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Nitrogen removal mechanism of constructed wetland

LU ShaO-Yong"2 s JIN Xiang-Can' . YU Gang2 (1. Research Center of Lake Environment, Chinese Research Academy of Environment Sciences ,
State Environmental Protection Key Laboratory for Lake Pollution Control, Beijing 100012, China; 2. Department of Environmental Science and Engineering ,
Tsinghua University , Beijing 100084, China) . Acta Ecologica Sinica ,2006,26(8) : 2670 ~ 2677.

Abstract: Eutrophication of lakes and aquatic systems deteriorate the ecosystem and economy. The causes and controls of
eutrophication have attracted attentions worldwide, including China. Extensive research has been carried out on problems related to
eutrophication in China. Nitrogen is one of the major nutriments contributing to the eutrophication in aquatic environments. The
external nitrogen load (including point source and nonpoint source) is an important component of the total water-pollutant load.
The traditional wastewater treatment technology, which lacks in integrated collection systems, poses excessive investment costs on
the control of nonpoint pollution. The constructed wetland is an important technology to reduce the external nitrogen load,
especially from the nonpoint source. It is capable of effectively removing nitrogen and handling a high pollutant load; moreover, it
is friendly to eco-system and requires low investment costs. Thus the constructed wetland is especially fit for controlling the
eutrophication. Illustrating the nitrogen removal mechanisms in constructed wetland has an important meaning on the eutrophication

in aquatic systems. The nitrogen removal mechanism in the constructed wetland with a leak-proof layer consists of volatilization,
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ammonification, nitrification/denitrification, plant uptake, and matrix adsorption, is reviewed in this paper. In a constructed
wetland without a leak-proof layer, the nitrogen exchange with the surrounding environments has significant effects on the nitrogen
removal rate. Generally, nitrification/denitrification is the major nitrogen removal mechanism in constructed wetlands.
Volatilization is insignificant when the pH of the wastewater is less than 7.5. Volatilization is significant when the pH is higher
than 9.3. Nitrification/denitrification is the major nitrogen removal mechanism in constructed wetlands treating domestic
wastewater. Under low influent loads, suitable climate conditions, and appropriate plant species, the plant-harvest process maybe
the major nitrogen removal pathway. Well-managed artificial wetlands usually show a better nitrogen-removing efficiency than do
natural wetlands. Sound system designs (e.g., the medium configuration, the arrangement of helophytes, and the opitimization of
water distribution and collection) have a direct impact on the nitrogen removal in constructed wetlands. Reasonable operations and
maintenances, such as the effective control of the water level, the correct helophyte cultivation, and the sound helophyte harvest
can effectively improve the nitrogen removal in a constructed wetland.

Key words: eutrophication; constructed wetlands; nitrogen; removal mechanism; mono

ATB#RE 20 e 10 EREERBFHEAROBKAETEY i B8 R 2R A THER) £ K
AR ERKEHMYARESERZE_E LNMEDFTHABNESRER. ZRETEKEANREAELTF
BERES EKEKEEYHER D, W— &7 BRI HI5 K P15 978 B0 (i /KA ) R e 9 0 B )
ERTHERYY, hTHELGKOCHETZHL, ATBUKNGRYERENR W ohE AR . B%
R ERARFETRAUESRE, REERMERTZHE" ",

BAEREEKEYR G KB AGE T AT 4 R E R IE # (Free Water Surface Wetland / Surface Flow
Wetland, FWS) .38 it 18 # ( Subsurface Flow Wetland, SF)MIBE G R A (BES R A BN EERFAKFER E
g6)' Y, BAMEH AR AU A,

BESRBAEERBEA MR, AMBRENENEHRANE R R BHRAE, iEoERnEER
HEBEP A EEER, RARBEHUGEMATIH B E T RAREEEY ERBAEMEGESHA, A
ITEREHREZRE-DEEZNER  GAIBHPAEZRNEN ST HBHEMZIT BT ARRRERTN
ISR,

1 ATEMHMEERNE

BHRAAESEMUE LIRS KPR E, SENBEXECQREEY . WML % AL & 5 o E 1E

RO PERER L,
£1 EMbHmEpNEST

Table 1 Nitrogen removal mechanism of constructed wetland(*'7:

HLH Mechanism £ ¥ Remarks
B Y R E S ULNE, B R SHE L B ZBR AW AR /D Gravitional settling of solids, usually has

weak influence on nitrogen removal in the wetland
ERNEBHAPEL, pH HRZ B P EEE LA EZE R K Volatilisation of NH; from wetland,

pH is an important factor of volatilisation of NHj

ERRHHER ZYGE S, R PREBRHRIPE R E KT Adsorption of ammonia usually be

P F Physical UTUH Sedimentation

$E & Volatilisation

#6%¥ Chemical B Adsorption quick and reversible, thus is not the long-term and significant removal pathways in the wetland

A4 Biological MEMHIER AW/ R, B P EA/RBHEERBERREE Amination and nitrification, /
Bacterial metabolism denitrification, usually be significant nitrogen removal pathway in wetland
YU Plant BHEHEGHTHDERMWE RS EF Will be significant nitrogen removal pathway in wetland usder
metablism feasible condition

EBERARGE T, R BHNARKENEALRE, B PHRERNBREER AL ML/ /RHE
o PRI FERH . SRR, B P EE L RVIERMUE YR/ LT . ZE Santee'”
MRET , HERMEERESREREBEN 60% ~86%

BHFRNESHEAERRLE 1, REBBHOTES BB RANFAEKENCHE, BIE 1 RO,
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Fig.1 Nitrogen form transformation pathways in constructed wetland for wastewater treatment
ONH; ¥ % NH; volatilisation, @ # 4L Nitrification, @ S W§ 4L Denitrification, @ 18 47 . 3 ¥ M 5% £ 49 R YX Biological Uptake, ® | 4t Ammonification,
© 8% £ B 4L Dissimilatory Nitrate Reduction to Ammonium, @ [& % Nitrogen Fixation, ® 8 F 38 #t lonic Exchange, ® % i} Adsorption, @ 5 /& /) 7k {&
3 Exchange with Surrounding Waters , QDR 7K #F A B & Nitrogen in the precipitation

1.1 HEX

BEREVASR, KFHEREBTErER" .

NH, (aq) + H,0 — NH; + OH" (1)

BE T EMTRY P N, #X M pH EHEVIAEX: (1) pH=9.3,NH, M1 NH, WHLHIHX 1:1, HIERE
E;(2)pH=7.5~8.0, EERARE;(3) pH< 7.5, EFERT A, B PEL FARKEYMITKEY B
AERESB pHERAE. KEFEREBEHMAXPITUZBEELEA BEARREFRHN pH H— B AET
8.0!21

KIERB/KPH pH H . NH, HRE BE RE  KERH KEETMHE REMFEEURRSEK pHEH
ThEZHEERGARE. AINEFAHEFRBEEYNERER EELEEEENRERERD,
1.2 &k

KUFTRBEVNEHEACANTHRCLER NE, -N), AERF TR, WK ErT S EERIK, BH
PEAERESERE pHE . REWEERH OUNL ZREPTHERY UL T EAORMEEHME X, BEARS
10C, B EERB 115, BB RFEpHMEN6.5~8.5, MK EFHTErhiERHE pH H4 TG E; H
KREFE AT I BFHERENHEN I WAERSFR pHERK. A TEAAHEAEESE . BERES
B HEEUBE 17 X NH,-N B9 £ BR B B k20
1.3 b/ RBHAL

WAHEE FAYEANHERR  REHAHAAFEFEMEYEIRANIER(TRE 1-2)RERH, iR
WEKR MK FEE, BEEAEREERRYELIERBER, FABARS R SR ABRE"

NH; + 1.50, — NO; + 2H' + H,0
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NO; + 0.50, — NO;
NH; + 20, > NO; + 2H' + H,0 (2)

F—2  RALRE R E SRS UM F )W NH, S48 NO; , o3 B /E , A SHIKE T, 7 fE 242.8
~351.7k}/mol, WHEALE T FI F 5% ~ 14% . EXENWHEHE: WAM L EPIPHOEHELREAR (N.
europaea) VA B 1+ SE P B9 W w516 38 & /B (N. briensis ) . Nitrosovibrio J& (N . tenuis) M WL EEE (N.
multiformis ) . WASACBE IS EAL N TR AT RBERN : #(NH, )~ K (NH,0OH) > Bt & (NOH) —~ i &
¥ (NO, - NH,OH)— .5 B4R (NO; ), H % NOH #1 NO, -NH,OH A BZW P ELEGY, —ES 5 RN TE,

B HHFMEAREINEFRAEH NO, E4H NO; . ZIB=6, EEBKET, ™6 64.5 ~
87.5kJ/mol , WREALBEFT R 5% ~ 10% . BRI, X AELREUBENO N ERIFERE., £1LEM
WAk REH—h TR E L, BRI ¥ B )& ( Winogradskyi ) , TEM K P R A WAL R E . WAL, TR
BMRECAFTEZ AR EHBEUTHRBEAMKENI R EEEXTEFETER, X 5EELAHER
[51[243.6.14~ 19] o

AR E LR AE SRR, KK MHFIRER, FTEAN NO, WEFAFTEAD
NH, BHEMG BRHESAGT ALBHBAZF AL E NO, .

WAL ZREE pH M VAMBERE OKBE IVBRRE A EE WEERE THEKRE . E2R .4
FBHIAMBKALLERF 0, ARIFEPRREMLRE R 25 ~35C(HREFHFB)M 30 ~40C(LE), LM
HRERMMUAHENRERAERBE NS M4C, HUENBREpHERHN7.0~8.6, 245 It pH ETE
B HE BEA g RNV 4.37¢ M 7. 14g BWE (L CaCO, i), WL B PIRmEWKEE
HIE T 2mg/L> 0

BTN E - ANRBRYNE L =ENERN 4~ 5 F, ERREBHRANGEE, T84
NO;, WEWMALHAHY FRHREMAN NH, M4~S15, BRARSZG T ALBBMAZEP AL THKREHN
MR, BREHTEERT ISCHBERNE—FZRHBME, B EMRBRET (12~ 4C)EHRTEHE
RBLRD e

RIEARIEEFEREBREREWRERN, BNHFHFRHEDHEHREEEN > FH. REEUREL
WETRIBIELD)ARLETFZE, B TFABEFHRE(FEIENALEGY) TN BRAREEBIELE
FERK N, SR BEHEBET ATP P, S AE PR AT . RN LT R B H6RE :

6(CH,0) + 4NO; — 6CO, + 2N, + 6H,0 (3)

ARBAT S, REFNERAAETRESBREZMSF(E, = +350~ +100mV) FRAE , AREERNE

TR, WAL FRARSFIERERAER S0 th ] & A REBRRE R,

R RFRSRMEATE R .
4(CH,0) + 4NO; — 4HCO; + 2N,0 + 2H,0 (4)
5(CH,0) + 4NO; — H,CO, + 4HCO; + 2N, + 2H,0 (5)

RASCE ARMEE , S AL FERFRE ., B0 RN RN RS RER, I LUE YL i T 4 4 o 40 B 4
KEBB, T WP REENRHLES FHEATE B (Bacillus ) . 3 3R B ( Micrococcus ) 1 B % i 5 J&
( Pseudomonas ) ; /K P B HE N R E B R 5 M & & ( Pseudomonas ) S, 5. M B J& ( Aerobacter ) 1YL B ( Vibrio) »
HERECEE T E R (Achromobacter ) 'S KT B J& ( Aerobacter ) . 7= WK B J& ( Alcaligenes ) . Azospirillum %8 FF
B ( Brevibacterium) B J& ( Flavobactrium ) | Spillum 8 J& 1 B J& ( Proteus ) F 8RB ( Thiobacillus ) . S 77 #E &
S XA YR BOKIL S WEA R CO, Bl H,0. RIEWEEFEMFR (B T %N 0,) MR AR (BT
ZHARONTRANE THEBRRGEMHE, XRAREFEMRENYEER, REFEE, B X FHREKHEF
(EALIE IR AL 292 300mV ) i B IS R 4L S L BE AT S R AS 5 LR Sk B g A gt
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—RRAN B ERAR B N S S R A Y g B o
2NO; — 2NO, — 2NO — N,0 — N\, (6)
P AR REROBEERE SheFa B E BE pH A XA E . L IEER" FH
MRMAE L KE, REAFTFZEN N0 BERRFRBEAANEURSEKM N, M1 N,O WHF, &KL FZ
FRE pPHEBEMEBERETHERRSE AW LA M E W, 1K pH AT, REAME 52 WH, pH <
4.0, REELNONE; pH>6.08, SEELN, FE, KREHFRBESIE NOSME £BRAERE, Hit A
T KA TN T 08 3 49 + 38 pH ERLAME T 6,077
M ER NG R IR, AL 4o IRt A s, BR AT AT A EP IR X nT AT LA R B A E 0
Wi=eE L MR HITHEEFR, KB BREpHER 7~8, RHATEBEMS R pHEFAF, BEL
aX RMAFRIE W, ERERT sSCH MAEERE, EBMPAIEEd TRORAE VLYK X EER TN
J& Y BB YR AN R, R R 52 WS b A FH G S AT, BT 5 R 08 0 Bk R SR AR R M TR0
BN EEK LR EXMREX [F oA 7E, LR A ALV FITE B /K £ 5 P ol 5] B 8 R, 75X 8 X 3
KA R BRI & 3R
24NO; + 480, — 24NO; + 24H,0 + 48H"
24NO; + 5C,H,,0, + 24H* — 12N, + 30CO, + 42H,0
24NH; + 5C,H,0, + 480, — 12N, + 30CO, + 66H,0 + 24H" (7)
AT SCAT R R EE X &AL A B E W, N E RS XML SR SRR ERE, R
PREEGHREE, EAEFHMBAREMELSHEMIBCEREEREALRE, B KEENENEE
FEBRERZ —, LBHEVHRBEA(NO, -N)EE R 2 ~ 14mg- L' 5, A T8 o A9 5RE L 28 200 ~
5000mgN*m~*-d™', W RARWIA W O L R THEA T & 1 ~2 MES; B ERAN R E R0+, iR
W RS AL B B M — B3 12 A TR E R KRR R MM MRk, EREANRHRSET,H
RS S B IE YR ) AR SR AL R R fag o1
1.4 HPHEMW
HOBRERHWAETITERESAMMSE CEFE B/ TFEER W NREMERRS., "ENEH
Xf NO; -N )R HE R H244 0.5 g/(m®-a) F1 3.3 g/(mz'a)[mmw o
HMYBRBREAMEEREZHSERENEYHAPRIRENRY . EMFERETHPEALRRENE
KAYBRHERE), BHREATESBWEYEEPEERERR ARESERMANEHA~RAENEDE
HEEML SR MY
HANSEENHENBASEMERRAHET T REF R, IRRUBHEAYHAWERENEFEZME
YIRS R RAKR GHOKIREMER RO,
R2HANFHEYMEA R (B RETRE LR E)> >,
Vymazal * W HERATF - RAEMATEBRE(EHEEKEYHNEHES) P, BREEYFEXR
WEFRYELSHKAFHEAAEE  BERG THEAYREBRNERSALZREEN 10% ~16%, AT
BELAEGEL AR, REBYMERYENLRITRAFEENIEA, MR L0, ZREEE #

KA ERZ W, HYRHEROEE SBE LR £2 FEEWAEEREO-2

SEMEEASEHEKEEN 3% ~71% ., 1 Koottatep Table 2 Nitrogen assimilation of various helophytes [*+% ~ -

HEPRE T 4 Ml AR T (2.4.8 AR 12 AgHE 1 ikatn BR R keh/ (b’ -a)
Helophyte type Nitrogen assimilation ammount

TOMEBALBHPHMEYREAENHIR, &R A (BT ) Floating

FHEEIRIREY 8 B A EEBR N 7.1 ~ 7.5kg/ plant (such as Hyacinth )

(hmz -d),ﬂy TN i&7K§Bg 66% ~71% ., XfRIiX 4 Fhilie ﬁlk*ﬁ% Submergent Helophyte 73 ~ 2737
. ULKAAY Emergent Helophyte 700

FIRREMREHR TN XBRBESHH 73%,78% ,86%

2000 ~ 6000
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M 80% o

g ER R YRR R R G B K B 9 E AR T B R 8 3K R SRR B
HKKRERMEYYH(EYEAHEDERYSER)SHEK,

AL TES  EHPR B FIHEY) B R & 2B HE Y 7R (K 7E 18 3t b A 88— BRaT 8], 25 R, Rk o
HEBX, RESHELBHRT 5% A(UENLEANEROER) MBS BB KKER; A, BRIEERGE
HEMTREHRE, RES R IREARERE. AHEENKRIAR FRAANIEBREEY,
1.5 Skt

ERSERREMBHREMBINROEERLL., BN REERMEN BN T FTXEARTEEIEES
BRKBL, EFANEARMERETLEN, BARATHERBEIHEAMBL, RRSaEFHE
SERBE U EEERAETRENE A S SHERTPHEERETE, RFAKUERELSEREAT
WM ERAXBHNER, HARMEOERERNBEN B ST FE, Freundlich 7 8 7] F T MK B &Y% Mg 8,
MABOHWERRNBRNFEANRENER REHEKOATERLBEREHITHR O, R XAnAGE
R R, MEFAEENTESAVIERMABRTESIERRERGTRHMEENHEL,

1.6 FHYWME

B AIE N — 2Rz Y B E MY T XY YRS B HRRE SN R FEY

BT REINE M SR ER O TRORERD,
2 ATBMEERNBEGNIN
HERAEME TR BHE KA T (55 J0E ) WA Em 4 E 3, b dkH

B HERR T EBRILEZY,
3 BHEBRSANETEERS"
Table 3 General situation and major nitrogen distribution of constructed wetland "

{2 4h | Wetland 1 {2 #b 2 Wetland 2 S H#2 South Wetland L8 # North Wetland
E# Area (m?) 6 6 2800 4200
77 3 ( Phragmites zfa(ﬂl: };ragﬂgelsa ( Zisania 79 3 ( Phragmites 79 3 ( Phragmites
TH Y2 B Helophyte type austrails ), 3F B ( Zizania TS asustrails ), #E BL ( Zizania  austrails ), 3 B ( Zizania
i
] caduciflora) , ¥# # ( Lemna . ;
caduciflora) minor L. ) caduciflora) caduciflora)
ik Impermeable 2 Yes £ Yes & No & No
{8 45,26 B Wetland type W H Sub- surface flow FKME M Surface flow FE M Surface flow EEH Surface flow
#EIK A HF Inlet load 28.1 28.1 5.31 2.89

(kg/(hm®-a))
18] Period 2001-03 ~ 2001-07 2003-01 ~ 2003-12
TAWEIRE, 12 AREIFSEFEE Ziania caduciflora at

1 i S {
W Harvest period # 120 Rl # A days 120 55 120 KR Ac days 120 July, Phragmites austrails and Zizania caduciflora at December
1
AR 19.1 23.5 18 32
Helophyte harvest
7K HE B Discharge 39.4 38.8 44 44
W46/ R 4L Nitrification/ aLs 377 38 ”

Denitrification

RW eSS Adsorption,

sedimentation and compexation

* BPRHL/RELTYAETHYRESENBH AL SABE KOXRBAMKFHANE BT EBF pH<8.0, ZENE LB

Nitrification/Denitrification including the nitrogen content in the relict of harvested helophyte, the exchange amount of wetland with suurrounding water and the

nitrogen in the precipitation ; These wetlands have pH value lower than 8.0 during the operation period, thus the ammonia volatilisation amount is ignored here

© FALE. KREHEANAIRBSABERRTIBEIRHR. LE FERETRBES5TEE, 204
MAES. EEATERBOEEETSKRENRRT. LR FEREFERESTRR 2003
FHAR. RAFEREAEBERENSAEBIR. L. S E R K ¥ ,2003
FEME. BOBRBREARAREBRRARS IEAA. LR FEXETERESTER 204


http://www.cqvip.com

.0 0 0 http://www.cqvip.com|

2676 £ 8 ¥ #M 26 %

T 3 7K L 2 a2 O AR AL, 0 K L B0 I R R S 4 M R AL R
o maAbIR i 2 5 £ B BN O AUIE kK SR, EAR K (LY AE B 0K ) , AL M 47 1 49 SR A b 3388
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