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Inorganic nutrients such as nitrogen and phosphate compounds accumulate in recirculating aquaculture systems.
These nutrients must be removed from the system before they affect pH and fish health. For this purpose, aquatic
plants are a simple and inexpensive method of removal. There are four commonly used aquatic plants: Eichhornia
crassipes (water hyacinth), Pistia stratiotes (water lettuce), Hygrophila angustifolia, and Hydrocotyle leucocephala
in freshwater recirculating aquaculture systems in Korea, but their efficiencies are not known. Therefore, removal
efficiencies of inorganic nutrients from a freshwater recirculating aquaculture water with four commonly used
aquatic plants were tested. Removing efficiencies of TAN, NO;-N, and NO;-N of the plants in 210 L aquaria for
48-hour period were tested. The removing efficiencies of TAN, NO;-N, and PO;"- P of the two most effective
plants, water hyacinth and water lettuce, were also tested in 690 L (surface arca of 1.55 m?) tanks under 2 different
initial stocking densities, 4 kg and 6 kg, for 22 days. Proximate analysis major nutrients and N and P contents of
the all plants were analyzed for calculating net removal weight of N and P by the plants. Water lettuce was the most
effective for removing TAN, NO,™-N, and NO5™-N from the water for 48-hour period tested followed by water hyacinth
and Hygrophila angustifolia. Water lettuce reduced TAN, NO,-N, and NO;™-N concentration from 2.3 mg/L, 0.197
mg/L, and 21.4 mg/L to 0.4 mg/L, 0.024 mg/L and 17.4 mg/L, respectively while water hyacinth reduced them
down to 0.6 mg/L, 0.029 mg/L and 17.9 mg/L, respectively. The concentrations of TAN, NO:-N, and NO;-N in
Hydrocotyle leucocephala group were rather increased up to 3.7 mg/L, 5.7 mg/L and 48.2 mg/L, respectively. This
is because the creeping stem of Hydrocotyle leucocephala had to be cut to meet stocking weight resulting in decay-
ing of the stem in the aquaria during experiment. The net growth in weight of water hycinth and water lettuce of
4 kg each in the 1.55 m? tanks for 22 days were 9.768 kg and 10.803 kg respectively, and those at initial weight
of 6 kg each were 8.393 kg and 9.433 kg, respectively. The reason of lower net growth in the later group was
restricted growth space. Nitrogen and phosphorus contents in water hyacinth were 2.89% and 0.27%, and those
in water lettuce were 3.87% and 0.36%, respectively. Average quantities of removed N and P from 1.55 m?® tanks
by water hyacinth for 22 days were 18.9 g and 1.75 g, while those by water lettuce were 36.8 g and 3.5 g, respec-
tively. Therefore water lettuce showed much higher efficiencies for removing both N and P from recirculating
aquaculture water than water hyacinth.
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Table 1. Instruments used to estimate the efficiency of nutrient
removal by selected aquatic plants from recirculating aquaculture
system

Parameter  Ulint Experimental Analytical instrument
method
Jon Meter (Orion Reserch
*
TAN mg/L  Standard method Inc, Model 720A)

- Spectrophotometer (DR
NO,;-N  mg/lL Standard method 2000, Hach Co. USA)
NOsN mgL Standard method 107 Chromatography

(Dionex Model DX-100)
5 3 Ton Chromatography
PO, P mg/L Standard method (Dionex Model DX-100)
Temp. °C  Standard method DO-meter (KRK, KDO-

5151, Japan)

*TAN: total ammonia nitrogen

Z o] &31H oM, NOs-N 248 B34 A4 (DR 2000, HACK
Co., USA)E, NO;-N, PO -P=
of 24313 )(Table 1).
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Table 2. Effect of 48 hour residence of selected aquatic plants on inorganic nitrogen concentration in recirculating aquaculture water.

Soec TAN (mg/L) NO;™-N (mg/L) NO;™-N (mg/L)

ecies

P Oh 24h 48 h Oh 24 h 48 h Oh 24 h 48 h
Eichhornia crassipes 23200 14x0.1 0.6x0.1 0.197£0.001 0.057+0.003 0.029+0.002 21.4+0.2 20.8+0.3 17.9+0.7
Pistia stratiotes 2.3+0.0 1.120.1 0.4x0.1 0.197x0.001 0.029£0.002 0.024+0.002 21.4+0.2 20.120.5 17.4+09
Hygrophila angustifolia 23200 1.7+0.1 1.60.1 0.197£0.001 0.170£0.001 0.150+0.001 21.4+0.2 20.1+0.4 20.1x0.3
Hydrocotyle leucocephala 2.3x0.0 2.6£0.1 3.7+0.1 0.197+0.001 2.91+0.150 5.7+£0.532 21.4x0.2 28.4+1.2 48.2%3.5
Control 2.3+0.0 2.2+0.0 2.0£0.1 0.197+0.089 0.199+0.2 0.1992£23.6  21.4+25.0 23.6x0.5 25.0£04
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FE&2Z E crassipes®] 73 0.25~0.33 mg/LS} 32.6~62.6%°]
HAE B, P stratiotes®] 735 0.24~0.34 mg/L} 32.6~
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Table 3. Effect of initial plant biomass on TAN removal efficiency in recirculating aquaculture tanks after 22 days resideice of E.

crassipes and P. stratiotes.

Effluent (mg/L) Removal Efficiency (%)
Weight (kg)  Day Influent (mg/L)
E. crassipes P. stratiotes Control E. crassipes P. stratiotes

4 1 0.43+0.00 0.28+0.02 0.28+0.01 0.42+0.00 32.6+4.7 32.6+1.0
4 0.53+0.00 0.33+0.01 0.33+0.01 0.52+0.01 35.8£1.9 35.8+1.0

7 0.47+0.01 0.26+0.01 0.24+0.01 0.45+0.01 40.4+2.1 44.742.1

10 1.15+0.01 0.33+0.01 0.34+0.01 1.05+0.01 62.6+0.9 61.7+£0.9

13 0.87+0.01 0.25+0.01 0.24+0.01 0.76x0.01 58.6£1.5 59.8£1.5

16 0.79+0.01 0.15+0.01 0.13+0.01 0.54=0.01 49.4+1.0 51.9+£1.3

19 0.66+0.01 0.13+0.01 0.10+0.01 0.50+0.01 56.1%1.5 60.6+1.5

22 0.64+0.01 0.08+0.00 0.06+0.01 0.44+0.01 56.3+0.0 59.4£1.0

6 1 0.60+0.00 0.37+0.02 0.33+0.01 0.59+0.00 36.7+3.4 43.3£1.7
4 0.45+0.00 0.24+0.00 0.20+0.01 0.44+0.00 44.4+0.0 53.3+4.4

7 0.45+0.01 0.23+0.01 0.22+0.01 0.44+0.00 46.7+4.4 48.9+4.4

10 0.60+0.00 0.22+0.01 0.26+0.01 0.59+0.01 61.7£1.5 55.0£1.0

13 0.66+0.01 0.22+0.01 0.16+0.00 0.58+0.02 54.5+1.0 63.6:£2.0

16 0.49+0.01 0.13+0.01 0.11+0.00 0.41+£0.00 57.121.0 61.2:¢1.9

19 0.53+0.00 0.07+0.01 0.06+0.01 0.45+0.02 71.7£1.0 73.6:£1.6

22 0.48+0.01 0.06+0.01 0.05+0.00 0.36+0.01 62.5+2.1 64.6:£1.0
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Table 4. Effect of initial plant biomass on NOs™-N removal efficiency in recirculating aquaculture tanks after 22 days residence of E.

crassipes and Pistia stratiotes.

: Influent Effluent (mg/L) Removal Efficiency (%)
Weight (kg) Day
(mg/L) E. crassipes P. stratiotes Control E. crassipes P. stratiotes

4 1 14.73+0.01 11.39+0.03 10.94+0.08 14.15+0.02 18.7+£0.2 21.8+0.5

13.58+0.00 10.44+0.11 10.02+0.04 13.08+0.01 19.4+0.8 22.5+2.9

7 12.87+0.00 9.76+0.09 9.29+0.05 12.43+0.01 20.7+0.1 24.4+0.4

10 9.67+£0.02 5.82+0.07 5.51+0.02 9.09+0.03 33.8+0.4 37.0+0.2

13 10.69+0.01 7.43+0.16 7.160.09 10.05+0.02 24.5+1.5 27.0+0.8

16 11.47+0.01 7.45+0.09 7.22+0.03 10.68+0.02 28.2+0.8 30.2+0.3

19 12.69+0.01 8.46+0.09 8.12+0.10 11.87+0.03 26.9+0.7 30.0£0.8

22 13.27+0.01 8.54+0.08 8.04+0.08 12.20+0.04 27.6x0.2 314222

6 1 17.68+0.01 14.72+0.03 13.99+0.07 17.35+0.01 14.9+0.2 19.0£0.4

4 14.0020.01 10.54+0.11 10.06£0.18 13.55+0.04 21.520.8 24.9+1.3

7 13.3120.01 9.95+0.11 9.24+0.22 12.85+0.01 21.8+0.8 27.1x1.7

10 13.55+0.02 9.56+0.07 9.2520.09 13.12+0.01 26.3+0.5 28.6£0.7

13 12.59+0.01 8.59+0.03 8.05+0.08 12.06+0.01 27.6+0.2 31.9+0.6

16 12.36+0.01 8.00+0.12 7.50+0.14 11.6310.05 29.4+1.0 33.4+1.1

19 14.84+0.02 10.41+0.08 10.18+0.14 14.08+0.02 24.7+0.1 26.3+0.4

22 13.84+0.02 9.360.10 9.3020.06 12.81+£0.01 24.9+0.4 25.4+0.4
& oA S Ueit 2ze) ol Wt sk Sl PHHE N Fwoh Bl Eos A4EY. S 9 NOLNE
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Table 5. Effect of initial plant biomass on PO,*-P removal efficiency in recirculating aquaculture tanks after 22 days residence of E.

crassipes and P. stratiotes.

) Effluent (mg/L) Removal Efficiency (%)
Weight (kg Day  Influent (mg/L)
E. crassipes P stratiotes Control E. crassipes P. stratiotes

1 0.71£0.01 0.57+0.00 0.54+0.00 0.69+0.00 16.9+0.0 21.1£0.0

4 0.69+0.00 0.52+0.00 0.50+0.00 0.67+0.00 21.7+0.0 24.6x0.0

7 0.71+0.01 0.54+0.01 0.51+0.01 0.69+0.01 21.1+14 254+1.5

4 10 1.09+0.02 0.69+0.01 0.61+0.01 1.03+0.01 31.240.9 38.5+0.9
13 0.99+0.02 0.63+0.01 0.59+0.01 0.94+0.01 31.3+1.0 35.4£1.0

16 0.84+0.01 0.62+0.01 0.58+0.01 0.79+0.01 20.2+1.1 25.0+1.2

19 0.80+0.00 0.6 +0.01 0.56+0.01 0.73+0.01 16.3+1.3 21.321.3

22 0.76+0.01 0.54+0.01 0.48+0.01 0.68+0.01 18.4+1.3 26.3x1.3

1 0.82+0.00 0.65+0.00 0.64+0.01 0.80+0.00 18.3+0.0 19.5%1.2

4 0.78+0.01 0.6020.01 0.58+0.01 0.76+0.00 20.5+1.3 23.1%1.3

7 0.75+0.00 0.57+0.00 0.53+0.00 0.73+0.00 21.3+0.0 26.7£1.3

6 10 0.80+0.01 0.6 +0.01 0.54+0.01 0.77+0.01 21.3+1.3 28.8+1.3
13 0.61+0.02 0.37+0.01 0.35+0.01 0.57+0.01 32.8+1.6 36.1+1.6

16 0.81+0.01 0.56+0.01 0.53+0.01 0.75+0.01 23.5%1.2 27.2+1.2

19 0.84+0.01 0.63+0.01 0.59+0.01 0.76+0.00 15.5%1.2 20.2+1.2

22 0.97+0.02 0.74+0.01 0.72+0.01 0.88+0.00 14.4+1.0 16.5£1.0
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Table 6. Composition of proximate analysis of aquatic plants tested for estimation of nutrient removal efficiency from recirculating

aquaculture system (% dry matter basis)

Species Moisture (%) Crude Fat (%) Crude Ash (%) Crude Protein (%) N (%) P (%)
E. crassipes 92.8 4.75 15.48 18.10 2.89 0.27
P. stratiotes 90.6 4.61 22.44 24.18 3.87 0.36
H. angustifolia 80.8 2.62 15.40 12.71 2.03 0.20
H. leucocephala 89.9 4.85 22.86 17.99 2.88 0.26
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Table 7. Nitrogen and phosphorous contents of selected aquatic plants grown with different initial biomass for 22 days with 24-hour

hydraulic residential time

Item E. crassipes P. stratiotes
Transplanted weight (g) 4,000 6,000 4,000 6,000
Harvested weight (g) 13,772+132 14,401+163 14,807+77 15,439+67
Produced biomass (g) 9,768+138 8,393+168 10,803+84 9,433+75
Dry matter (g) 703x10 604+12.1 1,015+£7.9 887+7.1
Removed N (g)* 20.3+0.3c 17.5+0.4d 39.3+0.3a 34.3+0.3b
Removed P (g)* 1.9+0.03c 1.6+0.02d 3.7£0.02a 3.2+0.05b

* Values within the same row with different letters are significantly different (P<0.05)
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angustifolia=. 80.8%°1AT}. 212] &2 P stratiotes?t 7V
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