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Pillars filled with soil and Biochar
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Figure 1. Schematic of nitrate removal bioreactor.
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Figure 2. Changes in the concentration of outlet nitrate during the test period for sample treatments.
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Figure 3. Changes in the concentration of outlet nitrate during the test period for control treatments.
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Figure 4. Comparison of nitrate removal efficiency in control and sample bioreactors after experiment period.
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Table 1. Analysis of variance (Mean Square).

Sl oSl Sla Sl ;
; sl ax s e
o =l Degrees of Mdmx ¢
Mean-square of ~ Mean-square freedom €an square
Ammonium of Nitrate
0.00236** 62809.98** 1 Biochar percentage bz s 10
0.03561%** 11510.31%* 3 Bioreactor Height , 51 5 ¢i5 )|
0.21244%%* 3203.78%* 10 Time ol
0.00005 398.93%* 3 Biochar percentage x Bioreactor Height , 551, 5 gUsix [lr 5 Ao
0.00026 702.77%* 10 Biochar percentage x Time Ols jx ;b 5 ds 5>
0.00055** 170.86** 30 Bioreactor Height x Time Ol jx , ¢51 50 &3]
0.00012 23.79 30 Biochar percentage x Bioreactor Heightx Time ol 5551, 5 Ul s 50 Ao
0.00014 22.79 176 Experimental Error _2l3T glas
4.23 14.21 - Coefficient of variation &l .45 s 5

** * Significant at P<0.01 and P<0.05, respectively.

.w.).iww)iochw)iﬁjw)i\ choﬂ)i

Lo Kle amlio —Y J g

Table 2. Comparison of the averages.

uiiL")I sbsles

Uyy\ B UKJLJ Sl ke w{du Test treatments
(mgL™) s> (mgL™) s> ]
Average of output Average of output G0 GRlesl g s ooy (em) 581,50 £ (o) Sl s o2
Ammonium Nitrate concentration Time from the start of Bioreactor Height Biochar percentage

concentration (mgL™") (mgL™) the test (day) (cm) (volumetric)
0.291* 49.01° Control asl
0.285° 18.16° 0% biohar
0.263¢ 50.28° 32.5 30% biohar
0.280° 37.02° 62.5
0.293° 27.39° 92.5
0.318° 19.64° 125
0.166" 59.21° 1
0.175 48.61° 2
0.186' 37.80° 7
0.206" 36.45° 21
0.252¢ 32.63¢ 35
0.307° 30.81% 49
0.340° 28.62° 63
0.358¢ 25.57° 77
0.373° 25.42° 91
0.394° 22.51¢ 105
0.415° 21.77¢ 119

s (P<0/00) s ine (5 bl oMt 13U LSD 0031 ol S e G = S Bla= 51l b, Sile

The averages with at least one common letter based on the LSD test are not statistically significant (P<0.05).
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Figure 5. Changes in the concentration of outlet Ammonium during the test period for control treatments.
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Figure 6. Changes in the concentration of outlet Ammonium during the test period for sample treatments.
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Abstract

Background and Objectives: Aqua solutions containing nitrogen as nitrate are considered to
be one of the most important pollutants of surface water and underground water. Denitrification
bioreactors provide a carbon sourced environment. Passing drainage water through such
bioreactors results in an increase in denitrification level and nitrate elimination. In this study,
biochar is used as carbon wall in bioreactors. At first, nitrate and ammonium elimination
performance of biochar-filled bioreactors and wheat straw-filled bioreactors were compared.
Then, the effect of height of bioreactor on concentration of output nitrate and ammonium is
taken under study. Also, performance of bioreactors in nitrate and ammonium elimination is
investigated in a four month time period.

Materials and Methods: In order to perform this research, poly-ethylene bioreactors
with height of 125 centimeters were used. Height factor is taken under study in four levels;
H;=32.5 cm, H,=62.5 cm, H;=92.5 cm and Hs=125 cm. Control bioreactors (B,) were filled
with 30% wheat straw and sample bioreactors (B;) were filled with 30% Biochar of wheat straw.

Results: The results showed that output nitrate concentration of denitrification bioreactors
significantly depends on biochar type. Output concentration of biochar-filled bioreactors (B,) is
18.16 mg/liter while the output nitrate concentration of wheat-straw filled bioreactors (By) is
49.01 mg/liter. Also, it has been shown that increasing bioreactor’s height would reduce output
nitrate concentration in both bioreactors. After four month of sampling, output nitrate
concentration from 160 mg/liter was reduced in different treatments; 20.91 mg/liter in H;B,,
12.85 in H;B,, 8.05 mg/liter in H3B; and 5.23 in H4B,. However, in control treatments nitrate
concentration was reduced to 42.17 mg/liter in H;B,, 36.36 mg/liter in H,B,, 28.99 mg/liter in
H;By and 19.65 mg/liter in H4Bo. Time also has a significant effect on nitrate elimination
(P<0.01). After four month of experiment, average concentration of output nitrate in sample
bioreactors reached the minimum 21.77 mg/liter, while it was measured 59.21 mg/liter on the
first day of experiment. Concentration of output ammonium in both biochar-filled and wheat
straw-filled bioreactors was increased comparing to concentration of input ammonium. It can be
explained as some of the nitrate is dissimulate to ammonium by anaerobic bacteria. However,
this increase was less than 0.5 mg/liter and negligible.

Conclusion: The performance of nitrate elimination in biochar-filled bioreactors is more than
wheat-straw bioreactors. Also, height increase in bioreactors would result in more nitrate elimination.
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