011800
10101831
2 A1001 %00 0100 O ] _
\501110001010100020101040003031103001 03 04E0IE
; n:.nmumamn1nnuumunnmwnnnuunm:.u 010

0o mﬂwluumnumuJ.umum.mmuummuuoi :
il 101 oLanoy I 030
'1%?:‘%‘”“' : 101,00101003308

o003 A040

o o !

mnl.:.u 100010001 fll‘afggf :
0 103

; Blﬂlulﬂiﬂuu lﬂﬂFl.f




B R

FoX FHoW (HUANJING GONGCHENG XUEBAO) 2015 49 H
H R
K5 EBE

SN 3 B HF B I TERCRAZGIERGIR - ovvveeeeeenenseeens KAk E MOE K E885(4097)
SEACERBE R A/O-MBR TG TRENE  <ooeeeeererreeeenees et F OF OEHY X M Hek F i (4102)
b L A N L U 1R W IR e B e £ o | e T T T P

........................................................................ o A # ARE 2¥% AR 3 07 (4107)
Ca” SRS ALIRLIGIREETR —oovveveve oo Bk AR W R R ¥ % m I &(412)
I KT A [ A S R P S B, eveeeeererennennnnnennnnn I = AR AR =0 E EFF(4117)
WAKATRE DK Fey O (0T B BERYURHE T wooeevennninnn WRM EEE ARE LR (4125)
A U R AP KN-R o Bo% ALE BAET BRE EEN L om 2 F(4131)
B Hly 252 phots o T A T T TS UL B BT EEL  +ooeeemmmmmmrn e oo et e ¥ OR IR HEEF(4138)
S FAAE T R Fr i AL S BB RGEMI oveeeeeeeoe R FEA AER HER(4145)
Fenton AR Ti0, S AL FERE =S Z BB PRBLIL --oooeeeeoeeeeos IO AEE F OB BT B AMID)
T K S AR AU N TAGIRRK B TIAL -oeveeememeeemmeeeeneens REF FalgE AP THF159)
FEAR AL SR AL T AL G C/N ARJFHEIK -oeeeveeeeeeeeeenees ®OR RWEZ IR FEHE ERE KR (4165)
TCPE T IR ZERET BRI T ZS YA «oeeeeereeremre ettt At IR R 3(4171)
2 BRI BT L STRIILHITGI -ooooeveeoomsseomseeenes AEMK SFE IR EI ARKITS)
FET AR ERRE (D) I rhFL g 2 T E GRS TIZE AT vevvvveerremnermmmmesesenner e e e e et e et e ettt

........................................................................ MEZE W OREBE R EBRSL H E(4185)
ST V5K A B bR I A B TR AAERE - oeeeeeen e GmE R A ERD(4193)
BN T TARHAFARAAMI IR - oeeoeemseemmseemenenens Mokd RmE LK B B HUWA(4199)
7S KL L AR TR A W KA K TR S FF B FF] e eveeeeemmemmemmmmmeneeinei i Mk ML B 7(4206)
I RGR BT AT G IAL -oeeveeeeeemeenens ST # R KO HEE R A(4211)
ETEINATRAKNE SHEHUE AL & % BAF ¥ R s Rk SRR R E(42107)
v RR] e 5] Fe-N-Ti0,/FP-CTS R e Oy A e ] 3 A PP PPEE:

........................................................................ HEH EIdr FEF R OB LEE Rk (4223)
A Cop sNig s Fe, O B BT K A TLGATHIILBE -oovvvveeeeeemeeeeenos IFE EERA R M REE(4228)
pH X WAL S A A S P VAR AN BRI EI - vveee oo HPEAR R AR E(4233)
FERE A FUIR T B RE BB AE o eeeeee e, Bk kb GRE(4239)
T AT BT L R T K RGBRER vvvveerrvrrermmmmmmnmmnmmii ER & EXHF WAEX  BAEF4245)
BRRGIE C/N (AT TR TS A TN BRI oo E X EMF ARA #HiE(4252)
SRR LA B UL S0 oo ooeeeee oo FEA MRS F A EEA NBHE  KAR(4259)
PG N T KRB 25 A A AE B LA TEAEPE  wvereereeeeeeeeeeeereeieieeie, FRA EIg B A R E(4265)
D PERGSESE A FRYE A AF TR BHIERE «oveeeerereeereeenes fEsm R Rath B FEE O EAZ SRR (4273)
RAR A XTI K TP R BIARIE oeeeeeeeeeeeneees FXx4 AR OB OKBEFT KR 2 OE # kAL ZE4(4281)
LB SR FE IR eeeerrrrrre e heomy Raky Auwrit Tk 3 B sk P (4287)
PRAE IR R 5 RSB RS IHE TG YR SR REME - oevveeeeeens ok R oW o F O BEK(4293)
PR A LRI AE RS IAEL coeeereee e hEH REGR K OH O ImW O %E(4300)
BREGHEAL B ) 25 B AT YSRIFRAT - -vv v oo e e Ak ZEZ K Asif Hussain T 3 2247 (4309)
A 5L 25 R T S V7 T M X TS e TR A B TR L ARG AB AT wvvvvvvrreeeeemmmmmmmensee sttt ettt e e

............................................................ £ A2 AEK KT R W oA AEF W A(4314)
WA IR AT TR BRI UL —vvovverveeremoreenmesne e 34 EEK KSZE IO xR R (4321)
2-Z FL MR A B AL FE AR B AL SRR AT b FEEE R IK T HIIK +eveveremreeeeee s e

........................................................................ Agd F OB AR NHE O F 4 E2F2(4326)
BB = A BRI R IR v eveereemeereeemeene oo Bk REE ERRZE BEE(4333)
REFEAK A PRI K AR Cu(I) BT oo B ¥ gk RAER RS HHR(4339)
FNPR K A B R USRI EIE AL eveeeoee BB FAET AEH ETRE HEH45)

W%{ﬁ@ﬁ%ﬂﬂ(ﬂlﬂN-DBPEWZIS%E’JHKW ............................................................ % — 1 /i\ﬂsﬂii,& J 7’3(4353)



B R

FoL HoW (HUANJING GONGCHENG XUEBAO) 201549 H
ST P SR R FE A BRI ZG A AT U RIRAFIE - oevveeneeeeene ERE M RGE I EIH(4359)
Fenton A AT ICKEZG5 YL FIIMRPRIL +ovvveeereoeeseeeeneens BiH, EAF AR EPA HEF(4365)
PP B M B K T P BB oo X OB OEBE B RAN FIE KB (4371)
ES BB T4 B TS YL JIEYRALER v ovveerrreereessneesssee e BES OEWW B A Rk RFE£(4376)
Halothiobacillus neapolitanus [P E B BRI TE DI ZERSI oo vvvveeeee oo BN AT B EE(4385)
M T 40 BTN G A T A A RS SMBR RS Ty PR BRI <oveeveeeemeeeneneeens M5 IS xER(4391)
H,0,/Fe’ H,0,/Fe’* H,0,/Fe** 3 Fliff ZAPBRERYLFEIK vvveeerrrmmmreesmmnnreeeniiennns e 3 FHFE B F(4398)
PLBETKAE 75 7K M AL TR 2 19 SBR R [l 15 PR AT T B L B RETR TS+ veeeeeeemmmne e e
........................................................................ Bl ERA TRAE INE = B ERR4403)
PRSP A XK Cr( VI BT IR «+eeerermremmmmmmemeeeenenmiiiiiicec e RAKE E R M EMAR(4409)
DA IR MRS TR VR K I R B B AERE AR +-eveeeeeeemeseeeeeeees #oE X M A O X &(4415)
BN I | L 0 2 L L ® = 4 B(4421)
SMBBR LA R BRHAE B IE VG K oeereeeeereennes FIF F A REE HE R KREF W A&(4427)
XKEFTEKmia
N NN A A L 1 P P PP EMER gL H O R X A 3(4433)
T2 T HEI 5 IR 22 O B R BRI v veeveemmemmmmmememnee e BRI ORI AT R (4440)
TEPA/TETA Bt SBA-15 5if CO, ML FHEEREMIRLME  «vvveerrnerrnmrennneniennnnnn, WAL FUH ZAM B F(4447)
DAY BT T A AR weeeeememmmmmee e FREHK NFLF E O F Ok 1R (4453)
Bt Fe, Oy AR HyS SR AREE oveeeeeeeeemees dhitbk 3K 4 3B P 83 7R K AR R (4458)
— BRI TR S BRI IR TR RE S B TR woeerrrrrmrerreeaennannns FMRIE EAT EEE BNFE(4465)
JURCHTIE 12 47238 5 PR URHIE S L 5 SR R AR T -+ wEE 2 & ENN FEE RTE(4471)
REER IR X B A 2 TR BRI RD M ovvememeemmemeeee Helx FAHE PFRT EEM(4479)
PR T R 2 A VAR, e vevememeeee et oo e x| W, FK E REI T #.(4483)
Bl & &% 4 B
TS IR T AL S JIZEMFGT <o vvrrermrrrereeenen ittt e TR RLE ERGR L H(4488)
Wi 157 T (I P CO, {7 P ) 4 Bl SR W SR GBI P i -+ AR RAE EBE BeHE RFEN FAHE(4495)
ARSI XT Ay I AR B A AR B BOPEF woeeeeeeeeeeeeeeeeee #ooF AR E#ZE XFF(4503)
PO U AL B FEEIRBAR R QIR oo Rmih Mo R A ILBE(4509)
IR BRI AL & CO, e mEE F OF BwF ARK Em RER HER R F F(4514)
0,/CO, ST T ETE VR IR AEIRES o Bl 2 v eveeeemeeeeee e BRES FHTok TR %K (4519)
=y g (IO, i e PP MEA IMEE KRE W3 (4526)
BT HE I TP R AR IR B ST evesseesenesssnesnnnns FEA E M OMRM 2 (4531
S S R HET AR e BEE EBB I Gk FRE FRAL B X LmK(4535)
3FE I USRI ooveeeeereessnnes B & b &R RETF FEE RE0(4540)
B S BT = LI PR YE T oo e % U ERA ¥ B Eks KR ERRE(4547)
U TP AR TS Ve T AR BRI AR vveoeeeeeeoneseeee woh BT OB R W F H(4553)
KU HDPE IBE0 T 35 B LRI D O GEEEAMAT -ooeeeeoeeeeos B B 85 NER AFM F B(4558)
BRI Z BRI TEIRIRGUTTR «ooeeeeereeererreerrerrerremtmmmem, T T =4 K Kk M F x F(4565)
TESEHE
AT S ST BB G Y RE T oeeeeeeeeeeeeeeeee Rye s £ ey REHE F OF FLEMS)
TKIR N 4575 Ut 1 B T IO S AMOMILE Y wevvvvmmmereeermmmmmi et FHE HEBEE FukFiE(4578)
WEE YRR
WETR A T AT TE AT A TR B Bl ZE AT E JL S fEAIAL,  weeeeeeerermmmmmmmmee e e te e e st
........................................................................ MM AT IR TR hE A4 M AEE(4585)
S 4 [ GY2B ARAL R ABIERE  veeeeeerermemrmmmrereees e B RFF EWE E E(4591)
woE K o
FRAERTTIE B AT B YT TS YLARAIE < e veveemereeeeeesenn s re e e e e s E#E FEHE BRA K H(4598)
ST TR RGBS PR K TR WS TITT T eeeeeeeremmmmmmmenee et ee e e e X MFk  FFH4603)
V@ﬁﬁ‘iﬂﬂiﬁ%ﬁﬁ!?ﬁfﬂﬂ%m‘]%%%ﬁ% .......................................... %ﬂj’@ —;g/ ?lj_—j)i ;r]] /ik; ﬂ):] ,1{_ 1116_(4609)



Ho% HOW % x4 R Vol. 9, No. 9
201549 Chinese Journal of Environmental Engineering Sep . 2015
R 3B I N 235 M v R AR P 1) 5% i)

A XmXT LZ4FE T # KAA
ORI A SR BB 5 TR B L (Db 410004)

W OE CHTHIMATIRMAEY 2R AR OB M 2T (Tlex aquifolium) A Z5 ( Rosa chinensis) #1 /\ ffi 4 #% ( Fatsia
Japonica)3 FUARAAE Y 5] AN TR M, LB MR SRTE R G0 X015 K AL AR A8 W) 09 A= ) & 5 %5 TN TP 4 o ik 2 1) BT ik
R R FIBAH W HIBEE I AR PR ICE Y 5 56 BEG S R LR oY . S5 SRR R A i N TR R G S T AR
COD \NH, -N TN TP [ KB %, 5 51k 6.99% 4.91% ,10.25% 8.09% , B IR A FITF 3 ALY LK, FEBRA )G
LU AR AR 4 BEE N T 381,75 .606. 25 1 896. 88 g/m’, MR SR M ARAA Y K R B R, ALEUE AR R BT K& H
THLRE 240 0 20 S0 0 A R K AR ARRRAE o [T BRSBTS A TR B, A% A BB T rP s Ak 1A 3 443 ) D A <0, 28 MPN x
10*/g,B:4.23 MPN x 10*/g,C:7.7 MPN x 10" /g, 53 41, B "< J& it 490 AR s i J3¢ b Tl 1 T 0 R B 119 5 349 4 K 24 £ 50% LA
L X5 RS NP EERRE &G

KR AKHEY B WMEY R

hE SRS X703 XEktRiRaE A XEHS 1673-9108(2015)09-4199-07

Influence of woody plants on a subsurface-flow constructed
wetland system under aerated condition

Chen Yonghua Wu Xiaofu Ji Zhihui Ma Qun Chen Mingli

( College of Environment Science and Engineering, Central South University of Forestry and Technology, Changsha 410004, China)

Abstract

(Ilex aquifolium, Rosa chinensis, and Fatsia japonica) to a subsurface-flow constructed wetland for sewage treat-

In order to increase diversity of the plant in constructed wetland, we applied three woody species

ment, and compared the sewage treatment effects of the system, the plant biomass and the contribution of the
plants to the rate of total nitrogen ( TN) and total phosphorus ( TP) load reduction, the root morphology and inte-
rior structure, and the activity of the root microbes and the matrix enzyme before and after aeration of the system.
The results show that after aeration of the system, the removal rates of COD, NH, -N, TN, and TP increased by
6.99% , 4.91% , 10.25% , and 8.09% , respectively, the biomasses of I. aquifolium, R. chinensis, and F.
japonica increased by 381.75, 606.25, and 896. 88 g/m’, respectively. The woody plants grew lots of fibrous
roots and there were many characteristics of water roots consisting of parenchyma cells after aeration. After aera-
tion of the system, the amounts of nitrifying bacteria in the processing units containing I. aquifolium, R. chinen-
sis, and F. japonica, increased by 0.28 MPN x 10*/g, 4.23 MPN x 10*/g and 7. 7 MPN x 10*/g, respectively.
The increases of phosphatase and urease content in the plant rhizosphere matrix were more than 50% , which was

consistent with the N and P removal rate law.
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Internal structure of the woody plants before and after aeration (4 times)
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AR AH N, B R A 50% LU L X 5 R G
HP ORI N Y 25 B R B A — 3 X UL RN
o R SR AR R AR R B A W B R R
3V B 22 1 ol TR I R PR 8, o ifE — 2D B T BT R
P AN LR,

3.5

(1) BEAJE AT ASE & AR ASHE 90 08 i N T3 b &R
ZiX COD \NH, -N TN TP [ KBRS 51 3
T 6.99% 4.91% .10.25% .8.09% ,WE“<J5 Iy COD .
NH, =N TP f 22 Bt L BRI 1 300 B
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Table 3 Number of rhizosphere nitrifying bacteria and denitrifying bacteria before and after aeration

(MPN x10*/g)

b B ST ey A L R m AL
i Ak 1A AL i A T AL
A 0.4 0.21 0.68 0.3
B 1.1 2.8 5.33 0. 002
C 17.3 0.03 25 0. 001
*4 BSUEREERBHEE
Table 4 Matrix enzyme content near plant root systems before and after aeration (mg/100 g)
S B & ES UASECE:
W R e W ST U5 W T WS
o R T 52.4 78. 67 55. 66 80. 23 44.31 68. 45
JR T 24.71 41.75 12. 36 23.35 9. 88 15. 89




4204 7

o 4R

9%

(2) BESOA R T ARAH Y A4, 72 AR T A
A (60 d) N, 3 FPtEYIAE M 255 H 2= O\ &8,
TEBE SR T R BRI s R 3o T
381.75 .606. 25 F1 896. 88 g/m’,

(3)3 FhARAAE Y76V i N\ L b B < AR R
BB RAET 2, K T EHOaKER, HZ
MR o PN PR 2 A s EL A R TR 0 2 R 5 2R
ZURRE o BRI T i A T B, X B il Ak T R
SO 22 e AN R . BRI AR BEAE AR R 5 R
TR B BAE AR AT LA o3 6 5 25 11 1l 1 ik 1 DR
Witk — LR THHITh XS P AN B EBR A,

2 % X ok

(1] R, /e, thth, . EEEERA T ER
ARVE 3C 2% bR 23 Bl Je 2K & B9 1 L. o 4 Ok kK
2009, 25(24) . 28-35

Wu Zhenbin, Xie Xiaolong, Xu Dong, et al. Application
of integrated vertical flow constructed wetland for improve-
ment of water quality of dragon-shaped water system in Bei-
jing Olympic Forest Park. China Water & Wastewater,
2009, 25(24) : 28-35(in Chinese)

Mok de, RBEFE, [N, %, AN TR 5 KA R 5 h
AR A 0 B O . AR A A, 2009, 29 (11) -
6051-6058

[2]

Chen Yonghua, Wu Xiaofu, He Gang, et al. Analysis of
plant effect and rhizosphere enzyme activity in a constructed

vertical-flow wetland established for sewage treatment. Acta

Ecologica Sinica, 2009, 29(11) : 6051-6058 (in Chinese)

[3] Brkfe, RBEE. ALRMMEYEESEM. Jbu. B
Aol i AL, 2012
(4] RHGHE. Wiy R TRMM. BY . BT

i, 2007

R, KR, BRUL, . ORASRYE N A IR A A
AT WOREOAR, 2012, 31(1) : 73-79

Zhao Shan, Zhang Jun, Chen Chen, et al. Feasibility ex-

[5]

periments in application of woody plants as constructed wet-
land plants. Water Purification Technology, 2012, 31(1) :
73-79 (in Chinese)

Mok de, RS, M, . WHGH K A TR H
A A W 0 e 5 A I . R BE AR, 2014, 35
(2):585-591

Chen Yonghua, Wu Xiaofu, Hao Jun, et al. Selection and

—
=)}
[

purification potential evaluation of woody plant in vertical
flow constructed wetlands in the subtropical Area. Environ-
ment Science, 2014, 35(2) ; 585-591 (in Chinese)

(7] B, PRk, RBESE, % 4 FORA MY LEE A T

MM PR 35 T AR R FE T B MO BB R R,
2012, 32(12) : 46-50

Hao Jun, Chen Yonghua, Wu Xiaofu, et al. Study on in-
duced root of 4 woody plants with subsurface flow construc-
ted wetlands. Journal of Central South University of Forest-
ry and Technology, 2012, 32(12) ;: 46-50 (in Chinese)

B R BRI B R, KR K WA B i (5 4
W) . Abat: o E PR R, 2002

Rz, EE, EWRA. W HRERE AR B B g
YRR AR (L2200, 2000, 36(4) : 166-167
Wu Jianzhi, Ge Ying, Wang Xiaoyue. UV absorptiohpoto-

[8

[}

[9]

metric determination of total nitrogen in plant after K,S,0,
oxidation. PTCA (Part B: Chemical Analysis), 2000, 36
(4): 166-167(in Chinese)
[10] Bt H. 2HeRAIIHT (53 ). Jbat: dhE R b
AL, 2000 207-237
[UL] ¥R, AUk, LB 0. dbat: hER
b AL, 1986 91-109
[12] Maltais-Landry G., Chazarenc F., Comeau Y., et al.
Effects of artificial aeration, macrophyte species, and
loading rate on removal efficiency in constructed wetland
mesocosms treating fish farm wastewater. Journal of Envi-
ronmental Engineering and Science, 2007, 6 (4):
409-414
RMEME, e, BEA, . BRI N IR
KB ARCR . TR 2, 2014, 8(4) : 1405-1409
Guo Yeye, Yang Shuying, Huang Ying, et al. Effect of

[13]

intermittent aeration on performance of nitrogen removal in
domestic wastewater treatment by subsurface constructed
wetlands. Chinese Journal of Environmental Engineering,
2014, 8(4) : 1405-1409 (in Chinese)
[14] Brix H. Do macrophytes play a role in constructed treat-
ment wetlands?. Water Science and Technology, 1997,
35(5): 11-17
[15] Metcalf & Eddy. Wastewater Engineering: Treatment,
Disposal and Reuse. New Delhi; McGraw-Hill Compa-
nies. Inc, 2003 940-982
Scholz M. Wetland Systems to Control Urban Runoff. Am-
sterdam, The Netherlands: Elsevier, 2006

[16]
[17] De-Bashan L. E., Bashan Y. Recent advances in remo-
ving phosphorus from wastewater and its future use as fer-
tilizer (19972003 ). Water Research, 2004, 38 (19) .
4222-4246

BT, TZAL, Wifdm, S B0 A L5
Qe oy R R AR OS2 . PR R LR o 4, 2014, 8
(6): 2359-2364

Bai Shaoyuan, Ding Yanli, You Shaohong, et al. Effect of



%09

o 7 e 45 < B AN VR AT N T3l e AR A A ) 1 5 )

4205

[19]

[21]

[22]

[23]

(24]

aeration on hydraulic characteristics of horizontal subsur-
face flow constructed wetlands. Chinese Journal of Environ-
mental Engineering, 2014, 8(6) : 2359-2364 (in Chinese)
Fan Liwei, Hai Reti, Wang Wenxing, et al. Application
of computational fluid dynamic to model the hydraulic per-
formance of subsurface flow wetland. Journal of Environ-
mental Sciences, 2008, 20(12) ; 1415-1422

Jackson M. B. Ethylene-promoted elongation: An adapta-
tion to submergence stress. Annals of Botany, 2008, 101
(2):229-248

Rzewuski G. , Sauter M. Ethylene biosynthesis and signa-
ling in rice. Plant Science, 2008, 175(1-2) . 32-42
VAR, e, A, G RSO AR TR
T AR W 5 R B I R . RO BR IR R e A
2008, 27(1): 318-322

Tang Xiangiang, Li Jinzhong, Li Xueju, et al. Effect of
intermittent aeration on nitrogen and phosphorus removal
in constructed wetlands with bilofilm carrier as substrate.
Journal of Agro-Environment Science, 2008, 27 (1)
318-322(in Chinese)

PREEFN, BRIT, XU@EuL, &5, W@ Wi A IR AR R 4
Wik B3 5 1. AR, 2007, 27(2) : 668-673
Chen Zhanghe, Chen Fang, Liu Xucheng, et al. Root
growth of wetland plants with different root types. Acta
Ecologica Sinica, 2007, 27(2) : 668-673 (in Chinese)
Colmer T. D., Cox M. C. H., Voesenek. L. A. C. ]J.
Root aeration in rice ( Oryza sativa ) ; Evaluation of oxy-

gen, carbon dioxide, and ethylene as possible regulators

—
[\
(o]

[

[27]

[28]

[29]

of root acclimatizations. New Phytologist, 2006, 170(4) .
767-778

PRk, RIEIE, MR, % 4 FhoRA Y 7EE A T
MM IR T RGE N 5 RS HOR. RS, 2014,
34(4):916-924

Chen Yonghua, Wu Xiaofu, Hao Jun, et al. The adapta-
bility and decontamination effect of four kinds of woody
plants in constructed wetland environment. Acta Ecologica
Sinica, 2014, 34(4): 916-924(in Chinese)

JE, e, R, . R E TR KA
HAL B EABORDI L. ALk FL4%, 2008, 12(1)
4243

Zhou Jianchang, Zhou Liyan, Xing Hai, et al. Study of
purification and beautification effect of terrestrial plant on
eutrophic water. Journal of Hebei Agricultural Sciences,

2008, 12(1) : 42-43(in Chinese)

Vymazal J. The use of sub-surface constructed wetlands
for wastewater treatment in the Czech Republic: 10 years
experience. Ecological Engineering, 2002, 18 (5):
633-646

Kuschk P., WinBner A. , Kappelmeyer U. , et al. Annu-

al cycle of nitrogen removal by a pilot-scale subsurface
horizontal flow in a constructed wetland under moderate
climate. Water Research, 2003, 37(17) . 4236-4242

Behrends L. L., Houke L. , Bailey E. , et al. Reciproca-
ting constructed wetlands for treating industrial, municipal
and agricultural wastewater. Water Science and Technolo-

gy, 2001, 44(11-12) ; 399-405





