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Application of lightweight concrete scraps as a bacteria anchoring material
for treating aquaculture water
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ABSTRACT: An important factor in water quality for aquaculture is the presence of nitrogen compounds such as
ammonia and nitrite originating from leftover feed and the debris of dead organisms in the pond. Anchoring
materials for water treatment bacteria such as corals or volcanic rocks are commonly used. However, these
materials are currently expensive and need to be imported. Utilization of an alternative low-cost bacterial
anchoring material (lightweight concrete scraps: LCS) in combination with inoculation of Bacillus subtilis
for water treatment was conducted. This research involved the following steps: (1) analyzed the surface of LCS
through surface imaging, (2) determined the percentage of dissolved dust, (3) monitored changes in water quality,
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and (4) measured the bacterial habitation on LCS. The results showed that LCS which were divided
into three size categories: 25-30 mm (S), 35-40 mm (M), and 41-45 mm (L) (1), had a porous structure with pore
size of approximately 200 micrometers. These pores occupied around 5% of LCS’s total surface area. (2) When
soaked in water, the LCS exhibited slight solubility with dissolved dust around 9-10% of its dry weight. (3) The
study found that the alkaline, total soluble solid, and pH increased as LCS submerge times increased (P < 0.05).
However, these parameters are still in acceptable limits for aquaculture. (4) Additionally, the use of 35-40 mm LCS
resulted in a significantly higher bacterial count compared to the other experimental sets (P < 0.05). The LCS
slightly reduced levels of ammonia and nitrite in the water. However, LCS (regardless of size) was not significantly
different in terms of water quality parameters compared to other experimental sets (P > 0.05). These properties
demonstrate that LCS can serve as a substitute material for lava rock in aquaculture biofiltration systems.
Keywords: lightweight concrete scraps; water treatment bacteria; Bacillus subtilis; water quality; biofilter media
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Figure 1 Experimental Equipment
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Table 1 Level and frequency of catfish diet and Bacillus subtilis supplement during the experiment

Experimental period (day)
1 7 14 21 28

Additives

Catfish diet (g) 5 5 5 5 5
Bacillus subtilis (g) 0.18 0.18 0.18 0.18 0.18
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Figure 2 Porosity of lightweight brick at 200 micrometers
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Table 2 pH of water containing catfish feed and Bacillus subtilis during 35-day experimental period

Experimental period (day)

Treatment p-value
7 14 21 28 35
No material 7.69+0.04° 7.47+0.03° 7.41+0.14° 7.26+0.07° 7.32+0.06° 0.000
Lava rock 7.65+0.03° 7.49+0.02° 7.62+0.05° 7.39+0.03 7.40+0.05° 0.000
LC (S) 8.06+0.06" 8.08+0.03° 8.20+0.05° 8.15+0.05° 8.18+0.03° 0.000
LC (M) 8.13+0.02° 8.11+0.02° 8.25+0.01° 8.20+0.02° 8.25+0.03" 0.000
LC (L) 8.15+0.03" 8.15+0.04° 8.09+0.04° 8.19+0.03° 8.24+0.01° 0.000

Note: Vertically different letters indicate a statistically significant difference at p < 0.05.
LC (S)= lightweight concrete with particle size of 25-30 mm
LC (M)= lightweight concrete with particle size of 35-40 mm
LC (L)= lightweight concrete with particle size of 41-45 mm
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Table 3 Total dissolved solids (TDS) of water containing catfish feed and Bacillus subtilis during 35-day

experimental period

TDS (mg/L)
Treatment
7 14 21 28 35 p-value

No material 41.33+2.08° 46.33+1.15° 51.00+1.00° 55.87+3.31° 62.53+1.46° 0.000
Lava rock 46.33+2.08° 51.67+2.52° 54.00+3.00° 62.23+2.90° 67.73+3.02° 0.000
LC (S) 195.00+10.82°  219.00+11.53°  230.00£2.00°  253.67+11.59°  264.67+6.43° 0.000
LC (M) 184.00+12.49°  211.67+12.22°  230.00+13.45°  240.67+25.01°  262.00+23.07°  0.000
LC (L) 172.00+6.08° 195.0049.54°  211.33+10.26°  229.67+11.15°  248.67+11.15°  0.000

Note: Vertically different letters indicate a statistically significant difference at p < 0.05.

LC (S)= lightweight concrete with particle size of 25-30 mm

LC (M)= lightweight concrete with particle size of 35-40 mm

LC (L)= lightweight concrete with particle size of 41-45 mm

Aanuusng (Alkaline) Wieduganisnaassmuinnuniniivesanisnaaesiiinislddguauviausuin

fienanudusaivdumuszsezanfinnniu lnefidainiyeeuauilifinslifannsewazyanisnaaesiliiugn

Tiduiannses (P<0.05) BelinisugdguoainluidunaiuwuddealidiAaudusiisluue iufigeaan unansing

Aunsldfiuguanliuazganasasiliidannsas lnsaranuduiwesgpnaassilddguaiunfisuiugeilil fagnses

wagAiugli nundianuuandesnusiun 7 wasiinaiulseanaaesindieduannisvnaes (Table 4)

Table 4 Alkaline of water containing catfish feed and Bacillus subtilis during 35-day experimental period

Experimental period (day)

Treatment p-value
7 14 21 28 35
No material 33.00+2.65°  30.33+1.53°  28.67+0.58°  30.67+2.08"  32.00+1.00° 0.00
Lava rock 30.00+1.00°  33.33+2.08°  29.67+1.53°  33.33:4.04°  31.33+3.51° 0.00
LC (S) 48.67+1.53°  47.33+551°  51.33+6.11°  54.67+4.93°  59.67+5.86" 0.00
LC (M) 48.33+5.86°  49.33+321°  56.00+3.61°  61.67+6.66°  56.33+2.52° 0.00
LC (L) 47.00+1.00°  47.67+5.03°  51.67+2.31°  5333x473°  53.00+8.89" 0.00

Note: Vertically different letters indicate a statistically significant difference at p < 0.05.

LC (S)= lightweight concrete with particle size of 25-30 mm

LC (M)= lightweight concrete with particle size of 35-40 mm

LC (L)= lightweight concrete with particle size of 41-45 mm
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Table 5 Ammonia of water containing catfish feed and Bacillus subtilis during 35-day experimental period

Experimental period (day)

Treatment p-value
7 14 21 28 35
No material 0.27+0.34° 0.05+0.02° 0.06+0.02° 0.10+0.02° 0.12+0.10° 0.781
Lava rock 0.45+0.14° 0.04+0.01° 0.05+0.02° 0.05+0.03° 0.08+0.02° 0.211
LC (S) 0.19+0.07° 0.06+0.00° 0.03+£0.01° 0.04+0.02° 0.07+0.03° 0.208
LC (M) 0.25+0.17° 0.04+0.01° 0.05+0.01° 0.04+0.02° 0.07+0.03° 0.041
LC (L) 0.29+0.38" 0.04+0.01° 0.04+0.01° 0.04+0.02° 0.06+0.05° 0.643

Note: Vertically different letters indicate a statistically significant difference at p < 0.05.
LC (S)= lightweight concrete with particle size of 25-30 mm
LC (M)= lightweight concrete with particle size of 35-40 mm
LC (L)= lightweight concrete with particle size of 41-45 mm
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HeedAgy (P>0.05)
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Table 6 Nitrite of water containing catfish feed and Bacillus subtilis during 35-day experimental period

Experimental period (day)

Treatment p-value
7 14 21 28 35
No material 0.53+0.59° 01.27+0.50° 0.74+0.59° 0.04+0.02° 0.04+0.01° 0.216
Lava rock 0.09+0.05° 0.03+0.01° 0.03+0.01° 0.01£0.01° 0.03+£0.02° 0.000
LC(S) 0.11+0.07° 0.03+0.01° 0.02+0.01° 0.02+0.01° 0.03+0.02° 0.025
LC (M) 0.02+0.02° 0.04+0.01° 0.02+0.02° 0.02+0.01° 0.07+0.03° 0.035
LC (L) 0.07+0.10° 0.07+0.06° 0.02+0.01° 0.02+0.01° 0.05+0.01° 0.171

Note: Vertically different letters indicate a statistically significant difference at p < 0.05.
LC (S)= lightweight concrete with particle size of 25-30 mm
LC (M)= lightweight concrete with particle size of 35-40 mm
LC (L)= lightweight concrete with particle size of 41-45 mm
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Figure 3 Colonies of Bacillus subtilis on soyabean casein digest agar
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Table 7 Bacillus subtilis (x10" CFU/ml) found on bacterial anchoring materials during 35-day experimental period

Experimental period (day)

Treatment p-value
7 14 21 28 35

No material ~ 15.33+1.53"  42.67+8.02° 136.67+8.50° 117.33+22.23°  117.67+17.95° 0.210

Lava rock 14.33+0.58°  44.00+9.85° 148.67+18.58°  167.33+16.50°°  184.00+6.24°" 0.017

LC (S) 11.00£5.29°  48.33x8.50"°  206.00+4551%  217.00+32.74°  233.00+37.24° 0.000

LC (M) 22.67+9.87°  72.33+11.50°  441.00+42.79°  297.00+50.03°  307.00+25.63° 0.000

LC (L) 11.67+7.37°  50.00+7.94"°  260.33+15.82°  272.00+13.00°  288.33+11.68 0.000

Note: Vertically different letters indicate a statistically significant difference at p < 0.05.
LC (S)= lightweight concrete with particle size of 25-30 mm
LC (M)= lightweight concrete with particle size of 35-40 mm
LC (L)= lightweight concrete with particle size of 41-45 mm
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