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Benign treatment of biogas slurry and improvement in lettuce quality using hydroponics

LIANG Fei-hong, CUI Qiu—fang, TU Te, YU Ge, WANG Wen—chao, YAN Shui-ping”

(College of Engineering, Huazhong Agricultural University/Key Laboratory of Agricultural Equipment in Mid—lower Yangtze River, Ministry
of Agriculture, Wuhan 430070, China )

Abstract : Determining the most effective and low—cost method for treating biogas slurry is one of the biggest issues for large—scale biogas
projects. This study aimed to treat biogas slurry for farmland irrigation water and cultivate lettuce of high quality at low cost using hydroponic
technology to reduce the concentration of pollutants, including total ammonium nitrogen (TAN ), chemical oxygen demand (COD), and total
phosphorus (TP ). Effects of the dilution ratio of water on the removal of pollutants and lettuce quality were investigated, and the appropriate
dilution ratios for biogas slurry were calculated. Prior to the experiments, ammonium nitrogen was partly removed from the raw biogas slurry
using vacuum distillation. The part—treated biogas slurry was then CO, saturated to reduce the pH to about 6.7. Finally, CO,-rich biogas
slurry was diluted using water by 5~30 times as the hydroponic solution for cultivation. Lettuce cultivated in the typical chemical nutrient
solution was used as the control. Results showed that after 35 d the water quality of the treated biogas slurry fully met the requirements of
farmland irrigation standards, and the concentrations of TAN, COD, and TP were reduced by 98.25% ~99.34%, 83.68% ~96.04% , and
65.94%~80.00%, respectively. In addition, 5~15 dilution ratios are recommended for higher purification of pollutants and water savings for

biogas slurry. After TAN removal, the treated slurry was used to replace the chemical nutrient solution to cultivate lettuce of higher quality.
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Compared to the nutrient solution, the relative growth of lettuce cultivated in biogas slurry with 5~10 dilution ratios increased by more than

60%, the leaf width increased by 4~5 cm, and the average number of leaves increased by about 2. Furthermore, the difference in the

carotenoid and nitrate nitrogen concentrations between lettuce cultivated in biogas slurry and the chemical nutrient solution was significant.

However, the differences in the reducing sugar and vitamin C content were not significant. More specifically, when cultivated in biogas slur—

ry with 5~10 dilution ratios, the carotenoid content in lettuce increased by up to 20.40%, and the concentration of nitrate nitrogen was only

2.11%~4.02% that of lettuce cultivated in the chemical nutrient solution. In addition, the reducing sugar content increased by 7.79% ~

10.39%, and the vitamin C content only decreased by 3.60%~15.40%.

Keywords: biogas slurry; slurry treatment; lettuce hydroponics; ammonium nitrogen removal
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Figure 1 Turbidity diagram of biogas slurries with different dilution

ratios before and after lettuce hydroponics
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Table 2 Water quality of biogas slurries with different dilution ratios before and after lettuce hydroponics

B8 2 YR B A

KB KB E)/d HIRM

5 1% 15 % 20 1% 25 1% 30 %

pH & 0 6.11+0.06 6.76+0.03 6.69+0.08 6.81+0.01 6.80+0.04 6.90+0.03 7.03+0.02
35 6.78+0.02 8.50+0.07 8.36+0.03 8.45+0.11 8.34+0.03 8.54+0.24 8.38+0.13
COD/mg- L 0 17.00+1.41 378.82+2.70 189.41+4.00 126.26+2.64 94.70+5.44 75.76+2.99 63.13+2.74
35 2.00+0.49 15.00+0.21 20.7+0.50 11.6+0.42 14.7+0.49 12.3+0.50 10.3+0.49

EC/pS-em™ 0 1830+49.00 3417+59.00 1984+11.31 1549+20.51 1099+40.31 853+4.95 502+1.41
35 501+1.00 498+1.41 370+3.54 311+2.12 234+7.78 251+1.41 122+7.78

TP/mg- L™ 0 — 7.75+0.18 3.90+0.21 2.58+0.08 1.90+0.14 1.55+0.11 1.29+0.21
35 — 2.64+0.10 0.87+0.02 0.59+0.04 0.43+0.04 0.31+0.06 0.29+0.03

A /mg- L 0 9.06+0.04 18.5+0.35 9.4+0.42 6.3£0.21 4.7+0.49 3.7+£0.21 3.03+0.23
35 0.76+0.090 0.24+0.020 0.13+0.010 0.11+0.007 0.05+0.004 0.04+0.006 0.02+0.001
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different dilution ratios for 35 days
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Figure 3 Agronomic characteristics of lettuce cultivated in different hydroponic solutions
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Figure 5 Content of chlorophyll and carotenoid in lettuce

cultivated in different hydroponic solutions
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