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SHEN 4 fifF 5 4 fe (ol Fi A SECRHIS) 2 380, DASRA BHAR e hy AR 23 01 BRSO SR Hi b,
4 NO;/NO, HIEIRIF N N,, B, Bk & & 828 2552 0 NO, /NO, it i N, il Ak 47, #E1 52
M N,O W HE . WANG™ 45 & 3 A B4 RAF Wt oh g, B 53858 MRHE L 35 —FLB, i
HVEFR S o F i 2Ryl AL, BERE PR RE IR S5 o AR T RO BT &R Ge e A () CHY, Sk
L3RBT, mTRE B INA AT 2> CH, MslHE . BP0 R B8, R R Akt AL A 1 b 56 0 41 5 31
A ) B SN TR b 2R Gt R I S R T A B S AR R S A e R A R L ket e i R S
AR . FLBREE S ORA R, PRk, Y4 )3 ey R [ B, nT a4 (dissolved
oxygen, DO) M HKA MR R RUA: YRR 454, fRfbastl . Iemsfbad 2 LARRAR IR = SR HE & .

T, AHFIE UG AN G 41 A R A 4, 38 0 e AR 3 IR TR0 N E ST C B,
PRGT FE T 70 7 SO N TR b X 35 Y i 2 B aod A b R = AR IR HE R W S L DU O SEE N TR
Hb AR B9 R H AR PR 2%
1 MR5RF%
1.1 KEHE

ERE S R NN NGRS DN = CURREER
Mo 2k B B A RAF i M, B K IR ] Al MU
B oW IS W R R | N = R = R = W Hili
TR MRS, R PVC KT B IR 2 5 JRHR U
fr, HJEH EAA 30 cm, & 60cm, #ik " PVCHALAE
WA 3 cm BFEIE K ZEHIRE . o 3 4 4 em
B&, 60 cm K PVC ¢ AL, fe b A4 H] e
THEOK LW AR K RIS KRR A 2 AR
P AR T K R 6 A [ L8 5 ) son
b T SR R K A . B g e
#B 5 om Ab I E LIRSS -
% B PP AE () R B S B AR E T (Acorus WA
calamus L.) , B H JLAE X HEKE o & R [ =l
G S AR R AT B SR e
KET, BTOURE RN RO I 5 R B1 EHBSALRMEE
ye B =iy S| (25+£2) C, JGHE TR B N (3 000+ Fig. 1 Schematic diagram of intermittent aeration

constructed wetland
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S0 BT P A A 2 DA g S s A A R T A 2 TR W B R B A, kA UKL Y ELAR O 5~
10 mm, ff AR IE VR T4, S XT . FRE R AR S 2 b R Gl A JEORE 3 2 oy 2 B S A
WG PE A G, REAR R 10~30 mm, X ply AN AR K b AT BR 2 w44

B8 3R UE W) T T B R I T R T YR B GRS D5 K AL BT i, RN RS IS K AT Y
o Ik 3 e fe i v TS e e i BN TR R GE b, RS YR SRR EE O 1000 mgL' o
12 BITAR

S 0 B R AR AN A T T A 2 A Wb 1 BRBR A SEAER 2, WATEIRE s i
A2 WA FRAERE, BRERAEIRIZE . LAUR I 100% W A1 (0 N T30 A S 0 B2 . Wl A1 45k 43 il
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F. THRx, HHx. yRARBAMBKRY S, BHRE IR, 415 5% N 20% 8
Tk +80% W £1 (T2F8) . 40% %k Tk +60% i 41 (T4AF6) . 60% %k ik +40% Wl 41 (T6F4) 5 #H 243 W fn
20% W £1+80% bk (F2T8) . 40% i £1+60% &tk (FAT6) . 60% i £1+40% bk (T6F4) .

SO O TR M 2R G ik B K S7 155 B4 B [B] (hydraulic retention time, HRT) Sy 2d, #EAKKRHA T &
MBI K, [ 7K B A L (COD/N) iy 501, HAKRL A 2 BESCHR (7] a0 BEHLT5 7K FRas A TRERE |
NH,C1 F1 KNO, & fEfr I8 A 2UE . #8175 7K i COD. NH,™-N F1 NO, -N 43514 3001 40 1 20 mg-L™',
HAbE KSR (T KPR E ) K . KH,PO, (22.50 mg) . MgSO, 7H,0 (97.56 mg) . CaCl,
(58.28 mg) . Mk (10.00mg) , LU AFMEICREW | mL, Hi, METRER (A TEHRMY
) A ER S . HBO, (0.17 mg) . MnCl,-4H,0 (0.11 mg) . ZnSOQ,-7H,0 (0.13 mg) . CuSO,-5H,0
(0.04 mg) 1 H,Mo0,-4H,0 (0.004 9 mg) . & T E E WM pH K (7.09+0.01) .

ARG R R EER 20, R AP Rk g <07 AT B BB BE R 00:00—01:00 K&
12:00—13:00% #k 47, Z RS TR DO RN 3 mg L', MR ST 2021 4E 5 A T Mhisfr, JFHAE
S HHEATH — AN E, 217 180d, 7 2021 4F 11 Af#1kiads. AR ERSH . 6 H. 7THX
3 H AR AT b .

1.3 MEFHZE

() KFERSRES N E . FERGEIEF BT, B2 d 37 —WH BUK RIS AN BRURE I (]
7 09:00—10:00, HLH TR FH K S35 K 0 B G bR ifE 53 A Jr %, % COD. NH,-N. NO;-N. NO,-N #l
TN SFFR bR AT 005 o JK A B SR A7 48 PR 46 DO %4k ik J5i FL {37 (oxidation-reduction potential, ORP)
E,. KA1 pH, ] 22500 E L (SGI8 RIMHFRE-FEM £, H-1) FEATI05E .

Q) AFERRES M E . AW IE s B Z X CH, F1N,O X P F SR FEFTRE M. SR RFEF
(LI 1 238 53) S PVC M T A R4, FH T04R (B2 30 em, 755 50 cm) FIEKAH (BL42 30 cm, 5
70 cm) ZH A, SEAKC AR AT AEAE Y A K B AT 50 em I o SRAESR N 2 AN XU . 7EN TR
Faofagis T, HRA3~4W, RFEERECH L 9:00—11:00. 76848 2E 17 i = SR
B RAE, JF o A FLHE RO o AR LAY S B e 13N EE R RN, Sl 0. 2.0 6.
12, 14, 18, 24, 26, 3./36. 38, 42 f148 h, M, FESLRIsK Jy5 88 BATH], X A T3 b A HE i ok
7T BL, IEXT ST T RE 5047

SARFER PR 3 B AR BCRAE . BEARBORFE RS S CH, A1 N,O B RAE 3 F i
Blo o, ARBERB AR HEBGE 8T R (1) o 1A FOE DU b IR S AT
Wi B ] A2 A ) R T
% X I% XpX %i ()
W B AR HE A B RN = () .

AT A5 9 SR HERGE AR 4 4 2ok 15 CH, A N,O0 19 2R R R, TR (3).
A=zzzxfigzixdx24+ﬂx2ﬂ+F}x%1 3)

T A = SR R B TR UL K (4)
cas = (KoRT +)-w0- W —— @)

R-T
X FORRUA (CH, MENO) HEGE 5, pg-(m’hy s H RN, m; T RAEA N F 39 <R,
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K; PRIRFERTHRSET], Pay Py BB HE#MF NIRRT, Pa; oy e —ill A 0 % B (BE R
Jo R ER S T AR EE AR, g LY 5 de/de SR SRR I [R) SR AE RS P 5 — ol I A 1 e B AR Ak
R, Hrh CH, Bk B AR AL R IR em® (m*hy ™5 N,O ARk B2 78 Ak 3 R B0 2 mm®(mh) ' O 2K
AN TR S, L'min™'; ¢ HMEHE PR SMIRDE, %; R FORBBMAIKEE, B 8308.65
L Pa:(mol-K)™"'; M ASUREE/RFidE, gmol'; SHRAMBERIHM, m’; co W BLALIARFIKFE i
SRBTEREE, pgL™; K, oA CH, 8 N,O i A H %L, mol (L'Pa)™"; B BRI = %825 [A] oK FE Y
TR s oINS Y 3B 28 o] SRR B 43 5

FET 2 BRI VR TE BEMH (Global Warming Potential, GWP) AYME &, i i Hoe 45 Fl A T b i L %
SRHERCIE B, K CH, Al NLO B R #5351 CO, i (CO,.) - 4 TR LAY L34 GWP 4
KL (5) .

GWP=28xCH, ZFHE it +298xN,0 B BHE i &= )

14 HIERLIE

FIFH Origin 8.5 22 il K4 K1 5 I 35 M KL 36 40 A1 S AH SC M 20 M7 2R FH SPSS19.0 5 I PR 6 R
FHl One-way ANOVA J5 % (P<0.05, P<0.01 Fmik 3] i EK ) .
2 FER59H
21 ARALEH#H CH,BBHIMES

BEH SRR GE TR A CH, HERCIE BT ge i, S5 ER 1. HEREREN T/ERET, XHiE
ZH R F 1) CH, ~F- ¥ HEHGHE 74 (0.33+0.02) g-(m*-h)'o ¥4 1 H, T4F6 Ml T6F4 1) CH, HEJCHE = 7F
IO E B, A T2F8 A i HERCR , H CH, 9HE G B AR T F s T 5.16% (P<0.05) o 1
HigH 2 vh, FHECTXTERZH, F8T2. F6T4 iy CH, HEA & 43 i/ T 22.59%~42.86% . 0~40% (P<0.05),
Ifif FAT6 I JC CH, WHER R . i b4 i CH, A HEGE = &3, WA e L. BREkAE MR
FET R M4 2 A AT CH, BHE ;s B S gkak A R T CH, MIBCHEE T, (kiR S LA
FELL AT, WA N 8:2 BT HB X CH, W HERC R S N .

F 1 TEPEME R R B CH, FIHRES

Table 1 Average CH, emission fluxes of constructed wetlands in

different treatments by month mg-(m2-h)™!

T Hb 2 5] A 5H 6 75 R ES[IEN
1 T2F8 0.362+0.028 0.298+0.031 0.277+0.042 0.31+0.03

1 T4F6 0.647+0.015 0.454+0.028 0.203+0.041 0.44+0.03

1 T6F4 0.917+0.015 0.873+0.024 0.570+0.018 0.79+0.02

2 F8T2 0.154+0.014 0.257+0.021 0.251+0.035 0.22+0.02

2 FoT4 0.242+0.116 0.366+0.025 0.181+0.013 0.26+0.05

2 F4T6 0.613+0.021 0.537+0.051 0.396+0.045 0.52+0.04

X HEZH F 0.407+0.018 0.260+0.024 0.320+0.016 0.33+0.02

DA RN, w510 49 FL B 45 4 a7 LLxE CH, BEAT WOBCRIA# A, DT o 1 2 B 9 1 4
SR, e fl CH, AP MR G BNk i BURHN: BR8N P 5 W0RE 78 5 AR A kL, 7 A2 1
R, RS S R R RGN WA R R R AR S TR, SR A AR
Fo fEm R, B4R Fe®' Fe' &S SRUEYIEar il sh i e i i, AT $2 THIR 3
PAEYE T, (AR AR A 5 TR e S A R, 7 R e DR G I R AR A 8 B R R T,
M PR A2 2 o 5500, BR AP 7 AR PR SR 2 o ] REAT A6 S AL Bkt JRUd AU, S Ak ko I
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A= B TR 2 (R AF AR IS W 5 A 5 8 ) 4 OB AR ST, 24 Fe® s vk B T, BRI FIR R
AR R AR AT, T R o R I R
22 AEALEH#H NORBHIMES

WAL N TR 3 b N,O 3 HERGE I 36 2 iR . ZERGERa iz frilnl, XFHE4] FAY N0 F3

HEAl i &R (651.51488.53) pg-(m*h) ' 7EMRMZL 1%, , 5 FAHEL, B4 1 49 T2F8, T4F6 [
N,O HE L & 4 Bk 2 T 26.229%~70.62% . 26.32%~56.62% . 8.49%~42.30% (P<0.05) . 1EiZ gl 2,
MM 2 Y F8T2. F6T4 Fil FAT6 AHAL T F 40 il Jsk /> T 61.339%~84.29% . 52:98%~75.61% . 0~16.87%
(P<0.05) . VA L&5RFTM, WINERA AT NO AYWHE . 04178 H ) N,O H HE 8 & 2 bl %5 4k ik
7 A BRI B e/ s 2w -k A IR AR Dy 2:8 I U HE SR B AR L R — 2B X IE b AL 1 A
2 ) N,O A X HECE b 17 Fe e, MM ZH 2 19 NLO TR HERCUR L TR 4 1.

*®2 TRENEME XA B NO, FIHBEE

Table 2 Average NO, emission fluxes of artificial wetlands in different treatments for each month pg-(m*-h)™

pC LS 7| B E6 V20 5A 6A 7H JER &[N
1 T2F8 467.26+66.43 216.95+104.5 264.67+126.3 316.29+99.08
1 T4F6 73.41+13.2 226.10+53.2 154.18+74.2 367.90+46.87
1 T6F4 931.50+65.7 293.18+53.2 365.01295.2 529.90+71.37
2 F8T2 215.69+105 187.03+32.4 98.08+14.6 166.93+50.67
2 F6T4 412.80+65.4 133.12+33.4 121.67+27.3 222.53+42.03
2 F4T6 898.87+47.3 265.36+125.4 355.37+153.2 506.53+108.63
Xof HEZH F 1047.48+68.2 508.14+107.9 398.91+89.5 651.51+88.53

BT HR R AT RE S, N,O BRI RS AL e @ =4, 7 Sk B il Ak B g ) b TRp AU, I o R e SRR
2, BRmR R f OB AR AE B R KT Fel AL BE S BT NLO I B g A 1 P, 145 NLO A Sk ) =
Wik o JIAh, BRI FEAE SO R A, Bk i HLE /DB b R 5 DO ’ik%ﬂ:
YA (ammonia-oxidizing bacteria, "AOB) MY 4f- 5 S i AL it FRBE M, S it — 20 k2D N,O my Bk,
HAF NOBJFE N N,; Bk A& S8 5 b f AR T E, T, Hﬁiﬁ_%@iﬁﬁzsﬁtwﬁ/"
E, T (18 6) . AT BE 23 FRARR R 04 J5E s ) 36 14, DT 980558 S A AR A FEE™Y, b NLO B i . 244
Bk h SURHE TG HRET - R RN 2 T2 P 0 RO R L R E X IR A R, R R A S SR
JI U I B R, A IS A S g S A b AT s EURE R AR SEURL B TR )ZE 4 TN I AT AR
F, BRI S YR R AY, S N,O ik
D g B I AF SR PR B, (AR - SR A TR AR — “a_F8T2 —o- T2F8 —a- F6T4 —o-T4F6
W BEAA R NL,OP. ib4h, %5%1"'5%7%?1 NS [ ¢ F4T6 ~o-F6T4 ~e-F
ST BUE W TR, HEW N,O 72k N "
23 Tﬂkllmi’@%iﬂﬁﬂm CH, I HE A \

ERIAMRTS CH, BEL
’\
o A

[5S}
(=}

J—
W
T

—_
(=]

2 e BL T L JE A N PN TR M CH,
W B HE il i . DL 48 h oy — S LR JE ), A&
i M H Y CH, R T80 A B Bl s T
o, BRESHE )CGRECN R, BB

CH B HE RO i (mg-m-h)

(=]

Bt CH, fe AWK Ik Bsf I 5 8 4B o 20 76 Bk -k A -5 10 15 20 25 30 35 40 45 50
PRBLE A 2:8 M9 S2B0 2. S50, MUk A /R M

PRBLECAHIR L w4 L Bk A9 BRI A W) B2 #REHRNTEALR CH, B HKE 2
B, VRHBZH 2 Y CH4ﬁﬁ:Hﬂ'ﬂFﬁﬁ§%ﬁffﬁﬂ:/ﬁ Fig.2 Transient CH, emission fluxes from different

g 1 constructed wetlands in a typical cycle
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3 Shy iR JE A PN B BRI AIR B R ZAFST2 ESF6T4 [ F4T6 WM F
U VA R ZS CH, 1 B0V BE R F CH, 4k s TS LTaRe LITOR
FCH R, A CH, BBV R A R A 1 ~sppo®m omom S m
T, B RS FRAB. ERESH B, CH, Y AR IS R R A U
ViR S 4y B W 14.53. 23.26. 30.68 perl, 5 “n 1 X/
T 7E I BB B . CH, £ 5 ik vk 2 43 ) 3 51 ol b
T 40.96. 59.51. 30.68 pg'L™'. #Kifi, CH,H =l P
HE IR 2 B A AR IR SR B, R IV B Y E, 2o .
fIEF—150 mV. WU, 5 Bz 936 0 45 o AT NN SN Y |
BETb, HEFE A CH, 98 SRS 0 . 25 1 My || g Gl “I .| .‘|| il .;.| Ll
(4 E, /& T 50 mV B, 2342 k7= 4 CH>Y, 4% 0 2 6 10 14 24 26 32 37 48
AV 4TI, T L R B A A B, AT s’
F-20mV, IR B E, W AR 25 3 1 100 mV, 7£ F3 #ARFARNARALEHARES CH,
MR BY B, B E, AR, T8 REAREHOER

Fig. 3 Changes in CH, fluxes and dissolved CH, content in
different constructed wetlands during the typical period

CH, HEHE 2 T o b d] 1 PR

= F8T2 o T2F8 -a F6T4 -a T4F6 5 = F8T2 o T2F8 —a F6T4 —a T4F6
3000 o FuT6 —o T6F4 e F o FAT6 —o-T6F4 e F
250
4L
200 |
150 23t
> &0
£ 100 £
o = 2t
o
50 | A
ol 1r
-50 | ol
-100
0 3 6 9 1215182124273033 3639424548 0 3 6 9 12151821242730333639424548
s [ /h I ] /h
(@) E, (b) DO

Eld4 FEEAHAEALEN $ E 7 DO HEK
Fig. 4 Changes in E, and DO in each artificial wetland in different cycles

AR E, 70 9 A —-27.5. =363, —61.7 mV, BESEE, ¥ 100 mV; B4 2 59 3k iR R BRI
E, /35 H-26.5. —32.81, —409mV, BES B E, ¥#iF100 mV,

LSRR, CH M A kA e A B AN, MR B2 LIS 0 0% CH, W P, 7 g
SE, BHMRERRARGEASE CH M, MK 2R CH HEA KA, i R4 H 3
CH, HEpCE B aGER K, a2, AR ABSRE B E TS, 54,
ANTRIFL B R AN T 70 b SRR AT o AR L i UL L, DA T 0 Y b 3 i SR A 1 o BRAR B R B
F X CH, A A B CH, AL EEAE R . B FeRIMA,, RE T EA KRS EMK, Bk
R, S5, s 5 HILFE T A A IR SR TFIRY , mAXT CH, Fm A g 3]
BELAS A0 F e A (R 8 0 D) sk /0 7 7= W ey R A i, BHLAS T CH, 2 AR 20, Ak, E iR
R H A7, il CH, B 5 SCBLR A A Ak, O e — i A HAA A8 W 721k, CH, #i &1k
R COLTN AR kA LB ad i, ok T RE S FeP IR JEOh Fe?', CH, 1Y L 32 M A
CH, #: 4kl CO, ;T FEZBH , T3 CH, W HERC R A 2= .

24 AEIALE#EEA NO HEHMMERBBESN,0TKL

5 (a) Ay ML FE A PO [E)N TR e NLO BT HERGE 5. DL 48 h y— - S RU R 3, Y23 F 76 1

FAHI A NO 19 B FHECR Jy (100.04+18.84) pgrm 2, 138 3 A 0 510 b F AR I, TR H2H 1 098
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20000 (q) = F8T2 -o- T2F8 —A-FGT4 —a- T4F6 F8T2 EST2F8 [mMF6T4 mmF
—-F4T6 —o— T6F4 —»F o KN T4F6 CF4T6 CIT6F4
~ 15000 60 — piok ol Vo
& o = = = =
%0 S sof
< 10000 - =
i £ 40
= iz
o =30 -
S, 5000F C, A
3 \ - Z 20}
Z , g % 20 ]
< \\ R X - R g
(4 ~ = A e = L R L
or ' @mééié_ NN
! ! ! ! ! | 0 B AR AR F I I I
0

=5 0 5 10 15 20 25 30 35 40 45 50 2 6 10 14 24 26 32 37 48
A TB] /b I a]/h
(a) N,OHF A& (b) SN, OMREAZ 1L
5 HBFBANAREALRR N,OHBBEEMABES N0 RENTKL
Fig. 5 Changes in N,O fluxes and dissolved N,O content in different constructed wetlands during the typical period

A28 NO RBUEHCR YA TR, Higal ®3 ARFAYMATERHE RitHRE
2 () N,O BT HECEAR Tl 1. 2436 /8% Table 3 -Cumulative NO, emissions from different wetland
BT L = BRI R Y ki Xt ypler vce per

7RG R ML 2 LR M4 1 9 NLO I HE R T R ik NO, BRI
Jo WD MR- A7 B R BUOR R, Bk 1 128 57.70+5.38
BB NLO B SR A . MR B NLO : T4Fo 59.8947.55
HeROE R TR R, S A TR bR ! Tor4 67.3912.17
%5 v NLO HE i3 A A7 75 NLO 1 Bt 25 BE < 2 FeT2 32452271
YO B N T B TR A . — T, TR : FoTa 40.22+3.69
R I P FHAE 7 825 NLO HEA K 3R B rh 1, 2 FaTe 38855431
b, BREASB: DO U F T2 B A T A R XAl F 100.04+18.84
fif (Nos) FYWE F1, #Emifefl N,OA: gk &

HeRcto,

5 (b) Sy — A~ Hi R0 ] 30 P ) B ORI AR B SO B b NLO Y S 4k B 72 Ak . TEAIR P00 301 Al B
B, N,O MR AR, BAE R N BEAT S h T, N,O BBt v B i B W i . £ 4 DA T
B R G, A FWERET 24 h, HIAEFEAS N,O Bk EH N (4.01-3.27) ~ (16.11-22.96) pg'L™',
IS 0 #647 24°h J, N,O Jor i vk B2 ) SR W] S B AEG, A (10.84+0.18) ~ (2.10+1.18) pg'L™'. BA
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2 F6T4 150.06:0.85ed 5.10+0.03 67.11+£2.93¢ 20.00£0.08 25.1042.14ed
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Influence of substrate filling method and volume ratio on greenhouse gases
emissions from iron carbon-zeolite constructed wetlands
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1. College of Resources and Environment, Southwest University, Chongqing 400715, China; 2. Institute of Innovation and
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Abstract Constructed wetlands have been widely used in wastewater treatment, but the greenhouse gas flux
from constructed wetlands is two to ten times higher than that from natural wetlands, so there is an urgent need
to reduce greenhouse gas emissions from constructed wetlands. In this study, a submerged wetland system was
constructed in a greenhouse with different filler ratios and filling sequences: 20% Fe carbon filler+80% zeolite
filler+intermittent aeration (where Fe carbon in the upper zeolite layer is denoted as T2F8 and Fe carbon in the
lower zeolite layer is denoted as F8T2, hereinafter), 40% Fe carbon filler+60% zeolite filler+intermittent
aeration (denoted as T4F6 and F6T4), 60% FeC filler+40% zeolite filler+intermittent aeration (denoted as T6F4
and F4T6), and 100% zeolite filler+intermittent aeration as the control group (F), to investigate the effect of
substrate filling method on greenhouse gas emissions in the constructed wetland system. The results showed that
compared with the iron carbon filled wetland group 1 (T2F8, T4F6, T6F4), the iron carbon filled wetland group
2 (F8T2, F6T4, FAT6) significantly reduced the CH, and N,O emissions in the constructed wetland (P<0.05).
The lower the proportion of iron carbon, the lower the CH, and N,O emission (P<0.05); the peak of CH, and
N,O emission in the aeration section in a typical cycle, the peak of emission in wetland F8T2 is significantly
lower than other wetlands (P<0.05), and the maximum reduction of its integrated GWP reaches 75.82%. In total,
the FeC-filled substrate and the FeC-zeolite constructed wetland with a 2:8 FeC-zeolite volume ratio (F8T2) had
the lowest integrated GWP and the best GHG reduction.

Keywords - greenhouse gases; constructed wetlands; methane; nitrous oxide
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