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Nitrous oxide production during biofiltration of wasted gas
from livestock farm: A review
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DONG Hongmin® , LIU Dezhao'*
(1. College of Biosystems Engineering and Food Science/Key Laboratory of Equipment and Informatization in Enviroment Controlled
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2. Department of Chemical Engineering, University of La Coruna, La Coruna E-15008, Spain;

3. Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract In order to understand the N,O production from NH;-loaded biofilter/biotrickling filter and reveal the
underlying influencing factors, this study summarized and analyzed the results from relevant literatures published
between 2006 and 2020 according to the data base of Web of Science. The results showed that: Moisture, the pH of
packing media, and the ammonia inlet loadings were key factors controlling the N, O formation from biofilters, while in
biotrickling filters composition of inlet gas, ammonia loading, and design of biotrickling filter were considered
important. In conclusion, it remains unclear about the mechanisms behind N, O production and its microbial pathways
from biofilter/biotrickling filter. Further research are necessary to explore the relationship between gas removal and N, O
production. In the end, several suggestions are proposed to reduce the N,O production through optimized biofilter/
biotrickling operations and use of mitigation methods.

Keywords bio-remediation of wasted gas; greenhouse gas; isotopes; biofilter; biotrickling filter
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Fig.1 Application of biofilter/biotrickling filter for treatment of wasted gas from mechanically ventilated livestock farms
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Table 1 Literature synthesis regarding N, O production from NHj-loaded biofilters/biotrickling filters
Uk B/ . NH, HA N0 N; O #Ejik
\ e NH; #% \ .
J7 7% Sk Tk} % /10 ZBRE/ % /% 28/ %"
Method Reference Media Water - Removal Outlet Emission
Inlet NH;
content rate increase factor
[21] — 3.8 61.0 15.3 —
[21] - 14.3 86. 0 29.2 —
WEAR A
[21] ) — 15.3 64.0 13.0 —
Wood chips
[21] — 9.2 61.0 12.0 -
[22] — 10.5~15.8 80.0 — 10.0~40.0
[23] VB A 45.0 18.0~35.0 62.9 - 6.9
[23] Peat soil+wood chips 55.0 18.0~5.0 63.1 — 12.8
[24] 45.0 7.8 60. 7 12.7-18.8 —
Hene + K H
[24] ) 55.0 7.8 72.8~77.7 18.9-24.5 —
Compost-+ wood chips
[24] 67.0 7.8 77.4~78.7 25.5-60.1 —
[20] 41.7 0.5~7.2 97.2 — —
Biofilter Activated carbon
[25] 52.0~65.0 25.0 — — —
HEAT Compost
[26] 61.0 16.0 100. 0 — 14.0~19.0
[3] NS 66.0 74.0 — 2.0
KR
[3] NS 10.0 42.0 — 21.0
Wood chips
[3] NS 15.0 38.0 — 1.3
[18] 40.0~60.0 15.0 80.4 — —
HENE -+ A F
[27] ) 63.0 40.0 80.0 - 1.9~2.3
Compost+wood chips
[28] 50.4 35.0 85.0~95.0 — 4.0
[29] Py 47.2 0~150.0 - - -
[19] Rockwool 47.2 0~150.0 — - -
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HORHE R/ . NH, A N, O NROE:('s
) - NH; #5 )
ik 27 Sk Ok 10 LB/ % Haom/ % 280/ %"
Method Reference Media Water - Removal Outlet Emission
Inlet NH,;
content rate increase factor
& 6 o 4 100. 0~
[30] 95. 0 — —
Polyurethane foam 1 400.0
R MW
[31] 14.0 82.0 — 5.0
Plastic net tubes
[32] 11.3 85.0 — 17.0
& ) 7R 90 )
[32] 6.8 71.0 — 66.0
Plastic packing
[32] 20.5 86.0 — 24.0
He W 8 3 [33] 17.1 86.0 66.0 —
Biotrickling [33] IR L7 B 11.9 80.0 57.0 —
filter [33] Plastic squareplate 15. 8 77.0 48.0 —
[34] — 35.0~100.0 9.0~578.0 —
EVALTEZ N G A
[35] 21.0~32.5 90. 0 - <2.0
Raschig ring+ ceramsite
[36] 9.3 85.0 121.0 —
[36] Ve i 9 el 19.1 62.0 203.0 —
[37] Inert plastic — 50.5 39.1 5.3
[37] — 70.2 31.0 4.7

L 3CHk18].[23].[250.[26].[27].[28]M[30 ] h 52 e = = N OF 5 . 4 7K 565 SR (2010251, (19, [ 29 JFN[30 ] A B 445 I
N2 O HE B4R 46 T A= W 0 1t /% 08 0t T BE R AR N2 O (BSR4 o Sk NH, Bt VR 58— 1% 22. 4 L/mol AR B JR M FR 48 350 A Ak

BUREE (bRl s> K BRIEH NHs 468 N O 09l (LA .

Note: Literatures [18],[23], [25], [26], [27], [ 28] and [30] are lab-scale experiments. Although no direct measurements of N>O are

obtained in references [20], [25], [19], [29] and [30], the evidences of biofilter/biotrickling filter as potential sources of N,O are

experimentally proved. *, the mass concentration of NHj is transformed to volumetric concentration using molar volume of gas of

22.4 L/mol; ", the percentage of removed NH;-N converted into N, O-N (on basis of N content).

£ NH \NH,OH.NO, FINO; J5"s A YK
TR AT BE P A R NLOCE 2), I Ah, 24 Wik
b 7 3B AT A K B T) R T R R AR A BOK 4
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e Al PR AR ER B L AR T L 2 0 b/ T D s
N, O By 77 Al e 2R F T AE Y BN o “ A
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BT AT b A Rl T S A A R A R A T
N, O HERC A X e

SRS AN Ry 2 S 2B 0 U St/ 0 v 4k NH
B FE N, O P2 A i S e W A i g Ak

R 3 B AE HT 02 1) i A 4 At T s I W i R
Ehtrresesanl R, Kong 4517 38 28 W 5 A ) UE i
N, O Y [a] v Z {77 g {H (site preference) % i £k F1 J2
AL FE N, O HEA STk B R 4T AR . S5 R R YT,
20 T 1 B T S A o AR NL O HERIRY 25l
YRR, A, B S A A A Al T e A 4 R
NO,  TEARAEM B N 47 RO Ak, B2 4801k 40 T 1Y
FLAE AL 33 72 (nitrifier denitrification)®, NO; 4x
TE A W08/ 8 Y SEORE A= W Y (G 2R E SR
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used due to the large variations in reported values regarding outlet N, O increase (%).
5 H¥iR/ IR NH, #SRESHS N,OEM(a) 1 N.OHM AL (b) KX R
B NH; ZBRESHS N,OEM ()M N,OHBRREH(dHWEXFR
NH; inlet concentrations of biofilter/biotrickling filters plotted against outlet N, O increase (a)
and N, O emission factor (b); NH; removal efficiency of biofilter/biotrickling filters plotted

against outlet N, O increase (¢) and N, O emission factor (d)
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O, e AR LA L DRI A W A B 5 L
T N, O B HE R A2 A% 0 9 3, AR SR
FN SO R | OB URL L AR 23 A5 R 45 B
TFa) 265 PR 2R 0 2 52 W A= 00 0 v/ 8 R N, O HE R
FIHI, b Bk 23X 75 T AT 5T . 4, 24 LA 7 e A
8 S 22y 0 ORI L 5 B B B o ) 3
PN A LB S B IR B4 A= 0 A v L C/ N RK 43 o
A S, T PR 3R A 2 T R R A 0 )
PN A Al i R (P 2)H

4 HEWIRM/HIRRIEIT S RHHE

Az 0 b/ i b 1) B B T BE R 00 B 7R
B P NH, W H, S\ VOCs FTR SR, N K. N, O
VR L 5 T AR A S R AT . xR
DB T T SRR G R A R BRSO RN, O 7R AR
AR, Yang 2557 & B2 EURNHE B M 35 %08 m
B 55000, NH; ZERFM 40085 F] 1 700 7E 1L
IR N, O 1928 B — 1 AR R 7E AR AIK ) K 3 5 17 24 S20R)
MR N 55 Yo ik — A 1 E] 63 % B, NH, 9 22 B %
ALK AR JE N, O WG T 7. 2~8. 8 5.
Kong %5 BF 5% & A 45 % A1 55 % (9 BURHE E T,
NH, LBRRE & T 55% B H 25 A8 8% (P>
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(P<C0.05)45 Y% M B . BRI, X F ¢ 5 19 25 P 3%



513

FLIENESE . APyt ik i (L 3 & FRAEE L AR P N, O HERL 9 60t 179

TE B f A0 0 SEURHE B L BERE AR UE NH, A 20 KBk
REAR G Mo A il N, O ZEJl . SEBRERAE v, AN [R] 28 R 3L
Y S O ORI B 75 22 i 52 50 0 5 () s A8 3 o
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