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B, 4 207 A4 - 24 H 7K COD 43 5112 (34.99+1.60). (35.57+1.69). (30.87+1.65) Fil (27.5242.37) mg'L™', COD LR &K
¥k B 90% UL o 448 M RG B W KX TN IR B 4 5 & (24.75£0.96) . (24.99+0.72), (15.04+0.61) Al
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AR T T 22 W B R B AR TR IR, R A R A S R S s A i A i A
YRR RE VAT RGN AP IR R AR, IR LR T AE AR AR B 1) o B, B8 3 2o 0 Pl TR R A1 231 1)
1) S B R S R ML AT RIS, BRI, ARk TT DAAT ACH A U N TR b R SE H DOAS A2 1Y 1)
B, AT DAE R RIE S 5 M Y A FE . R T AR W R e R Ak - RS A AR R AL 2 5
N,O iy HE Tk, 5 B AT 26 F A= 4 s 6 N,O HE B0 M F JF A 38 e 3618, P 78 HIL B i AN B
CAYUELA 45V iF 5% % BRAE 433 P ds I A2 0 % 230 /0 NLO RO HER ,  {HLE 7k 22 45 150 0 3 B A5 W e ol 3%
TSRS T RE 21N NLO M HETL

THAN, RN N TR b i R R A AR, (HELARVE FIBLS N RIS AE . BEAL % &
B I TUAR P v ) 2 WA R Min® 0 Fe? VR S i - 52 (40 R e it A5 IR S SR i 3 4 . th T Fe 8
KB 2 N AW, AW e B b 5 Y i T 2 R AR . Fe R S TE AL T A, FR AL
NO; L F i HL A% 4k o N, A A Ak ad 72 o R AR AN C/N 15 K I, Fe fr s Z 810 AH 5% fk BE 4% 95 />
A LB Y, SONG 2 ji] 6 > AN [a] /N #E K (i 3 1 I i N 38 H A Fe*', &34 C/N K
2 BFES N 30 mg L' A9 Fer 2 fff R G b i S i Ak 1 FR 15 31 25 A elss . B4, GRANGER 417 1y 4ifF 5%
W, BRAER WL EAETR )23, B S T TR A R P 4 T i A 4 1L R SRS T B —
ERIFE . SULFE, FeVE N F 20k, 852 NH A Tl 5 4% 1k S NOSME b fl A ad A 090, 7 &
PESAR TR T, A DLBIR R FE WA 2 VI 56 R 0 M R TEAT A HLBR IR I, X U 2%
BRI A W S AR O A O

R, ARUFIEEEINEY s R R R S A N TR, BFSE T
XFi5 7K COD £ BRACH . B A& BE Sy & H X CH, F1 N,O HERZr 52, LA S A T8 3 v 35 G o 14 sk
HEfE S %
1 #MR5E%
11 LWRE

AR S 6 %5 A VU R OR A TR IR B 2 B 15 E R AT (29°49'N, 106°25°E), 5256 4] ] < i A
F17~39 °C, FERIE N 26.4 C L2 EME 1R, HARZEWERIEE, M ERN 35cm,
TN 40 em, FEFTEDRHEE N 40 em, Horb, WCHEY S US I 45 0 B R SRR 15%, 43R
0. 15% HET" . 15% £ . 15% B +15% EWw (RA), MCETHED LI, b FHEHk
AT (E ), LEBRAEE NS cm, 4 40850624 85 H- A T G 1), 8o a- AT
QR ), AW x- AN TR QR o A+EYm- AN TR QRHb V), R4S S0 560 b 3 % &
2AEAE . FTHERA L AALEE AR, R 1~3 em, KPR IETE; 204 ML F A &
WS, Riteh 13 cm, KT HIRBE; AR RKEEA R E, KAEoy 0.8~1 cm, Kyttt
JE TS s JRH RN B (Acorus calamus L.), FIAHSEE N 30 #k-m2, i E —REK 45em, HE
H'S em 19 PVC ZFALAE F FHUKHEK o ABFFCR R K B 2, 3 8K 4 B i E (HRT) by 4 d,
FERRA K SR R R 5 1 R P BUREfS Al -~
AT K S 4 5 K K 53 1 NN
ML FRE 45 LR H— AN TR RS,
SERLIEAK o
1.2 RZIEIT
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174d, 10 A 8 H 4755 — OK Bl e 345 1k Fig. 1 Schematic diagram of lab-scale subsurface

SOy constructed wetland
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AR KL AE TR V5 K, [ COD/N #E/K Fb 2y 10:1, R A MK 2, B THdkK
fU3% 160 mg NH,C1, 22.5mg KH,PO,. 97.56 mg MgS0,-7H,0. 58.28 mg CaCl,. 10 mg &k, 366.67 mg
FEFE . 1.5 mg FeSO,7H,0. 0.1 ml i #®ICEK . S M EILE P A 3.5 mg EDTA-Na;, 1.69 mg
H,BO;. 1.08 mg MnCl,"4H,0. 1.32 mg ZnSO,7H,0. 0.39 mg CuSO,-5H,0. 0.049 mg H;Mo00O,4H,0O,
T FF A5 4D 33 K Hh 4% (443.1845.20) mg COD, (1.76+0.022) mg NO;-N, (42.12+0.37) mg NH;-N, (7.80+
0.11) mg DO, HE/K pH {#H57E 7.26+£0.015.

13 #RRESHMEE

DR E. REREBITE, B 4d#T—WOKBRRES 201, 185E 78 09:00—10:00 #
FTRAE, KT HEARRTEEA 2 B H K 2 SR AE o g B — BT 80 358 B — A4 Ji 10 Dy i 75 i) 34 08 4 7K o
W, IR FERZIN IR R A, 03 S R A 00 1. 2, 4. 8. 12, 24, 28, 36, 48, 54,
60, 72. 76, 84, 96h,

N,O Fl CH, MR AL S S WA, BRI 1A n e dl, DA, 1 KA A
JEZH B, G TOUAR R A 35 R S AR, AR RS R w35 emx 50 cm. 7E SR I E AT R &
SRIRAE ST HE RO A, 2S5 R AR AR 2, I E 13 A SREERT R AR, DAaEK
T2 i, I 0. 6. 12, 24, 30, 36, 48,54, 60, 72. 78, 84 196 h, E[I Y fE
WEEKR 08:00, 14:00, 20:00 FEATRAEE, BLAAE S ATAC R

)RS M. AKEEFEFR COD. NH;-N. NO;-N. NO;-N. TN 4% [ 5 by i 43 B 35 U9 g 470
JE o JKFEDO. pH. Eh i R HIHRE 8 -FER] 2 2 2800 1 SG98 #17 .

RE SR A A A B 8] SRR R S ] 530 min, 8BS 10 min FHARFL R 60 mL &9 38 R 5 2% R
R—IWAHE, a4 HE, FIH] Agilent 7890A UM (435 300 7 N,O id &l CH, i@ &, 4= (1) #1(2)
P

273 P dc

273+T P, dr

273 P dc

273+T P, ' dr @

K Fou M CH, HERCGH 2, mg-(m>h)"; Faol NO HERGHE &, peg-(m>h)'s ENFENEE, om;

THRAEWIEAE N, Cs PARMERIRSE, Pa; POAMRHRIRGL T B KSR, Pa; ok
MR, g5 do/de Ry RAEIIIE A N SRR B2 AR fb %, IE(E AR HEL, SRR M.

3) Al Ab B . B R IE R B AR E R B o B s 43 A i ) SPSS19.0, X4 Z ]Sk
FHAH SR M JF 01T 0 B A 56, R BR 2 i) R H Origin 8.5,
2 HBR5DH
2.1 RELIRMDAN LR A5 7K IR R

RGFRES AT A 25 TR bR A0 2% 1 TR .

W H T AT 3 H T AR B IV (%) DO 4351 Teble 1

)

F1 HAKKREKRIER

Basic indicators of effluent quality mg-L™

J& (0.14£0.015). (0.15£0.016). (0.18+0.014) F
(0.19£0.11) mg-L™, A= ¥ < (R 85 Jin S 8k A1 A

QI:IE COD TN NHI—N NO;_N

W e T B A VR I (AR R R k2B BB A VR ) WML T 34.99+1.60 24755096 23.15:043  0.270.041
2 p = A - [= RN

PI%t % %5 DO 2 2 i 3 Ve 1] (P<0.05). 4 41 MMM 35.57+1.69  24.99+£0.72  23.62+0.38  0.20+0.060

Vi H P 357 e 7K COD 43 3114 (34.99+1.60) . (35.57+

1.69). (30.87+1.65) 1 (27.52+2.37) mg-L™", XJ )

WHEI  30.87+1.65  15.04£0.61  13.68+0.26  0.15+0.037
BHLIV - 27.52£2.37  15.63£0.61  14.66+0.65 0.30+0.16
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f) COD £ BRF 41518 92.10% . 91.97%. 93.03% 1 93.79%, HH" 41 i iNx COD Y 2 BRIF 6 B 3% %
M) (P>0.05), {HA:= 9y 0 s i Ak A2 BR G s in 34 f 25 42 = COD 1Y 2 R %8 (P<0.05).

4 20 N T8 Hb Y SF 2 H K NHZ-N #4351 2 (23.150.43) . (23.62+0.38). (13.68+0.26) F1 (14.66+
0.65) mg-L™", X i [ NH;-N 23 Bg 2K 5351 4 45.04% . 43.92% . 67.52% 1 65.19%. FH%: P I, 2k
WA BTN AT T NHE-N B 25 589 0 8.3 5200 (P>0.05), 1 A 80 ¢ B 18 0 0 42k - A B 45 TS in 34y 8 e
I8 7 HUKNHE-N W B (P<0.01), fEJRHs T . fB3b 1T . (@Il . JR 38 IV Bl Kb, TN R AE7E
JE X NNH-NIE R AT (£ 1), 204 TN (1 95.88%, Z 45 K TN ¥ BES5 NH-N £ A — 5, NH;-
N ) & 43 il o~ 93.54% ., 94.52% . 90.96% Al 93.79%. NO,-N 1 NO;-N 7£ H 7K ik & 35 R 8 i
0.3 mgL™", XFHiK TN STk 2% LLF .

22 AAEHANRGEKEIERNTL

MY N R R IR IR TE 23.4~34.0 €, FIRR 26.5°C, Wi o b I 38 b T
Hi1 IV DO i1 COD 224k #a AL (K 2). #E/KJ5 2 h N DO #e i 7.97 mg- L™ i FF£#] 0.15 mg-L™
LA, IU)E DO W E — B4R e 02 mg L' A4 o 4 4LiBHAYiE/K COD Jy 44824 mg- L', #/KJ5 2h
PR FFE, 2h 5 FROEERE, 24 h 52 50 mg L IR, MG — HAEEE X —KF, RAH
KA 30 mg- L',

P 3 e T #L R R 3 N OR [AIE b 2R 48 TN, NHj, NO; . NO;f# 284k . i & 3(a) A 3(b) Al
AL, FEHAIFWIN, R TN WAL S RINHN AR —5, #KE8h NRE T, 25
WM, EBTRE. BT . BT B, BV A H K TN ¥ B 530 4 25.50.,
25.68. 17.68 Fl 17.94 mg-L™", 54 F Gt /K NH-N ¥ B AH 0L . 4 4130 M i) F 7K NH;-N ¥ B 35
43.92 mg'L™, #EKZJ5 8 h WlVEl R, 8 h/G A ik sh £ B Wite . Wi [ Fi i T 28 oK
NH;-N ¥ BEHE0T, 43590 24.83 mg- L=\ Fl 25.24 mg-L", I b 1T 135 4 IV i) B 28 1 7K A NHE-N Y o 8
Heilr, 4l 17.62mg L F17.14 mg- L™, /N h T AN 11 X5 0 FNH-N W B . 4 218 #NO;-N
e B AR A S B PRI R AR L . NOJ-N W B 7K B 8 0.01 mg L', Z 5 i fin, i 1 . J@ib 1T AL
I AE 1 h 2547 43 93k B EAE 20350 0 0.36. 0.94 F10.12 mg-L™", JRHIIVAE 2 h ik B, M 0.45
mg- L™, 4 B HINO;-N e B R B 5 2R TR, 4h G AF R, JF50 B i e fE K ik
JEAKF, HIK 25 0,06, 0.01, 0 AT 0 mg L™, NO;-N 78 HiL7 JE HA P ik B 3 2 4b T8ROk, e
At 1 mg L' (E 3(¢)). 7R T, 23 I, {310, JEHIVAINO;-N R EERI 4G~ 2.02 mg- L™, 7EiE
KIG Th NG TR, ZE8TRE, &&HKEES50 033, 024, 025 F10.17 mg' L™,

REWNBHEK pH o8 7.23, RN, $HKE pH R TR, 25 &L T, H K pH K

8a 500
—=— M I —e— g I —e— g I —e— BT
—— Bl —— IV 400 —— gl IV
2 g = 300
2oq g
S 15 g »oo
A 1.0 O
0.5 H 100 H
0 AR 0
0 20 40 60 80 100 0 20 40 60 80 100
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E2 #BFHARREIEM RS COD. DO EREWL
Fig. 2 Changes of DO and COD in different constructed wetland systems during typical cycles
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Fig.3 Changes of TN, NH}, NO;, NO; concentrations in different constructed wetland systems during typical cycles
Tk (B 4), 4 43R H K pH 235108 695, 691, 6.68. 6.80, 1K 4 7] W, 4 2H 16 M () E ALk I
{7 (Eh) 9 5 B 6 B0 A5 R L JE k910 Eh T R e, £E 24 hak BN AG AL 4 B 458,
-364.7. 3159, —239mV, i 36h i [mF+F]-100 mV 247, ZJ5 R4 Eh B2, [T o R v
18, H.iH/K Eh 23052692, —53.9, ~83.9. ~11.2mV.,
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Fig. 4 Changes of pH and Eh in different constructed wetland systems during typical cycles
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Fig. 5 Changes of the flux of N,O and CH, in different constructed wetlands during typical cycles

R S SR — B, 2 4 A TR b 9 CH, HE R A S35 R 1.16~56.39 mg-(m-h) ! T (1.86~
48.19) mg-(m*>h)", 2 40 RS CH, HEHGH & £ 52 90 Sige B AR Ak | HEBGAE 34 H 3 AE #E 7K )5 30 h,
W 43 0]k 56.39 mg-(m*-h)™" Al 48.19 mg-(m?*-h) ' 2ath I () CH, HE G &= H 2K J5 — E AR AR Y
K, AT B AR, HECE R 0.70~9.34 mg-(m?-h) ' IR 4 IV A9 CH, HERCHE 578 Ak e 55
H MARRL, IR BT R qE , HFAGE %4 1.56~12.68 mg-(m*h) ',

2.4 HLEIFHI N,O HEg L &

K ZJE M T YR 1T YR b T 35 b IV 76 30 ) 3 9 1) NLO HERIGH & 05 24 Tk sl
I3 Je 81.93~313.95, 118.19~323.60. 48.42~179.25 F1 102.47~295.26 pg-(m*h) (& 5), {EHb T FEH 1T
F NLO HIETE 5 B BUE T (AR fLfadAy, J it T AU BLZE 12 h AT 72 h, 435154 205.43 pg-(m*-h) ™’
#1313.95 pg-(m>h) ™", VEH T (I B ERTE 24 h A1 84 h, 433124 207.75 pg-(m>h) ™" #1323.60 pg-(m>h) ',
T 1 T8 NLO HE i e 52 B R 25 Ak, E R /K 24 h BRI, 4 179.25 pg-(m>-h) ' 140 IV A7 4
53 4 T NLO HERCE R ASARMIRL, 76 24 h BLIG(E , R 295.26 pg-(m>h)™', J& 145 164 11 A28 £k
AL, EHERGE B AR LR TR T .

2.5 BBIFHIA N0 # CH, W2 E R ELEZES GWP

5 e S [ L 25 A A T 4 BR AR W8 A4 AR X6 5 i T GWP SR HEA T4 317, TPCC(2013) 2 13E 4 $i i #
BT, 7E 100 a BYEHE] ROBE |, B0 A A9 CH, F NLO 4 BRI IR 320 51 & CO, 1 28 175 il 265 175181,
LIl 1gm?CO, lGWP K 1, 32 R4 A% N,O Fl CH, 114 1 HE jifg i £ K 780 5 10 py i 2 i <44 e
AW ZREA GWP: w CH, HEBGHE S 5, AW s R A 1S INEAS R 2 B2 L SC8 T CH, 3
He, RHOT PR HOIT . 2 H IV A9 HEBGHE & 5508 (22.80£3.90), (5.50+0.89), (5.89+1.20) mg:(m*-h)™",
AHBET 1R M T Y CH, HE S E H (34.18+6.38) mg-(m?>-h) ' 23 58 /0 T 33.29% . 83.91% H1 82.77%. {5
0 W Il . 92 He IV A CH, HE B & 3 0 2 8 TR b [ (P<0.05); LIV 508 Hb 1T A9 22 = B 3%
(P<0.05), {H 53T Y22 55 A B3 (P>0.05), XT T N,O HEl 1 >k ihd, A [R] 9k HE 4 ot 09 4% i . 78
ANFERRE B2 7 NO R HE, Wb T . @b T . 323 IV i) NLO HERGHE & 43 5 & (338.00+£36.67) .
(312.67+36.64), (345.70+34.27) pg-(m>-h)™", BI/NF ML 1 ((451.88+61.92) pg-(m*h)™"), HAHHK T

I 3 A BEAR T 25.20% . 30.80% 1 23.50%. XF F /K J1 5 8 &3 9 19 N T8 i 19 25 5 GWP, 12 i
I i) GWP 57 ik 2 J2: 69.88+10.42, AH LR T 1Y (103.3617.01) W& /> T 32.39%, @b 1T i) GWP 53 ifik
O 22.7342.43, /DT 78.01%, MRHLIV ) GWP BTk EJ® 24.62+3.23, W T 76.18%:
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*®2 BRLGCH,AMNOMHAMBE., AEFHANHBERLES GWP
Table 2 CH, and N,O emissions and integrated GWP during typical cycles of each system

CH, N,O
b - - - - (N,O+CH,)Z# & GWP
Hifit i 2 /(mg - (m?> h ™)) HEfsE /(g m ™) Hifik w2/ (ug- (m*h) ) HEfif R/ (mg-m ™)

T T 34.18+6.38 3.2840.61 451.88+61.92 43.38+5.94 103.36+17.01
kb 11 22.80+3.90 2.19+0.37 338.00+36.67 32.45+3.52 69.88+10.42
TR T 5.50+0.89 0.53+0.09 312.67+36.64 30.02+43.52 22.73+2.43
T IV 5.89+1.20 0.57+0.12 345.70+34.27 33.19+£3.29 24.62+3.23

3 g

3.0 EWIRFET A HKKREER

A TR R 4 DO FE ok A TR PRI A . KRKE RN K P RAES . FERBINE
T, YRR A M RKRE IR R R 20, N TR DO AR, AbF B s R
SURDS . R B FLBR I R AR S, A AT DO L, Rk, 2B W1 TR N — & R E b kst
TARSENKDO AL, HRESEEENAIR, HIiE AT IREIRE . 12 IV H DO W 512
MAHL, APk ZEAEH . 4 4B H COD LB R B FEFE90% LU I, H/K COD ¥MEF 50 mg-L™',
FEE CUREE TS K AL BR )5 Y W HECRR E ) (GB 18918-2002) — 2% A(50 mg-L ") A, A WY 0 B i &
BRI P 0 aF IR AE Y, K, COD B3R5 R4 DO A& VIBC R, AWmxi DO A
WEEVEA, R A 5 0 i g 2 3R T COD [ BRK

NH;-N 2 i filf 1k i #2 5% 16 NO;-N FINO;-N, Z i R iFE I, HTEARS5Y. 24N
DO A BRI T bt R pg i 17, Bk, 4 400 M NH-N L BR 2RI A & o 30 H 1 FE e IV i1
NH;-N AR e T T FBa I, E8A 2 7 mmEE . —Jrim, ExEahRmpR, 1L
BLZ R4, BB KRBUED I E 2 M, SREWIRME T R4 m A 77 40k, s S Ak 40
(AOB) S & A AL i (AOA) %5, fEHEAH AL I N 9 #E4T, 8 MNH;-N PR %, SAEED % F| 4 #l
P AR Bt ik 8] T RRE R s 0 — T, AW AR R R IR AR U T AR I A Al g, AT R E
REMAE AT, 5 SHUATSEPY IR GE 45 RN TR], B A % - NH-N B 25 B 30CR I 6 R an i
W, HE RS, SRR FeRE S ME N i T2 R ENH R Atk , BA T Hh DOARE, 7
NH LTI RIS, Fe WPk Eft, Wi se oK g i 20, DTS2 T NH;-N (19 2555k .

MM T BTN 22 B R AR 4 S5 i sy a5 I — 20, A2 50%. TN By 22 bR 75 ZEE Ak - Al Ak 1 7
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Effects of hematite and biochar addition on sewage treatment and greenhouse

gases emissions in subsurface flow constructed wetland
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Abstract  Constructed wetland is an important source of greenhouse gas emissions. In order to explore
measures to reduce their greenhouse gases emissions, in this study, four groups of wetlands, including blank
constructed wetland (wetland 1), hematite constructed wetland (wetland II), biochar constructed wetland
(wetland IIT) and hematite-biochar constructed wetland (wetland 1V) were built to investigate the effect of
hematite or biochar addition on the sewage treatment and greenhouse gas emissions of subsurface flow
constructed wetlands. The results' showed that the average effluent COD concentrations of the four wetlands
were (34.99+1.60), (35.57£1.69), (30.87+1.65) and (27.52+2.37) mg-L™", respectively, and all the COD removal
rates reached higher than 90%. The average TN concentrations of the four wetland systems were (24.75+0.96),
(24.99+0.72), (15.04+0.61) and (15.63+0.61) mg-L ™", respectively, and the average TN removal rates of wetland
IIT and wetland IV were 65.73% and 64.41%, respectively, both of them were higher than those of wetland I
(43.61%) and wetland II (43.08%). Similar to TN, the NH,-N removal rates of the four wetland systems were
45.04%, 43.92%, 67.52% and 65.19%, respectively. The addition of hematite-biochar also had a certain effect
on the reduction of CH, and N,O emissions in the system. With a GWP of 1 g'm™ CO, as 1, the average
integrated global warming potential (GWP) values of the wetland II and wetland I systems were 69.88 and
22.73, respectively, and they decreased by 32.39% and 78.01% compared with wetland (103.36), respectively.
The GWP-value of the CH, and N,O emissions of wetland IV was similar to that of wetland III with the addition
of biochar alone, which was 24.62. Compared with hematite, the addition of biochar caused better sewage
treatment effect and lower CH, and N,O emissions. The biochar in the hematite-biochar wetland plays a major
role in removing pollutants and reducing greenhouse gas emissions. This study can provide effective suggestions
for the improvement of constructed wetlands.

Keywords subsurface constructed wetlands; hematite; biochar; pollutant removal; greenhouse gases
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