.96 mg/L, which is still above the 
quality standard value of 40 mg/L. The percent-
age of COD removal ranges from 15.38–49.35%, 
it can be said that FTW is quite efficient in remov-
ing organic pollutant loads (Tchobanoglous et al., 
2004). Statistically, different age groups of fish 
and FTW ratios had a significant effect (P<0.05).

Phosphorus in cultivation ponds comes from 
leftover feed not consumed by fish, fish feces, and 
fish metabolic waste in the form of phosphate. 
Fish feed releases 71.4% of P, the remainder is 
eaten by the fish (Price and Morris, 2013). Ap-
proximately 81% of P absorption in plants de-
pends on the type of plant, plant absorption ca-
pacity, and plant surface area (White and Cous-
ins,   2013). Phosphorus in wetlands is usually 

Figure 2 Cont. The water quality profile and pollutant removal efficiency in 
wastewater treatment system (red dots indicate removal efficiency, %)
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in the form of dissolved orthophosphate (PO4
3-) 

or organic phosphorus (Masters, 2012). TP and 
phosphate during observations ranged between 
0.886–7.638 mg/L and 0.338–0.693 mg/L. TP 
and phosphate during the experiment tended to 
decrease, although, at the end of the observation 
period, only TP in FTW4 had reached < 1 mg/L. 
The percentage of TP removal in the FTW system 
is 91.30%, a higher value than Vymazal’s (2010) 
study which ranged from 40–60%.

The matrix calculation results are presented 
in Table 6. It shows that the FTW3 with a ratio 
of 0.543 in the 9–12 weeks fish age group has 
the highest total value, amounting to 360, and is 
first ranked. Thus, the FTW ratio of 0.543 at 9–12 
weeks is determined to be the most effective ratio 
in reducing the pollutant load of catfish wastewa-
ter. This is due to the greater amount of vetiver in 
FTW3 (R 0.543) compared to FTW with a lower 
ratio, causing vetiver to be able to absorb nutri-
ents in wastewater optimally (Danh et al., 2009). 
Based on the total value of the weighting matrix 
calculation, the elimination ability of FTW3 with 
a ratio of 0.543 is equivalent to FTW4 with a ratio 
of 0.725 at ages of fish 0–3, 4–8, and 9–12 weeks.

CONCLUSIONS

FTW can be a treatment system in recirculat-
ing aquaculture systems as a water conservation 
effort. The decrease in pollutant concentration oc-
curred in all FTWs. The highest removal percent-
age for TAN, COD, TSS, TP, nitrate, phosphate, 
and TN was 88.54%; 66.17%; 85.68%; 91.30%; 
83.85%; 61.46%; 44.68% respectively, in FTW4 
with a ratio of 0.725. The effective ratio between 
the volume of the FTW processing system and 
the total volume of RAS water was 0.543 (FTW3) 

in the fish age group 9–12 weeks can eliminate 
the pollutant of TAN, COD, TSS, TP, nitrate, and 
phosphate from catfish rearing wastewater.
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