550 IS T2 166 5 1108 20225 11 7

Eco-Environmental Chinese Journal of Vol. 16, No.11 Nov. 2022
Knowledge Web Environmental Engineering
@ http://www.cjee.ac.cn E-mail: cjee@rcees.ac.cn S (010) 62941074

A X E&B: #HXHR

H

E50E DOI 10.12030/).cjee.202202101 W43 X703 SCERBRINED A

ff AL, TS, BRI, 5. AR BONRTES TR T N,O FE - HERR A m[T]. A5 TR 2=, 2022, 16(11): 3828-3834. [HE
Jinke, XIANG Hongyu, LYU Bohan, et al. Influences of biochar on the main production and discharge pathways of N,O in aerated constructed
wetlands[J]. Chinese Journal of Environmental Engineering, 2022, 16(11): 3828-3834.]

H: W B FE AT B RN TR rp N,O FH 7= HE ik
kA

,l'gj-/j:‘}ﬁ 1,2’ ‘éjélrﬂ/‘_:l’z, g#éiﬁl,a X]{é}]/r:_l,Z’ ]{iﬁi‘-}&l,L:’a’ ,&%1,2,3,8

1P R R Ik R AR SR B MO AR T SE R, HEK 4007165 2. VY B R BRI BT = B, EEIK 4007155 3.
PRSI TR E PO TRM TG, EK 400716
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DA AV AT M (CK) /R 6 B, R A2 0 3, i AR b NLO I HEIGER 12, R 5% AR W e Xt NLO 1) s HE
BN . BSEREREA, AWy s AR nT DL 3 1 I M B LA (p<0.05). CK Hil BW & 4t N,O 1Y 7 ¥ BE il & 43 il
17.62 mg-(m*d) " 1 10.45 mg-(m*d)", 30% {94 5 e B AT 523 N,O Wi HE 40.69% ., fb=# 37 S R 8, B &R
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1.1 BHRGHE
WERXRAREROERS . B RBEA N 0.1 m?, & H35cm. &5 9 & N BW I

CKUAW e ek 30% F10), BENSLH RS nlik E 2 17, it 4 MBI gy, SBRTET

U A B N g o AW R P AT RS AR, 7% IR HUANG 5 il 25 kil is Y ne,, H

Fe Ak 345.92 m*g' . L&A 1.95nm. L
N 02467 em’-g . I AEYI R 4 R R kR s
WINE N A . 185 Je B H HE 3k A i s K» ik

- Jkk

KALEE), FEZad N T ECK W4k G — Uk i Fh
2R RS R B Y N E N (Canna
indica L.), 29165 3% BOK A [F] AR & & 15
TR AH S B AE AR, DL 10 AR -m2 A9 b R 2355 2
ARG T, A EmyE TiREPi#ELT,
T R (25+2) C, G HR R B A (3 000+£300) Ix,
JEME L 12 h:12 he SE SR 3 B WA 1R .
1.2 REEIT

1) N TRRHb R 8% 3817 . A T RgHbifE 7K

%ﬁﬁ E §|€7J<EEEE4J1§~§M%7J< 5 @Eﬁ%%xfﬁk 1 SBEEREE GLBW R
[14]. KK B . CODJW (410.81+11.14) Fig. 1 Scheme of the experimental microcosms
mg-L'; NH,-N K (39.90+2.08) mg:'L™'; TN N (BW as the example).
(43.45+2.89) mg-L'; TP N (5.0840.57) mg-L™'; pH A (7.64+0.08); DO & (8.12+0.15) mg-L ™', F| I {H
U A% T 2% (XH-W3002, R IE 5 JE f - RH L) 45 6 I 34 e Bl i X050 0 b 3R 48 0% L 2 4 R 7R
(26+1) °Co WML S W a2k HI IR — R PE K, 1588 24 h 5 HEK, HAARGHEKE N 10 L, B Ir X
K ] ERE S BER 3 h(BRABY), T4 3 h(fF MR By ). W S BE i SR o 5 Ui £ 58 1l %% (AST10-
DX, Bl /R R SR (db o) A R | #2650 0.4 L'min',

BT HEM A BT, L 3d . AT HFIAR M ; BALE I NaClo,; C 4%
ATU il NaClO,, ATU FI NaClO; B 5T &2 & i 43 5 iy 10 mg- L™ F1 1 gL' Ff 3N H A, HEBAT
Far, PIIFGRSCES, Bl EAT BORE I DU AR R AR B 4 4.

1.3 HERESNE

D) KFERESME . MR AEREBITH 6 N, 8 2~3d 47 1 GOKFEME .. [, 7
EBATIAE, EHCHL AT, e 05, 1. 20 3. 3.5, 4. 5. 7. 9, 10, 12, 15, 18, 21,
24 /NIFEURE, JFIEK R, Hd, COD. NH,“N. NO,-N. NO,-N. TN FI TP ¥ e b5 i J7 1k ik
s DO SR E #5 i S8 (YSI550A, S YSI AR W ; pH R & X RE T (PB-10, &
[ Sartorius 2 7)) #E1 7 % o

2) SRR S E . R FSF - %2 0 2 B H R 58 N,O B . S 30k [18], 7
15 I B AR IR B N 7 1 S8 A B, MR ARCBOCRAE D RO A%, SR8 12 4 RAERF ] A, N,O A ik
F A AL (Agilent 7890A, £ [ Agilent 23 7)) I & .
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KRB W= @
FRECEE: m= () 3)

K. wRHNORBBER, g(m min)"; m HEMHANOWEIME, gm?; PRHRIIEMR, Pa;
RS MR H, 8308.65L-Pa-(Kmol)'; V,, WiRhi#s N LA, Ly THREEE, K;
M H N,O MX} 43 F itk , 44.02 gmol™; At A5 n IRFIES (n—1) WCORAE BB B[ FE, min; C KR
HN,O ARG EI; A, IR HIR R E AL, m?*; O WBE I, L-min's W, 5 n UCRFEAH N 1Y B
BOEE, g (m*min) ',

2) ANEEAR NO BRI E S % AR ()~8) o L8 A TIHIFI I, B hasibid . &
filg Ak o 2 A AR NLO B BR A . S5 B WS N NaClO,, U A il Ak 2o 72 A A 5 72 NLO B ik
. SE C IR ATU I NaClO,, Frill > Hoft 1o 72 N,O B 1020,

Chh o = CYNF4CYiPP 4 Ciother o
ng 0= C,‘(;:(;NF +C[\:]izac—)other (5)
ngo — CKIiZa(—)other o
CK;:(;NF:CSzO - CISZO 7
CIV\;:(;DD:C{::O — CI?I:O (8)

KHr: Cno/n N,O BEJiltiE ; NF Fll DD 435I s i Ak i B A il Ak it 72 5 other Fom HoAh I 72 .

3) SIS RCE A3 AT . 9206 %4 8 5 Origin 2018 B FEAE R, I i1 SPSS 23.0 #4754 43 #r
B R AR R NP S AR E 22 o WP R Z A AH BLOC Z R FHAR OGR4 87, 248 Pearson K 46 (K V4245 ik
# p<0.05 FIt 5. 3 p<0.01).

2 ZFR5TR

2.1 EHATEM I R B R COD B ERYR

FEXD RS E B AT WA, WD A Bt AKOK BT, VR R SR K A HE AR AN 1 TR .

CK &% fl BW R4 -1 7k COD YK T 50 mg'L™'. COD £[RZE KT 80% LA |, WY
XF COD LA — &R HAERH, (H2mA 2 (p>0.05). CK Fl BW & %4t NH,"-N 73 L Bk 355
K (79.92+6.85)% il (89.08+4.80)%, TN V-4 K B #8535l Ky (75.63+4.87)% Fl (85.6145.18)% ., “EW /i1
Hi 2R 40 NH,-N FI TN 25 B 3R S 2 8 T 6 BRI (p<0.05), 31X 5 GUPTA 5P 4 i — 50, s dr
JR A A R T AEY R ) Z LA AU S E R R E SN, RS RFSUKT M, WERS
DO K, M A i A K, SCasRAb A ™. o5 —Jrm, AW B AR NH, -N 454

R 1 TELEH A KK R
Table 1 Characteristics of influents and effluents of different CWs

- KA
IR e K1
CK BW
COD (410.81+11.14) mg-L™ (45.92+12.54) mg-L™! (36.92+13.63) mg-L™!
NH,"-N (39.90+2.08) mg-L"! (8.00£2.77) mg-L"! (4.31£1.78) mg- L
TN (43.45+2.89) mg-L"! (10.56£2.04) mg-L™ (6.21£2.15) mg- L'
TP (5.08+0.57) mg-L™ (1.85£0.97) mg-L™" (1.70£0.63) mg-L™
DO (8.12+0.15) mg-L"" (0.53+0.12) mg-L™" (0.48+0.08) mg-L "
pH 7.64+0.08 7.43+0.06 7.36+0.08

. NO, -NFHINO, -NAK H
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RE I AT TN ZSBRAE NP, TR RIE M P R AW A SRR S B 8, WidliB b R4 ok
F A H NO,-N 1 NO, -N,
22 ABAEFAHHASEYENOBEETK

MY ) B TS e ) K NLO JE AR AR AN &l 2 B o 78 CK R BW B RSk R, DO 7r < Bt
Fo B 7E (3.14+0.09) Fl (3.40+0.20) mg-L™', 7E 15 B Bt 43 il 24 (0.60+0.18) Al (0.50+0.15) mg-L ™', FEFZ N
EYBE, BBEERY DO LR IR T 29 0.26 mg L', FEAEBRBEFEMRZ 0.1 mg L, AEWMIRINZE
LAWK T REnE <M, vk DO K-, FETdfEdE 7 AEw s, W4lgi+f, CcoD
TEFEK 0.5 h B8 KB LBk . i Fis e e 2B 2 vh S TEAE K AR, i COD 1 DO (1473 48
FEREEZERL . [RIFERY, NH,-N 7ESEK o) el N R, mlRE 2t 90 30 78 i A9 ik U5 R DO i 2B 9
TEAEAE FHAE AL T R A5 F, M8 NH,-N PO g 4% 40 P 38 2 iy 900 ik U5 i PR TS FE . R 48P 9 e il
EVEH Z 2R S], FUERT NO,-N. (HEEFN, M Msg <, RELE BRI AREAHNE L6
il £k S A A AE AR LIOWR 47 o

TR NLO By HE 3= B A P AR B A BE . WA BE NLO A9 S 249 HE 0 2 15 1t B Y 4.84~18.86 17 .
FEBEAIE, NO B A B . X T RBE H TAER WA, DO Mg i #E, )5 Bl T kit
P2, SN0 By REHER P, WE W IR b N,O il & (1928 fk, AR 8Bkt NLO HETHCH 3004
L TRAE RN R .

Bl & P AT, BESBE N,O Sl 7EFE MR . ARFEM WA RBUG AR ik E TR, R
il 7 NO By A . FERL A R, SO W) R RCBOIA NOy -N R NO, -N IR R, L4 TR
AL A RS A . AR ROV B, AR IR A BRI, R BN A R A NO, N R IR =, A
A M o3 o S A AR T AR, M B RL R . SR, R] B S A G SRR R R R B I S
Wedh T REAVE - B ET, S oK R il NO, N HT NO, -N,

60 10 1600 75 10 1600
N o me | | e | e e
o 160 ~ [ {500 6ol NO,~N BENO, N | 160 ~ | {500
2 as| E - E ZZNH,N -s-N,0 £ _
™ 145 & =~ 1400 [, = e 145 & = {400 ~
§ g 162 PR ot g6 o
5 30 w{ 2400 E = B @300 E
= 02|, E 5 = 1302, & =
3 1451, 8 30 5145, 8
£ ﬂEﬂ g {200 3 ﬁ 9/ . 5] 8w
B POz g 15t 0 1”242 Lo
® Z ® A / % A &
<t A7 410 I &y e L Es EN0 0

OEN V2, 5% 04 9 QRO DN V3,55 A © 9 DI
&4 7t A /A B4 AR /h
(a) CK (b) BW

2 #AEFHAK NO,-N. NO,-N, NH,-N, DO. COD & N,0 B2t
Fig.2 NO;-N, NO, -N, NH,"-N, DO, COD and N,O change with the time under a typical cycle

2.3 R XT N,0 HE AR

FEAS RN JE N, NO, -N Al NO, -N 7EME S Be e A7 i 2 B AL X U6 WA 78 IL B BEAZ AR R A i Ak I
Al , JHFET NO,-N, I i 78 5= B BE R Gl Ak B 3 AL NO, N VR N i P32 AR gE A7 I g o IR, 45
BB DO K, HLWI A B, v ) 72 4 NLO 78 48 A I B iV T R Pl 38 JEL A N, Sk
SR, MRS, hT DO, Msl T8 Z LR EN, 58T N RHM, K
I, N,O FZ=4 FIESEL, X5 LIANG %7 #7825 1 — 30

BW #l CK R %1 N,O 2R 43 14 10.45 mg-m 2 1 17.62 mg-m 2. A= 1) 7% % 1 19 N,O B
i W S IR T REA YR b, 17T A ) e AN 30% BIAT S B 40.69% I IRAHERSCR (K] 3). sk o8 S5 4 i 1 AR
AR ¢ S il AL A AL S 1R b R BN,O B £k 45, fEfdfbid B, A7 AN H NO, N A&~
WA R, JEREBK & N,O; Wi 7E S fi A R e, ARk 3 Ao 2 o0 i) 4 A S0 280308 D g 0% 1, 1 S A
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TAE AT R 58 42, IR S 80 N,0 B BRI 20,

SR, ARG R, VS A 5 W S B T W LY

SR N0 B, — 5T, AR RN T 6y

1B BE DO, M T3 T 1k 7 04 S g 5
AEAERT . WD T NO BERCREEY: 53—y, 7 = 1
JLRSALIERR D, R AR T IR P R R AL T z .l

(K, AR T NLO OHERC, [Wlng, 2k B

Wy B B A S S R L N TR 2 =}

NLOP . 7 ) 5 A Sy — e e B U, T % B 4

B AL A SR TS, AT E NLO 5 L ‘ K BW
KNP B3 RESRHERS N, B LR
2.4 EHIRIT N,O HERUR E B9 20 Fig.3 N,O cumulative emissions in different CWs

A 2L 0 b S B PN S AR A B A VR R NLO B R S X L 1] 4 RTIEL S BT R o FE RN )
W1, EH P N,O EFERIEF AL, B CKRZRFE TG, R/ER BN EZRE ., —JF
T, T 40 b S A AR A FH 7 A2 1 NL,O K F AR PE R ™= £ N,O; o5 —J7 i, Xt CK Il BW R4,
T S B I g BERS AL A 1 NLO B ik 543 1 2~ 0.33~1.83 mg-m 2 F1 0.05~0.87 mg-m 2, 11ij 2 itk
NLO Bk 1243 91 4 -0.22~2.68 mg-m 2 F1-0.36~1.17 mg'm 2, I, CK £ % i WA FH 7 4= 19 N,O B
2T BW RS, WA N,O HEBUCRE 53 R s AL VE R Fasfb/E R . BN e 2w fhid 2 S il
b, BW 9 N,O B3/ T CK. ik 3 B A W e vl 3 2ot 5 i il A A S Al Ak ok 52 31 NLO D HE -

Srm A | ?%H}E lﬂ%@ " Orim || o lﬂ%ﬂa% "
Ttk S fiffk AL Ktk

N, OB it/ (mg m2)
N,OREJf it/(mg m2)

1

k 12 1
JBATHTE]/h AT /h

(a) CK (b) BW

B4 BMARFABBHRATEIRE N0 BRE
Fig.4 N,O emissions from different conversion in different CWs under a typical cycle

Kl 4(a) KH, TESCRIRIT, X R v 45
B B AE AL/E I3 N0 iy <5577 X 2 0,
TAEAEBEE, ) N,O LAV i S A7 A & LR 2 FEE itk
SCRAC TR AE T N,O BTSSR, 76254 % 72 it
Wb, KRR RS A AR S, (RS
A #B 7 NO-N R B (18] 2(b)). 75 15 B,
NO, -N N L 52 %kiﬁmwﬁm FHEU
I 3~6 h BE e S A AL A T B D 4 N,O (K
4(b)) o FERL T, T AL ROR B R
C/N TR, BRUEA A S i AL AT AN 58

o]
T

(=)
T

N
T

N, OB R/ (mg m™2)

4‘

0

&, AT ECT W CKIR b b R A SR A AR cK BW
HIL BRI K N0 WTBW%%ﬁfﬁj 5 SEHRG N0 FEHMEEEKE
W1, SRR R X NLO BT 14 o R A - Fig. 5 N,O emissions from different conversion

1 A= W) I AR R — Fh s AE B ﬁ#?ﬁmww in different CWs
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A AT . 980T NO MR, 59— 7 i AR W e il ok 2 0 B S5 L [ T A AL, ik
T 7E S R B T AR R A o FE RN e B, TRl ekt 1 Aar - IR SRR, A R T il Ak R s Ak 1)
HEAT, AW A TS N R B R G is AT e IR AR A me VR, A T R R A A A SR TR M, il
HE] P NLO B4k N, MR #E . It , BW RS R S CK RS0 HH b 2 30 B Ay <90

4 NH, WE N M — K R IRET, N,O E2458 o [ IR a8 A0 A R s Au /B F = AR 0 Rk, 3l ad N [
O 790 B 400 ) D B R AL e, TR AL NLO MU HERGE R . 7 CK Al BW R4, w4
N,O Iy B Jilt &t 43 911 K (7.66+1.38) mg-m > Hl (4.35+0.88) mg-m2, i 5 Al A6 VE 1 19 NLO B3 & 43 %1
(6.13+1.22) mg-m > Fl (1.72+0.58) mg-m >, iX & P A& W) o 1 M 32 0 38 3k 52 ) il Ak S il Ak A%, ] Sl
N,O Vs HE . X R 20 15 b b A £k S i A6V 6 NLO Bl i 1) s ik 2, 400l b 43.48% 1 34.81%. 1E/E
Vi i e, Ak AR RS Ak i A 9 NLO HERK & 43 5198 2> 43.20% 11 71.93%. B BEHECT WF58 T N TR
HH AL SRS PR E X NLO BECR B Bk, A B InA: 9 ¢ i i 2k S R AR ) NLO Béilie: . JT 260
WFFE A e . WA A IR SR HE R A S e IS B, TSN A ) e T R v S A A 56 3 P A B RN
TEE, JETTSEELN,O RS HE . RO AT HEWRT, BN AE Y s S S TR RE B R o i Ak S s AR VE T,
S W E W RO AR NLO I RSk i o
3 Z5ip

1) FERBE SN TR, B A= 9 e XA ALY 22 BR AR TC 835 52 M (p>0.05), {H 0] 5 2 48 = iR
RGP AR (p<0.05). BhN 30% B9 AE Y 5 v] I b NH,-N Fl TN K BR %42E 5 9.16% F1 9.98%.

2) Hhn A Wy A vl S PR M AR 48 NLO Ui FlE . 309% A=Wk 4% hin Al S P NLO Uk HE 40.69% ., 7E B,
N TR M, R 58 4 09 i Ak AR il Ak VR 2 7= 4 NL,O B9 R B3k 48, s ik >R 20 3l hy 43.48% FlI
34.81%. FEUSIN 30% WIAEY Aic)s, THALFN BOEAb 2 72 B9 NLO HEgk & 4351l Jik /0> 43.20% . 71.93%
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Influences of biochar on the main production and discharge pathways of N,O
in aerated constructed wetlands
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Abstract  Biochar is used to improve the internal environment of constructed wetlands, achieving nitrogen
removal enhancement and nitrous oxide (N,0) emission reduction, due to the microporous structure and huge
specific surface area. However, the way of N,O emission reduction by biochar is not clear yet. In this
experiment, the aeration subsurface flow constructed wetland with biochar (BW) was built in the greenhouse,
using the one without biochar (CK) as control. The chemical inhibitor method was used to quantify the N,O
emission pathway and explore the reduction effects of biochar on N,O. The results revealed that biochar addition
could significantly improve the nitrogen removal efficiency (p <0.05). The average release of N,O in CK and
BW were 17.62 mg-(m*-d)"' and 10.45 mg:(m*-d)™, respectively, and 30% biochar addition would reduce N,O
emissions by 40.69%. Chemical inhibitor tests showed that the contribution of nitrification and denitrification to
N,O release were 43.48% and 34.81%, and the addition of biochar could reduce the N,O emission by 43.20%
and 71.93%, respectively, in these two major nitrogen removal processes.

Keywords constructed wetland; biochar; nitrogen removal; nitrous oxide; chemical inhibition
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