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Abstract. The wastewater from a hatchery was dissimilar from a production farm in terms of 

quality and quantity of waste. The sources of wastewater were basically from uneaten food and 

fish feces. Biological treatment was a very promising process for removing dissolved organics 

from refinery wastewater. However, the low availability of clean water has become a critical 

issue to the shrimp grower. Further, carbon and phosphorus are the main constituents of most 

wastes, and removal of such elements from waste effluents can reduce the environmental stress 

and minimize ecosystem deterioration. The purpose of this study is to evaluate the factors 

affecting the removal of chemical oxygen demand (COD) and total phosphorus (TP) in the 
contaminated wastewater from hatchery industry. The factors were: ratio acclimatized mixed 

culture (AMC) to synthetic wastewater (SW) (1:3 and 2:3), the presence and absence of 

support media (Yes and No), agitation (0 rpm and 100 rpm) and retention time (4 days and 8 

days). The responses were COD and TP removal. Design Expert software was used to 

construct experimental design where all the factor was randomized. As a result, ratio AMC to 

the SW, agitation and retention time were the most contributing factors to all the responses. 

The best conditions for the contaminated wastewater from hatchery industry were at ratio (1:3) 

AMC:SW, present of support media, 0 rpm agitation and 4 days retention time.  At this 

condition the removal for COD and TP were 26.5% and 42.9% respectively.  However, by 

separating the best condition for COD and TP, the removal can achieve 69% and 75.7% 

respectively. It can be concluded that the biological treatment using AMC can treat 
contaminated wastewater from hatchery industry.  

1.  Introduction  

The wastewater from a hatchery was different from a production farm in terms of quality and quantity 

of waste [30]. There were two major elements in aquaculture wastewater; nitrogen and phosphorus [1]. 
Biological treatment was a very important process for removing dissolved organics from refinery 

wastewater. Most wastewater treatment techniques demonstrated to date had been limited to relatively 

small systems and had not been shown to be transferable to large-scale systems [16]. In a lab study by 
Boopathy et al., (2005) a sequencing batch reactor (SBR) was used to reduce COD in shrimp 

wastewater [16]. A number of physical, chemical and biological methods used in conventional 

wastewater treatment had been applied in aquaculture systems. These methods do help with total 

phosphorus removal but were costly in terms of capital investment, energy consumption and 
maintenance requirements [29]. Some of the benefits of using mixed culture included preventing 
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nitrate, nitrite, ammonia and phosphate levels, increased dissolved oxygen concentrations and 

promotion of organic matter decomposition [4]. The objectives of this study are to characterize the 

wastewater and to determine the factors affecting the removal of COD and total phosphorus in the 

contaminated wastewater from hatchery industry using acclimatized mixed culture. The most 
contributing factors and interaction between the factors were analyzed via two level factorial analysis 

(TLFA). This research aimed to determine the best condition for COD and total phosphorus removal. 

The obtained best conditions from this study could improve the process removal of COD and total 
phosphorus from hatchery wastewater. 

2.  Materials and Methods  

2.1. Collection of materials. 

The sample of wastewater and mixed culture were collected from a pond located at Setiu, Terengganu. 
Wastewater was collected from the pond and mixed culture was collected from the sediment of the 

pond [19]. The stones were bought from a shop and their diameter were ranged from 1.5 cm to 2.0 cm. 

2.2. Synthetic wastewater preparation 
The synthetic wastewater prepared according to the total phosphorus and COD contents in the 

analyzed sample. Commercial nutrient solution (CNS) was added into the wastewater if the COD and 

phosphorus content was too low. The purpose of adding the CNS was to achieve the design basis. The 
design basis of total phosphorus and COD is 10 mg/L and 250 mg/L, respectively [13]. 

2.3. Acclimatization of mixed cultures 

The process performed to make the mixed culture adapts to the COD content in the sample. 3750 mL 

of nutrient stock mixed with 1250 mL mixed culture in a bioreactor [26]. Then the COD and total 
solid concentrations were determined. The COD and TSS concentration were 285.67 mg/L and 29294 

mg/L respectively.  This process performed daily for two weeks by giving 250 mL of nutrient stock 

per day. 

2.4. Preliminary experiment  

For preliminary experiment, a new mixture of synthetic wastewater prepared to replace wastewater 

from AB Hatchery.  

In this preliminary study, the effect of retention time on COD removal was studied. The range for 
the time studied was between 0 days until 10 days. The run was based on the fixed condition which is 

the ratio of AMC to SW was (1:3), no agitation and no support media. Based on the fixed ratio of 

mixed culture to synthetic wastewater, 50 mL of AMC and 150 mL of SW were mixed to produce 200 
mL for every 11 plastic containers according to the retention time.  From the preliminary experiment, 

two retention time were chosen for factorial analysis experiment based on the highest COD removal 

which was 4 days and 8 days.  

2.5. Experimental set-up for factorial analysis 

Table 1 shows four selected factors that gave contribution to wastewater treatment. The factors 

involved were ratio AMC to SW (1:3 and 2:3), presence of support media, agitation (0 rpm and 100 

rpm) and retention time (4 days and 8 days). For factorial analysis experiment, a new mixture of SW 
was needed by using artemia to replace wastewater from AB Hatchery. The experimental setup for 

factorial analysis was conducted in two cycles which for the first cycle was 8 days and 4 days for the 

second cycle. For the first cycle, 8 conical flasks were prepared and labeled. 4 conical flask for the 
ratio (1:3) was 50mL of AMC and 150 mL of SW. Another 4 conical flasks filled with 80mL of AMC 

and 120mL of SW. The support media for the factorial analysis was stone. 80 mL of stones were 

added into 4 beakers based on the Design Expert run table. The experiment also is done in two 
conditions which were with agitation and without agitation. 4 conical flask with agitation were left on 
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an orbital shaker for 8 days with 100 rpm. For the second cycle, the same procedure has been done and 

the sample was tested after retention time 4 days. 

     

The experiment was conducted according to set-up in Table 2. The experiment set-up in Table 2 
was performed by Design Expert software where all the factors were randomized. Then, the 

experimental data were analyzed by using Design Expert software in order to determine the most 

contributing factors. There were two responses which were COD removal and total phosphorus 
removal. 

 

Table 1. Selected factor and their range 

Factors Low level High level 

Ratio AMC:SW 1:3 2:3 

SM No Yes 

Agitation 0 rpm 100 rpm 

Retention time 4 days 8 days 

 

Table 2. Experimental set-up that has been constructed by using two level factorial analysis (TLFA) 

Design Expert software (Version 7) 

 Factor 1 Factor 2 Factor 3 Factor 4 

Std Run A: Ratio AMC:SW B: Support Media C: Agitation (rpm) D: Retention time (days) 

1 1:3 Yes 0 4 

2 2:3 Yes 0 4 

3 1:3 No 0 4 

4 2:3 No 0 4 

5 1:3 Yes 100 4 

6 2:3 Yes 100 4 

7 1:3 No 100 4 

8 2:3 No 100 4 

9 1:3 Yes 0 8 

10 2:3 Yes 0 8 

11 1:3 No 0 8 

12 2:3 No 0 8 

13 1:3 Yes 100 8 

14 2:3 Yes 100 8 

15 13 No 100 8 

16 2:3 No 100 8 

2.6. Validation experiment 

A validation experiment was conducted based on the suggested of the best conditions from Design 
Expert software. The criteria set-up to select the best processing conditions were given in Table 3.  
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Table 3. Criteria for validation experiment 

Name Goal Value 

Ratio MC:SW is equal to 1:3 1:3 

Support Media is in range Yes – No 

Agitation is equal to 0.00 0 rpm 

Retention Time is equal to 4.00 4 days 

COD Removal  maximize - 

Total Phosphorus Removal maximize - 

2.7. Total Solids Analysis  

The total solids analysis was measured by using dry weight measurement method. First, the empty 

aluminum cup was weight and the weight was recorded. Then, the 50 ml of sample (mixed culture) 

was filled in the aluminum cup and weighted. Then it was placed in the oven to dry it using 120° C for 

2 hours and heat up until it dry.   
Total solids = (weight of sample – weight of empty cup)/ Volume of the sample  

2.8. Sample analysis 

Sample analysis for factorial analysis was conducted after 4 and 8 days according to the retention 
time. There were two responses which were chemical oxygen demand, COD and total phosphorus 

removal. 

2.8.1. COD removal analysis by using HACH Spectrophotometer. COD removal was determined by 
using USEPA

 
Reactor Digestion Method (Method 8000). The synthetic wastewater (SW) mixed 

acclimatized mixed culture (AMC) was diluted by using deionized water using 10 dilution factor. 

Then, COD removal was analyzed by using HACH Spectrophotometer.  

2.8.2. Total Phosphorus removal analysis by using HACH Spectrophotometer. Total phosphorus was 
determined by using Molybdovanadate with Acid Persulfate Digestion Method (Method 10127). The 

synthetic wastewater (SW) mixed acclimatized mixed culture (AMC) was diluted by using deionized 

water using 5 and 10 dilution factor. Then, total phosphorus removal was analyzed by using HACH 
Spectrophotometer.  

2.9. Data analysis 

All data obtained were recorded in Design Expert software. The responses were analyzed using 
Analysis of Variance (ANOVA) based on p-value with 95% confidence level to identify the most 

contributing factors and interaction between the factors that have an effect on both COD and total 

phosphorus removal. 

3.  Results and Discussions 

3.1. Preliminary experiments 

From the preliminary result for retention time, chemical oxygen demand, COD removal was taken 

daily in Table 4. The result from the COD removal in Figure 1 was used to determine the retention 
time for the factorial analysis experiment.  The COD removal starting increased from day 4 until day 

8. COD removal increased from day 4 to day 8 because of the acclimatized mixed culture consume the 

COD content in the wastewater. Reduction of HRT from 10 to 2.5 days reduced the COD removal 

efficiency from 74% to 57% [30]. For this preliminary experiment, from Figure 1 shows on day 4, the 
removal starting increased until day 7 and day 8 the data started fluctuated until day 10. From this 
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experiment, COD removal was 80% when using mixed culture. According to Neoh et al., (2016), 

under aerobic conditions, the COD removal only 71% when using pure culture, Ochrobactrum sp. for 

palm oil mill effluent (POME) [21]. Tangahu et al., (2019) studied, by using mixed culture, Scirpus 

grossus and Iris pseudacorus showed a better removal than its single culture when COD removal up to 
89% and BOD removal up to 97% for Batik wastewater treatment using the intermittent method [26].  

In summary, from the preliminary experiment, day 8 has the highest COD removal. The 

experiment was stopped after 10 days since all the samples took a long time to remove all the COD in 
wastewater.  COD removal recorded 59% for day 4 and 80% for day 8. It showed a positive COD 

removal from hatchery wastewater. Therefore, 4 days and 8 days were further used for factorial 

analysis. 

 
Table 4: COD test results for preliminary study that contain SW and AMC 

Time (days) COD Test Reading (mg/L) COD Removal (%) 

 R1 R2 

 

R3 

 

Average  

0 days 641 610 640 630.33 0 
1 days 604 610 615 609.67 3 

2 days 513 512 515 513.33 19 

3 days 333 336 338 335.67 47 
4 days 256 261 260 259 59 

5 days 263 259 218 246.67 61 

6 days 238 251 250 246.33 61 
7 days 291 281 284 285.33 55 

8 days 115 130 133 126 80 

9 days 129 127 135 130.33 79 

10 days 148 141 144 144.33 77 

 

 

Figure 1:  Graph of COD removal versus day of preliminary study. 
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3.2. Factorial analysis 

Table 5 shows 16 runs of experiments that were conducted for this study and the results of COD and 

total phosphorus removal. The responses were analyzed using ANOVA by using Design Expert 

software V7, based on the value with 95% confidence level to identify the most contributing factors 
and interaction between the factors on all responses. COD removal was ranged from 0 to 75.35% and 

total phosphorus removal was ranged from 0 to 75.68%. The lowest value of 0% of COD removal was 

obtained using ratio AMC to the SW was 2:3, no support media, 0 rpm, and retention time was 4 days. 
The highest value of 74 % of COD removal was obtained using ratio AMC to the SW was 2:3, no 

support media, 0 rpm, and retention time was 8 days. Hence, the lowest value of 0% of total 

phosphorus removal was obtained using ratio AMC to the SW was 1:3, no support media, 100 rpm, 

and retention time was 4 days; ratio AMC to the SW was 1:3, support media, 0 rpm, and retention time 
was 8 days; ratio AMC to the SW was 1:3, no support media, 0 rpm, and retention time was 8 days; 

ratio AMC to the SW was 1:3, support media, 100 rpm, and retention time was 8 days and ratio AMC 

to the SW was 2:3, no support media, 100 rpm, and retention time was 8 days.  
 

Table 5. Experimental results of removal COD and total phosphorus 

Std 

run 

Factor 1 Factor 2 Factor 3 Factor 4 Response 1 Response 2 

 A: Ratio 
AMC:SW 

B: 
Support 

Media 

C: 
Agitation 

(rpm) 

D: 
Retention 

time (days) 

COD 
Removal % 

Total 
Phosphorus 

Removal % 

1 1:3 Yes 0 4 23 51.27 

2 2:3 Yes 0 4 20 32.7 

3 1:3 No 0 4 40 1.3 

4 2:3 No 0 4 0 75.68 

5 1:3 Yes 100 4 48 36.27 

6 2:3 Yes 100 4 67 64.26 

7 1:3 No 100 4 64 0 

8 2:3 No 100 4 47 27.35 

9 1:3 Yes 0 8 36 0 

10 2:3 Yes 0 8 47 41.34 

11 1:3 No 0 8 50 0 

12 2:3 No 0 8 75.35 51.89 

13 1:3 Yes 100 8 38 0 

14 2:3 Yes 100 8 69 51 

15 13 No 100 8 65 51.44 

16 2:3 No 100 8 68 0 

3.3. Analysis of variance (ANOVA) for COD removal percentage   

Table 6 shows the percentage contribution for each factor towards COD removal percentage. The 
agitation (C) has the highest percentage with value of 29.26%, followed by retention time (D) with 
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value 18.63%. Continued with support media (B) with value of 3.61% and lastly ratio AMC: SW (A) 

with value 0.83%. ANOVA summary was shown in Table 7 for COD removal percentage to estimate 

the coefficient of the model, to check the significance of each parameter and to indicate the interaction 

strength of each parameter. This model showed the coefficient of determination (R
2
) was 0.9051. 

Olmez et al., (2009) suggested that a good fit of a bioprocess model, R
2
 should be at least 0.80. Since 

the R
2 

is higher than 0.8, this model was accepted. It can be concluded that this model could represent 

the process [24].  
 

Table 6. Contribution factor of COD removal percentage 

Factor % Contribution 

A – Ratio AMC : SW  0.83 

B – Support Media  3.61 

C – Agitation  29.26 

D – Retention Time  18.63 

 

Table 7. ANOVA table for COD removal percentage 

ANOVA for selected factorial model 

Source Sum of square Df Mean 
Square 

F value P-value 
Prob > F 

 

Model 5896.80 9 655.20 6.36 0.0177 significant 

A-Ratio MC:SW 53.84 1 53.84 0.52 0.4969  

B-Support Media 235.24 1 235.24 2.28 0.1815  

C-Agitation  1906.41 1 1906.41 18.50 0.0051  

D-Retention Time 1213.65 1 1213.65 11.78 0.0139  

AB 469.26 1 469.26 4.55 0.0768  

AC 113.69 1 113.69 1.10 0.3339  

AD 774.93 1 774.93 7.52 0.0336  

BD 354.85 1 354.85 3.44 0.1129  

CD 774.93 1 774.93 7.52 0.0336  

  

3.4. Main effect and interaction effect between factors on COD removal percentage  

The Pareto Chart in Figure 2 shows the main effects and interaction effects of the factors for COD 
removal. For the main effect, it showed that there are three main factors contribute to COD removal. 

Agitation (C) has shown the highest effects followed by retention time (D) and ratio AMC: SW (A). In 

Table 6, Factor C gave the highest contribution among other factors. Based on Table 1, for Factor C, 0 
rpm was set as low level and 100 rpm was set as high level. Meanwhile Factor D, 4 days was set as 

low level and 8 days was set as high level. Positive effect is when the factor is proportional to the 

response value. From Figure 2, Factor C and Factor D gave positive effect on COD removal. 
Therefore, when Factor C and Factor D are at high level, the value of COD removal is increasing. For 

interaction effects, it showed there were two interaction effects that contributed to COD removal 

which were ratio AMC: SW & retention time (AD) and agitation & retention time (CD) with positive 

and negative effects, respectively.  
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Keywords: A: ratio AMC: SW, B: Support media, C: Agitation and D: Retention time  

Positive Effects,      Negative Effects  

Figure 2. Pareto Chart of COD removal percentage 

3.5. Effect of independent processing parameters on COD removal percentage  
The effect of three independent variables on COD removal which were ratio AMC: SW, agitation, and 

retention time is shown in Figure 3a, Figure 3b and Figure 3c respectively. From Figure 3a, there was 

a significant difference in ratio AMC: SW on COD removal because at ratio 1:3, COD removal 

achieved 62.5% while at ratio 2:3, COD removal was 74.59%. This was supported by the information 
from the Pareto Chart (Figure 2) where the agitation factor was above the t-value limit. Banala et al., 

(2013) reported that the coefficients with t-value of effect above Bonferroni line are designated as 

certainly significant coefficients, and coefficients with t-value of the effect below the t-limit line is 
statistically insignificant to the response [2]. From Figure 3b, at 0 rpm agitation, COD removal 

achieved 61.34% while at 100 rpm, COD removal was 74.59% which was higher than 0 rpm. It 

showed that there was a significant difference between both agitation. Nayl et al., (2017) studied, 

wastewater from treatment facility was treated using the agitation speed range between 100 to 700 rpm 
at pH 6 for 150 min and 25 °C contributed to the 95.4% COD and 92.8% BOD removal [20]. From 

Figure 3c, COD removal was 47.75% when 4 days applied and the value of COD removal become 

higher which was 74.59% when 8 days was applied. It is supported by Li et al., (2014), by using 
retention time 5 days up to 40 days to treat the domestic wastewater, COD removal percentages were 

95% - 97% illustrating the longer the retention time, the higher the percentage removal COD [15].  
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(a) Ratio AMC:SW  (b) Agitation 

 

 

(c) Retention time  

Figure 3. Effect of most effective independent factors in COD removal percentage  

3.6. Interaction effects between factors on COD removal percentage  

Figure 4a shows the interaction effect between ratio AMC: SW and retention time (AD) on COD 

removal.  When 8 days (red line) was applied, it gave better performance on COD removal. There was 
no significant effect of ratio AMC: SW on COD removal because at ratio 1:3, COD removal achieved 

62.5%. Meanwhile at ratio 2:3, COD removal achieved was 74.59%. When 4 days (black line) was 

applied, ratio AMC: SW showed a significant effect on COD removal.  At ratio 1:3, COD removal 

achieved 63.5% and the value becomes lower which was 47.75% at ratio 2:3. In this study, the amount 
of mixed culture at ratio 2:3 was more than at ratio 1:3, therefore COD removal achieved better 

performance at ratio 2:3 when 8 days applied. Figure 4b shows the interaction effect between agitation 

and retention time (CD) on COD removal. It was the same as interaction effect of AD where COD 
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removal recorded higher value when 8 days (red line) was applied. When 8 days was applied, there 

was no significant difference of agitation on COD removal because COD removal achieved 61.34% at 

0 rpm and 74.59% at 100 rpm. Meanwhile, when 4 days (black line) was applied, there was a 

significant difference of agitation compare to 8 days on COD removal because at agitation 0 rpm, 
COD removal achieved 6.67% while at 100 rpm, COD removal was 47.75%. As indicated by the 

Pareto chart (Figure 2), the most significant factors were agitation and retention time because they 

were above t-value Limit. The effect of agitation and retention is the most significant when 100 rpm 
and 8 days were applied. 

 

 

 

 

(a)Factor ratio AMC: SW and retention time (AD)  (b) Factor agitation and retention time (CD) 

Figure 4. Analysis of interaction effects on COD removal percentage 

3.7. Analysis of variance (ANOVA) for total phosphorus removal  

Table 8 shows the percentage contribution for each factor towards total phosphorus removal 
percentage. The ratio AMC: SW (A) has the highest percentage with value of 24.53%, followed by 

retention time (D) with value of 5.12%. Continued with support media (B) with value of 2.82% and 

lastly agitation (C) with value 0.34%. The complete removal of total phosphorus approximately 4 to 6 

days only which in this experiment, we found the highest total phosphorus removal was on day 4 [6]. 
ANOVA summary was shown in Table 9 for COD removal percentage to estimate the coefficient of 

the model, to check the significance of each parameter and to indicate the interaction strength of each 

parameter. This model showed the coefficient of determination (R
2
) was 0.9958. It can be concluded 

that this model could represent the process.  

 

Table 8. Contribution factors of total phosphorus removal 

Factor % Contribution 

A – Ratio AMC : SW  24.53 

B – Support Media  2.82 

C – Agitation  0.34 

D – Retention Time  5.12 
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Table 9. ANOVA table for total phosphorus removal percentage 

ANOVA for selected factorial model 

Source Sum of square Df Mean 
Square 

F value P-value 
Prob > F 

 

Model 10552.71 12 879.39 59.15 0.0032 significant 

  A-Ratio MC:SW 2599.47 1 2599.47 174.85 0.0009  

  B-Support Media 299.12 1 299.12 20.12 0.0207  

  C-Agitation  35.58 1 35.58 2.39 0.2196  

  D-Retention Time 542.42 1 542.42 36.48 0.0091  

  AC 553.90 1 553.90 37.26 0.0088  

  BC 363.86 1 363.86 24.47 0.0158  

  BD 519.38 1 519.38 34.93 0.0097  

  CD 111.72 1 111.72 7.51 0.0713  

3.8. Main effect and interaction effect between factors on total phosphorus removal   

The Pareto Chart in Figure 5 shows the main effects and interaction effects of the factors to total 
phosphorus. For the main effect, it shows that ratio AMC: SW (A) is the highest main contributing 

factor to total phosphorus removal. In Table 8, Factor A gave the highest contribution among other 

factors. Based on Table 1, for Factor A, 1:3 was set as low level and 2:3 was set as high level. Positive 

effect is when the factor is proportional to the response value. From Figure 5, Factor A gave positive 
effect on the total phosphorus removal. Therefore, when Factor A is at high level, the value of total 

phosphorus removal is increasing. For interaction effects, support media and retention time (AC) gave 

the highest positive contribution to total phosphorus removal followed by support media and retention 
time (BD) and support media and agitation (BC). The effect of using stirred flask together with the 

ratio of the mixed culture used in the wastewater contributed to the highest removal of total 

phosphorus [6]. 
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Keywords: A: ratio AMC: SW, B: support media, C: agitation and D: retention time 

Positive Effects,       Negative Effects 

Figure 5: Pareto Chart of total phosphorus removal 

3.9. Effect of independent processing parameters on total phosphorus removal  
Figure 6a shows the effect of three independent variables (ratio AMC: SW, support media and 

retention time) on total phosphorus removal. As supported by Pareto Chart Figure 5, the ratio AMC: 

SW was the most significant factor in total phosphorus removal because it was above Bonferroni 
Limit in positive effect. Total phosphorus removal achieved 1.26% when ratio 1:3 used, however the 

value of total phosphorus removal become higher 75.72% when ratio 2:3 was used. When the four 

types of bacteria were mixed together become the mixed culture, the removal of total phosphorus from 

rubber wastewater was 69% which was higher compared to the used of each bacteria which was pure 
culture [25]. Figure 6b shows that studied support media (between yes and no) give a significant effect 

on total phosphorus removal.  Total phosphorus removal was 30.37% at yes which was present of 

support media while it became higher (75.72%) at no which was absent of support media. The 
maximum COD and BOD5 reduction achieved when using support media such as PVC was 80.1% and 

72.1%, respectively [27]. Figure 6c shows that studied retention time (between 4 days and 8 days) 

total phosphorus removal was 75.72% when 4 days applied and the value of total phosphorus removal 
become lower which was 51.80% when 8 days was applied. The best retention time for total 

phosphorus removal approximately 4 to 6 days only which was contributed to 100% total phosphorus 

removal [6].  
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(a) Factor ratio AMC: SW  (b) Factor support media 
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(c) Factor retention time 

Figure 6. Analysis of most effective independent factor in total phosphorus removal 

3.10. Interaction effects between factors on total phosphorus removal   

Figure 7a shows the interaction effect between the ratio AMC: SW and agitation (AC) on total 
phosphorus removal. When using ratio 2:3, for both 0 rpm (black line) and 100 rpm (red line) 

agitation, the total phosphorus removal value achieved 75.72% and 24.96%, respectively which was 

higher than ratio 1:3. Besides, there was no significant difference of agitation on total phosphorus 
removal when using ratio 1:3 but it showed a significant difference when using ratio 2:3. As indicated 

by Pareto Chart Figure 5, the most significant factor was ratio AMC: SW because it was above 

Bonferroni Limit while agitation was insignificant factor to total phosphorus removal since it was 
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below than t-limit. Therefore, the ratio AMC: SW has important effect on total phosphorus removal. 

Total phosphorus removal achieved for ratio 1:3 was 1.26% at 0 rpm and become higher which was 

2.39% at 100 rpm agitation. Figure 7(b) shows the interaction effect between support media and 

retention time (BD) on total phosphorus removal. When 4 days (black line) was applied, it gave a 
better performance on total phosphorus removal. There was a significant difference of present support 

media on total phosphorus removal because at present support media, total phosphorus removal 

achieved 30.37% while at absent support media, total phosphorus removal was 74.72%. When 8 days 
(red line) was applied, there was no significant difference of present of support media on total 

phosphorus removal because total phosphorus removal achieved 43.73% at present of support media, 

while at absent support media total phosphorus removal was 51.80%. Figure 7(c) shows the interaction 

effect between support media and agitation (BC) on total phosphorus removal. When 0 rpm (black 
line) was applied, it gave a better performance on total phosphorus removal. There was a significant 

difference of present support media on total phosphorus removal because at present support media, 

total phosphorus removal achieved 30.37% while at absent support media, total phosphorus removal 
was 75.72%. When 100 rpm agitation was applied, it shows a significant difference because the total 

phosphorus removal achieved 64.35% at present support media, while at absent support media total 

phosphorus removal was 24.96%.  
 

 

 
(a) Factor ratio AMC: SW and agitation (AC) 
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(b) Factor ratio support media and retention time 

(BD) 

 (c) Factor support media and agitation (BC) 

Figure 7: Interaction factor for total phosphorus removal 

3.11. Best condition for COD removal 

For getting the highest COD removal, the best conditions for COD removal was determined during the 

experiments by Design Expert software (Table 10).  

 

Table 10. Suggested best condition of COD for contaminated wastewater from hatchery industry 

Ratio AMC:SW 2:3 

SM No 

Agitation 100 rpm 

Retention time 8 days 

 

Three runs were conducted in order to compare the predicted result from Design Expert software 

and the actual result. Table 11 shows the comparison of predicted and actual data of total phosphorus 
removal. Run 1 was selected due to the highest value of COD removal compared to others. The 

highest total phosphorus removal achieved was 69%.  

 

Table 11. Results from best condition for COD removal 

COD Removal (%) 

 Predicted Actual Error (%) 

Run 1  74.59 69 8.10 

Run 2   68 9.69 

Run 3  68 9.69 

3.12. Best condition for total phosphorus removal 

For getting the highest total phosphorus removal, the best conditions for total phosphorus removal was 
determined during the experiments by Design Expert software (Table 12).  
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Table 12. Suggested best condition of total phosphorus for contaminated wastewater from 

hatchery industry 

Ratio AMC:SW 2:3 

SM No 

Agitation 0 rpm 

Retention time 4 days 

 

Three runs were conducted in order to compare the predicted result from Design Expert software 

and the actual result. Table 13 shows the comparison of predicted and actual data of total phosphorus 
removal. Run 2 was selected due to the lowest value of error compared to others. The highest total 

phosphorus removal achieved was 75.68%. 

 

Table 13. Results from best condition for total phosphorus removal 

Total Phosphorus Removal (%) 

 Predicted Actual Error (%) 

Run 1  75.72 71.18 6.38 

Run 2   75.68 0.05 

Run 3  70.82 6.92 

3.13. Best condition for both highest COD and phosphorus removal  

Validation experiment was conducted based on the suggested of the best conditions by Design Expert 
software (Table 14). Three runs were conducted in order to compare the predicted result from Design 

Expert software and the actual result. The error was calculated by using equation (1). Table 15 shows 

the comparison of predicted and actual data on COD removal and total phosphorus. Run 3 was 

selected due to the lowest value of error compared to others. At condition to achieve the highest values 
for both COD and total phosphorus removal, we managed to achieve only 26.5% and 46.5% for COD 

and total phosphorus removal respectively. 

 
Error calculation=|(actual-predict)/actual|×100                   (1) 

 

Table 14. Suggested best condition for contaminated wastewater from hatchery industry 

Ratio AMC:SW 1:3 

SM Yes 

Agitation 0 rpm 

Retention time 4 days 

 

Table 15. Results from suggested best condition 

 COD Removal (%)  Total Phosphorus (%) 

 Predicted Actual Error  

(%) 

Predicted Actual  Error 

(%) 

Run 1  24 25.58 6.18 53.60 42.86 25.07 

Run 2   26.36 8.95  41.57 28.95 

Run 3  26.49 9.40  46.50 15.28 
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4.  Conclusion 

The purpose of this study is to determine the factors affecting the removal of chemical oxygen 

demand, (COD) and total phosphorus in the contaminated wastewater from hatchery industry. For 

COD removal, the best condition was using 2:3 ratio AMC: SW, absent support media, 100 rpm 
agitation and 8 days retention time while the best condition for total phosphorus removal had the same 

best condition as COD removal except for the agitation and retention time because the agitation and 

retention time for total phosphorus removal were 0 rpm and 4 days respectively.  The important 
factors for COD removal were ratio, agitation and retention time while for total phosphorus removal 

the important factor was ratio of AMC: SW only. Therefore, the best condition is different for COD 

removal and total phosphorus removal. Both processes have different requirements, which contribute 

to the different conditions for each removal. Further research on the treatment of hatchery wastewater 
using biological treatment is recommended. It would be best to investigate the other contaminants in 

the wastewater that could be treated using mixed culture and different factors. 

Acknowledgment 
The author wishes to acknowledge the Universiti Malaysia Pahang for funding the project under grant 

RDU1803119. 

References 
[1] Axler, R C, C Larsen, C Tikkanen, M McDonald, S Yokom, and P Aas 1996a Water-quality 

issues associated with aquaculture: a case study of mine pit lakes. Water Environment Research 

68 (6): 995–1011. 

[2] Banala VT, Srinivasan B and Rajamanickam D 2013 ISRN Pharmaceutics 1-15. 
DOI:10.1155/2013/719196 

[3] Biochemistry, A & Ashok, V 2015 Vaishali Ashok, Amritanshu Shriwastav, (October 2014). 

https://doi.org/10.1007/s12010-014-1229-z 
[4] Boyd, C.E. 1995. Chemistry and efficacy of amendments used to treat water and soil quality 

imbalances in shrimp ponds. In: Swimming through troubled waters. Proceedings of the 

Special Session on Shrimp Farming, Aquaculture 1995. (eds.C.L. Browdy and J.S. Hopkins), 

pp. 166-188. World Aquaculture Society, Baton Rouge, USA. 
[5] Craggs, R J, Sutherland, D L, Broady, P A, Howard-Williams, C & Turnbull, M H 2014 

Enhancing microalgal photosynthesis and productivity in wastewater treatment high rate algal 

ponds for biofuel production. Bioresource Technology, 184, 222–229. 
https://doi.org/10.1016/j.biortech.2014.10.074 

[6] Delgadillo-Mirquez, L, Lopes, F, Taidi, B, & Pareau, D 2016 Nitrogen and phosphate removal 

from wastewater with a mixed microalgae and bacteria culture. Biotechnology Reports, 11, 
18–26. https://doi.org/10.1016/j.btre.2016.04.003 

[7] Graham, D W 2013 Wastewater treatment : Biological Wastewater Treatment : Biological, 

(July 2014). https://doi.org/10.1081/E-EEM-120046063    

[8] Graslund, S 2001 <Science of The Total Environment Volume 280 issue 1-3 2001 [doi 
10.1016%2Fs0048-9697%2801%2900818-x] Sara Gräslund; Bengt-Erik Bengtsson Chemicals 

and biological products used in south-east Asian s.pdf>.  

[9] Jia, H, & Yuan, Q 2016 Removal of nitrogen from wastewater using microalgae and 
microalgae bacteria consortia. Cogent Environmental Science, 2(1), 1–15. 

https://doi.org/10.1080/23311843.2016.1275089 

[10] Joazeiro, E, & Maria Goulart; Scherer, M D dos A 2012 Trabalho coletivo e transmissão de 
saberes na saúde : desafios da assistência e da formação Training and collective work on 

health :challenges of care and transmission of knowledge Formation et travail collective dans la 

sante :les defis des soins et de. Revista Tempus Actas de Saúde Coletiva, 6(2), 26811–26812. 

[11] Ke, W, Ren, C & Lu, H 2007 Selection of Blocked Two-Level Fractional Factorial Designs for 
Agricultural Experiments Annual Conference on Applied Statistics in Agriculture Paper 6 



JICETS 2019

Journal of Physics: Conference Series 1529 (2020) 052038

IOP Publishing

doi:10.1088/1742-6596/1529/5/052038

18

 

 
 

 

 

 

[12] Kumar A, Kumar S 2005 Biodegradation kinetics of phenol and catechol using Pseudomonas 

putida MTCC 1194. Biochem Eng J; 22:151-159. 

[13] Krishnaswamy, U, & Muthuchamy, M 2011 Biological removal of phosphate from synthetic 

wastewater using bacterial consortium, 9(1), 37–49. 
[14] Leungprasert, S, & Chanakul, P 2010 The Reuse of Shrimp Culture Wastewater Treated by 

Nitrification and Denitrification Processes, 1(5), 371–377. 

[15] Li, B, & Wu, G 2014 Effects of Sludge Retention Times on Nutrient Removal and Nitrous 
Oxide Emission in Biological Nutrient Removal Processes, 3553–3569. 

https://doi.org/10.3390/ijerph110403553 

[16] Lyles, C, Boopathy, R., Fontenot, Q, & Kilgen, M 2008 Biological treatment of shrimp 

aquaculture wastewater using a sequencing batch reactor. Applied Biochemistry and 
Biotechnology, 151(2–3), 474–479. https://doi.org/10.1007/s12010-008-8216-1 

[17] Markou, G; Vandamme, D; Muylaert, K Microalgal and cyanobacterial cultivation: The supply 

of nutrients. Water Res 65, 186–202. 
[18] Marton, E 2008 Polycultures of fishes in aquaponics and recirculating aquaculture Aquaponics 

J 48 28–33 

[19] Musa, N S, & Ahmad, W A 2010 Journal of Fundamental Sciences, 6(2), 88–92. 
[20] Nayl, A E A, Elkhashab, R A, Malah, T, Yakout, S M, El-khateeb, M A, Ali, M M S, & Ali, H 

M 2017 Adsorption studies on the removal of COD and BOD from treated sewage using 

activated carbon prepared from date palm waste, (November). https://doi.org/10.1007/s11356-

017-9878-4   
[21] Neoh, C H, Lam, C Y, Ghani, S M, Ware, I, Hajar, S, Sarip, M, & Ibrahim, Z 2016 

Bioremediation of high-strength agricultural wastewater using. 3 Biotech, 1–9. 

https://doi.org/10.1007/s13205-016-0455-1 
[22] Ogbonna, J C, Yoshizawa, H, & Tanaka, H 2000 Treatment of high strength organic 

wastewater by a mixed culture of photosynthetic microorganisms. Journal of Applied

 Phycology, 12, 277–284. https://doi.org/10.1023/A:1008188311681 

[23] Oldham, W K 1994 Biological nutrient removal - supplementary processes, (August). Stat-
Ease. (2017). Retrieved from Design Expert: https://www.statease.com/docs/v11/tutorials/two-

level-factorial.html   

[24] Olmez T 2009 Journal of Hazardous Materials 162 (2-3) 1371-1378 
DOI:10.1016/j.jhazmat.2008.06.017 

[25] Rakocy, J E, Masser, M P; Losordo, T M 2006 Recirculating aquaculture tank production 

systems: Aquaponics—Integrating fish and plant culture. SRAC Publication 454 16 
[26] Tangahu, B V, Ningsih, D A, Kurniawan, S B., & Imron, M F 2019 Study of BOD and COD 

Removal in Batik Wastewater using Scirpus grossus and Iris pseudacorus with Intermittent 

Exposure System, 20(5), 130–134.   

[27] Tri, N H, Lebel, L, Saengnoree, A, Thoa, L K, Pasong, S & Buatama, U 2009 Industrial 
Transformation and Shrimp Aquaculture in Thailand and Vietnam: Pathways to Ecological, 

Social, and Economic Sustainability? AMBIO: A Journal of the Human Environment, 31(4), 

311–323. https://doi.org/10.1579/0044-7447-31.4.311 [10]    
[28] Tsolcha, O N, Tekerlekopoulou, A G, Akratos, C S, Aggelis, G, Genitsaris, S, Moustaka-

Gouni, M & Vayenas, D V 2018 Agroindustrial wastewater treatment with simultaneous 

biodiesel production in attached growth systems using a mixed microbial culture. Water 
(Switzerland), 10(11), 1–25. https://doi.org/10.3390/w10111693 

[29] Turcios, A E, & Papenbrock J 2014 Sustainable Treatment of Aquaculture Effluents—What 

Can We Learn from the Past for the Future 836–856. https://doi.org/10.3390/su6020836 

[30] Velvizhi, G 2019 Overview of Bioelectrochemical Treatment Systems for Wastewater 
Remediation. Biomass, Biofuels, Biochemicals. Elsevier B.V. https://doi.org/10.1016/B978-

0444-64052-9.00024-8 



JICETS 2019

Journal of Physics: Conference Series 1529 (2020) 052038

IOP Publishing

doi:10.1088/1742-6596/1529/5/052038

19

 

 
 

 

 

 

[31] Wastewater, R 2013 Acclimatization Process of Microorganisms from Activated Sludge in 

Kenaf- Acclimatization Process of Microorganisms from Activated Sludge in Kenaf-Retting 

Wastewater, (August 2017). https://doi.org/10.1007/978-1-4614-6208-8 

[32] Young, J A, Murray F J, Little, D C, Al Mamun, A, Zhang, W & Newton, R W 2017 
Sustainable intensification of aquaculture value chains between Asia and Europe: A framework 

for understanding impacts and challenges. Aquaculture, 493 (October  2017)338–354. 

https://doi.org/10.1016/j.aquaculture.2017.12.033 
[33] Zahran, A R 2013 Two-level factorial design with circular response: model and analysis. 

Journal of Data Science 11, 415-432 

 


	Three runs were conducted in order to compare the predicted result from Design Expert software and the actual result. Table 13 shows the comparison of predicted and actual data of total phosphorus removal. Run 2 was selected due to the lowest value of...

