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s RS A T BN LB RSOR S
fTiglee, EMERZE, BE 5B
CWARE Tolk K2 AT RESBe, IR KR 412007 )

W OE: AMEILSEARAALERR, B3ERE. SRAEXEREAFINRAESHANEREETF
B, MDA BRAFAEEATEEARAILE A TATARER 60 cm, A4 3.5h, B4 ¥4 600 mL/min,
WA T RAZELEHEA 050, $4L1.0 h, EREEFEHT, FEMIHHBEAATZ%A DO, pHIEL, COD,
NH,-N, TN R E# %, FINFRELSEAAALRMAGWEITHRE, 2R AW, EREETEN
T, $Ke9 DO RERE S 7.89 mg/L, pHIEA 7.26, COD., NH,-N #= TN 9 Kk £35£ 2] 7 90% A L;
NH, -N B AKRREX B THANKT EARM, TN BAREXD THAKI Eixf; BH AL CWI KT HEK
NH,-N. TN 2 COD ¥ X th 23R 2 5 T Qs BAWER A% CW] fo CW2, T, @i HARA,
ARl RIGIR A Ak AARAA T BT RRKBHPLEAZR, FALERRHESZERZL% A COD, NH,/-N
Fo TN Hih &

KBIFE: WIS ABRR; AAEAARAATERR; BAKER; B/

FESES: X52 MEARERE: A MXEMRS: 1673-9833(2020)03-0062-07

IR Ak, EHME, & R M ABRANT IS ELAATBLALRIR [J]. #Adh TR F
FI, 2020, 34(3): 62-68.

Study on the Denitrification Effect of Micro-Dynamic Aeration on Compound
Vertical Flow Constructed Wetland

FU Zhengrong, WANG Yaohui, YIN Qiang
( College of Civil Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: This paper aims to construct a composite vertical flow constructed wetland, with the optimal operation
conditions for the system operation to be obtained by single factor and multi-factor orthogonal experiments. Under
the optimal operation conditions (optimal operation condition of micro-dynamic aeration is that the aeration position
is 60 cm down flow wetland, with 3.5 h the aeration time, 600 mL / min the aeration amount, the aeration mode being
continuous aeration for 0.5 h and shutdown for 1.0 h.), an investigation has been made of the influence of the system
on DO, pH, COD, NH,-N, TN concentration in the system, as well as the operation effect of the composite vertical
flow constructed wetland system. The results show that under the optimal operating conditions, the DO concentration
of the effluent is 7.89 mg/L, the pH value 7.26, and the removal rates of COD, NH, -N and TN reaching more than
90%. The effluent concentration of NH, N meets class I standard of the surface water, and the effluent concentration

of TN meets class II standard of the surface water. The removal rates of NH, ~N, TN and COD in micro-polluted water
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by the wetland system CW1 are over 90%, significantly higher than that of the wetland system CW1 and CW2 in the
blank control group. Through micro-dynamic aeration, the denitrification effect of compound vertical flow constructed

wetlands on micro-polluted water sources can be significantly enhanced, with the removal rates of COD, NH, -N and

TN in the wetland system greatly improved.

Keywords: micro-dynamic aeration; integrated vertical-flow constructed wetland; denitrification effect; total

nitrogen
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K E MO E RS R MASEE, BRI
AR el it . WA AR BTiR H Sk i T5 K Ak
B AR HE L 0 KR F s gk M, N TR M
( constructed wetland, CW ) ZIARHLHI5 YK A2
HARZ —, Rl s Jas, dfbkd . o
HK . N TR A S AR R B2, H
BLAUL A SR A= AR 2, N TR e V5 KA B R
4t , e AT BUERER , 78 H SR TR & K A A
TE AR T KA PR SE . X P AE S RGN HARTBL
FETRRNH BT R B R, AT HSCH . (AR
FESEBRIZ TR AR, AR TR A I USOR 22 554K
K, EWIMEEHRR b TZ2ZHRA TERZ5.
Hrp, spfbiSitiaRZL, TR E—a AR
HNEHIE T AIE A e, A H e BTG Kk
T2 MG T2, WA el s O % 35 T JE k40
G, A R EEE, JEFT R R, BB
NGt/

N B s A it v, B O — A R A
Jitio TBEHMZE NI HIRZ, N s XUE
PULBE S, AR R R G ST A AR
ZAAE TR EN 1. A AR R R, 7R
F It s g, #fdi 7K TN ( total nitrogen,
VR FBRREAC, SR A A BRI AERCR
AFIFATLGEDE U WR I sh SR, AT L
TRUFFS S0 NH, -N (B ) ZBREe, IR Rl S fif
RN BIIE 21T, fHH K TN KBrRdt e 1
HAT, 2502 HrBek OB U 7 2 R CRE A,
FESE R TARN I Hpa] DR R FRAE R b AR . XU A H
EVEBESRREIR, AR 1 B Sl R = 5 )
LR, ZHARIRIE LS A S KA PR AR S 1A
MZ—o ARG AR E A TR, F2Tie
(CESIPAL SO =R I N N RLTS: ) N L
APl

1 SEI§

1.1 ERHEE

AR A E B EAE W Tk KA AR 308
KPR %, SCh A B FE AR AN R, o
KERYGE, KRG RGE, PR FAFEIR .
AR RS, Ll B HIAEE 1 s, 8%
A ELERE AR (K x 8 x &) 100 cm x
50 cm x 100 cm, MAF R 0.5 m®, M]E 5 FE 20 cm
W TADBER, BT, HK DB B e
JEHB, HI DN20 PVC &34 T /KIE, #5000 &
(7K B AR AR JHE S o EKAE 5 SOKAS T E R
SOKEETHRT P, BEERAK-I A A 24
SOKE, SOKE EHSRE ZA KL, LR 10
mm, ISR TR B K R E
AT RS B, AKIAREEE S M M ish =
AT RS, PR B BERH B R AT
e, Eain e, HEBBRRCHIKAL,
jE EE 0 m A R T R R o B AU RS
AR FE MR T B A, S e
GrESE AN BERAME BT E AR A SRR,
A DAAE K 7 AR ORI A0 7 S50 2k T DN40
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Iriilei b4 2 M, A EATEEARR R EFL, RS
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i =l Ll i ji 7K
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1 EWEBEFNEE (CWI1)
Fig. 1 Section drawing of test equipment (CW1 )



64 (71 N DR AN N S S 14

2020 4F

1.2 KKK
S HE K R AR YN T R SR 5 K A BT —HA TR
VO K LR K, KBGO AN 1 R, #
PATG KT K BT /K B T K A i v 2
bR, J&TRE K.
=1 ELIEHKIKBEXTEE

Table 1 Comparison of inlet water quality

COD/ NH,-N/ TN/ TP/ .
BOH (gL (mel”) (mgl) (mer?) PRI
ARAIREIE 40,0 2.0 2.0 0.4 6~9
V bRifE
SIS IK T 35~38 5.32~7.42 6.5~10.6 0.11~0.18 7.22~7.85
e
ek R H 36.4 6.54 8.6 0.14 7.56

e A A (chemical oxygen demand, COD ) , W ( total

phosphorus, TP) .

1.3 SERigit

SEOR IR E X R NAS 4L, 5SS XL,
HEm S 5N 2 s
#*2 TRASFAXMBAMIKKESEH
Table 2 Test parameters of the experimental group and
the blank control group

YRGS SRR RS MPRE BRE%
S CW1 EATEEN LKA Y 1. Y2 e s
KA CW2 EARER LG . 2 &
ZHA CW3 EETEER akilif o T

SO0 AT S AE AR T IR SR V5 K A B T — 3 TR
UG BOKAE I 2 e = BOK TR, SRR 1520
FWNH ARKAS IS . R . BEIR S D
B AR TE 7K R T R LKA AR R JEK A

YEFH 10~20 mm. 30~50 mm £1 2k 11147 1 S 35 5
WOk, gkl R m AR, REAZHAL
B, HFHAehsE, il A AR BRECRE 1 OKE 30~50
mm ZT K LA Y550 5l 3 S50 25 B ISR, S
40 cm, FHAE EITHEWE 10~20 mm 20 kIl f, EEY
40 em. RPKRSEEGREE A HMIZE, L2 R/INRiAR )
akilf, FIRA KRR kLA, P2akiha
BB — O 78 1 M R B AROE i A, e e b
JERMEAK AR 52 NEE R T

iz AR S0k, XA E . BT,
S TSR, LIRS

1) £ EATTETRE AT, HKA TN & Bk
R, {0 NH,-N RBRRE R AWt s Es )
AR AURT, TN 2R R BRER o FE AT IICT R R
HIK A NH,-NL TN BPRBI R S8 AT
MRS E A FATIEHL 60 cm Ab .

2) B AR BRSO TE], X KOK S AR A B

S Bl BRI IN, NH,-N LBRFEAWIE R,
TN LR ZTE 0.5~2.0 h Z#HE K, 7E 2.0~8.0 h &
W/ CRETEIE, B BT RS R 3.5 he

3) B kAR S X R K OK R AR AT B 5
M. Bl B SRR A3 N, NH, -N BR800 K5
/INEERGE, TN ZBR%EAE 200~600 mL/min Z#iH K,
600~1 200 mL/min Z &/ FAGT H B B B <k
>4 600 mL/min,

DL BRI R AE R, iz HIEAS S AT
MERGHIE, Wiz BB T 2T
PR E N R AT 60 cm 4L, BEHTIA] N 3.5 h,
g 600 mL/min, BRSO ESIBET 0.5 h,
FHEHL 1.0 he SRJE AR 15 20 i fEia 17 25 Ak idk
TR ATEERN TIRHIE T TR
14 KNAERFZE

S E R, HATE IR, B 3 d 3T
1 UCRAE, W KR K K BT, K BTHEhR
WIE 722 CORFEK I SBT3 ) 55 ORI
INAiNIES P i

AR BRI AR G ) TR R R bR . TR B
g 3 iR,

R3 KERUEFRHRIERR A

Table 3 Nutrient salt indicators and methods for

water quality testing

TEPRAAFR iy v L ER A TR
s it s ET3150B R L ) Re i fit &t .
COD AL ET1151 %I COD 5%
A
AN N RBIE e e A
FEREVE
) ) XFH-50CA B H1 #1X Jy 2895
e WP A ER A !
BATN 5}%;%2 K UV-1800 B2 48] L,

S

2 HRESR

2.1 MRFEAIGETE DO KERF N

DO ( dissolved oxygen ) X 356 14 5% i = 2 (A B
FESL B0 B AR B 1R R AR B T A AR R
BLT, WRRHGRE AR DO e AR L an &l 2 firos . P
BT B DO W Z=(E A 3 FiR,

T 2 R 3 AT, SEE0e BRI IE O
T, WoKE W, DO BT R, R,
WK, BRERVNETRRGE; SR ETER Rk
P, WK, DO Bk B Se K, R,
PR R

1) LR EZNRS)E, SIEBRIE SR DO
R A R T 5 mg/L, HEBURE &5 2 FUHURE 55 8
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Tl g i SO A T RN R RSO 65

#) DO W (& T 7 mg/L; WoKF A, (i
Hifd DO J ik B 3G R A =, DR DR R I B2
FENATHUGT, SOMSEZ I YL, IFRE T
K

2) XTEEPIRNETT 450 T /) DO MR 2548, AT LA
R EAEIZ LT TR DO Sl F 4 m T
2.52 mg/L, X3S0 R E N B A AR SR 3 T
MG, B RGAEZE R, N R AW
BRI/ B IR

3) BEAERAEBAT R, B 13, 7. 81
DO JF e B FLEURE 55, 4~6 19 DO Mk BE i, Fe W] HURE
AO1S30 70 8 IR B A BER, ST A AR
FRIRAy, AEFAFAAIX; THORE A 4~6 7525 B AT,
BRI, # DO J vk B AR

of 2 flkisd i 40t [ ] RIBUEBF
8F 7.54

~

.1

7i

5 8 9
W HURE

B2 AMESITHEGTEERRERN DO RERETH
Fig. 2 DO mass concentration changes along the sampling

points under two operating conditions
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Fig. 3 DO mass concentration difference comparison under
two operating conditions

22 MRFERNIETE pH ERNZIN

pH % 552 50 206 B 1) 5% M) 3 AR I X G2 P Y
S, R ZE AR W A A7 )38 B pH (BTSN,
FAL T pH AEIERIZ A, WIRUE A aniG sh &
S GHEOLAE T, SR BT I A fEis
TT 25 FIAR B SE O0 F WEARR BBORE 5 1) pHL (B AR fb 15 150
W 4 Fros. TEPFLESTTIE LT 9 pH (A 22 (E WK 5

/7N

8.0
2l O RS T4 5 RS R

.35

7.34

4 5 7 8 9
THREHURE AT

B4 BWMESITEGTERIREREN pH EEZH
Fig. 4 pH changes of sampling points along the path under

two operating conditions
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Fig. 5 pH value difference under the two operating conditions

HIPEl 4 NP 5 ] AR, SR e Unftia
Ty 2 A RORBE S B S (9 pH B LAFAE 22 57, (A2
DL

1) REEREOLT, pHAAERFIIME S 7.26. HUHE
ML 1~4 1) pH AR AR B, AT 6.92~7.63;
IR R 5~8 Y pH [EZZ LA K, ARAB T 7.04~7.35,
MR AT 2R ME T, pH EAFII(EN 7.08, HUE
A 5~8 19 pH (ALK, A2 AL 6.86~7.265
IBURE 3 1~4 1) pH EASAEAS K, ZEAVERTH 6.62~6.75,

2) Xf PR AT 254 T /Y pH (2810, KRBT
KT 1] pH B ALER, (H K ) pH (AR EAR DN,
R OX 7K pH (BRI

3) UL T A Y pH EAE T RIES
THOUT B AL, R R G N A
FBGsE, HASEAWTRR, R K A LR e
H A TRRYEITSE, EAHARRY pH (AR

4) BEAEBAT A IR pHAE BN T, H
WORE A1 Y pHELRRIR RO . BT It PR 2 B UTE T A7
PTG  o7 S Wa S¥<00 7 6= el O L =m0 )
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pH {HRZMIAK

23 XEEFRATLRM#A TN BEBRBR
AR HL RS TN B S 8 B e [ %) 22 Ak

Ml 6 Fron, 2510 R SR TN LBRZEBERT ] 1Y

AL AN 7 PR
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e
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TN (g + 17
s

14

—o—CWIHK; N\ A
[ —a— CW2HK
—v— CW3Hi7K
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Fig. 6 TN in and out mass concentration of

each wetland system over time
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Fig. 7 TN removal rate of each wetland system over time

Hi &1 6 Hh il 2 T DAAS R, 40 3R 48 1y ik K
TN JFi & ¥ Ky 7.02~8.67 mg/L, V-3 TN By Jii & ¥
JEH 7.68 mg/L. &l Bt ZRGE s bER)S, TN
R SRR, s Yok & B RS CWI JE,
TN BRI 0.37 mg/L; 5 Gk Zid i R 5t
CW2 J5, TN [k iR 2.49 mg/L; 5 Yok &
B RS CW3 J5, TN ik E 4 6.20 mg/L.

MR 7 AT LA, WM R S CWIL X TN [ &
4%y 95.18%, Wi Hbh 45 CW2 X TN (1K) £ R 3N
67.58%, CW3 Xf TN 1 LBR%HN 19.27%. AT UL Hb
Y5 CWI M5 3K TN B9 EBRBCR . 7EA TR
R Hb A R B SE R CW XK B TN 4 A 0 R
FF CW2 F1 CW3,
24 MEERBAILEHMA NH,-N HEBRIE

AR R G0 NH, N 32F H 7K 5 e 2 it 255 s )

AL 2 AnTE 8 FroR

10

—— K
3 —a— CW2IH K
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—v—CW3HiK

N,

VH;—VﬁE RS (mg + 1)
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Fig. 8 NH, -N in and out water mass concentration of each

wetland system over time

i1l 8 AT LIS AN, WRHb RS EK NH, -N i i
WIEH 6.21~6.78 mg/L, -3 NH, -N i & 6.49
mg/L. Zad 598 RS b E RS, NH-N
JE U R YRR, s oK & B R S CWI i,
NH, N A4 T B g 023 mg/L; 53K 4 i
245 CW2 J5, NH,-N 19T 2 W BE R 2.14 mg/L,
s YK 2 B 2 48 CW3 J5, NH,-N (1) 7 i
FEFE N 4.23 mg/L.,

R R GE ) NH, -N 22 bR Bl ] (428 £k il £&
e 9 Fis .

100
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Fig. 9 NH, -N removal rate of each wetland

system over time

F I 9 I, YR RS CWI ) NH,-N LBR%
H 96.46%, 10 HL R G CW2 1Y 2= %K 67.03 %,
CW3 [ NH, -N LFR% K 34.82%, AL, @i AR50
CWI1 X35 e /K NH, -N 19 £ BB SCOR St fEAN TR
4] 165 Ml Ah B BT CW X 7K B H NH, -N 4L
BOR T CW2 FIl CW3,
25 MEERAILEMAH COD., MEBRIR

W0 R GE Y CODy, 32 H 7K v B i B[] 1) 22 Ak
£k aniE 10 Fros.
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Fig. 10 COD¢, in and out water mass concentration of

each wetland system over time

H 10 g2 T A1, i RS PEK COD,
Jo H vk JE ol 33.86~37.50 mg/L, V-4 COD,, Jii i ¥
J¥°8 3571 mg/L, &4 R G0 ER S,
JKH COD, T e FE R A . Aoy ek 28 3k Wit dth 3R
45 CW1 Jii, COD, B HE N 2.09 mg/L; #i5 4L
KBRS CW2 Ji7, COD., ik 4 5.52
mg/L; 5 YK 2 1iH R 58 CW3 J&, CODy, 5
RN 29.20 mg/L.
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Fig. 11 COD, removal rate of each wetland system over time

M 1 ef s, JB MRS CWI Y COD,, £ BRR
H 94.15%, TRHLFRG CW2 (B 84.54%, CW3
) COD., ZEBEHR A 18.23%. X—LEHEHIBH RS
CW1 X594 7K COD,, W) EBRFCR AL, B4, T8
AR S AL PR T, CW1 XFK B H CODy, Yt
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RO O SRR 0.5 h, {541 1.0 he fEIIETT4E
T, 17K DO BTtk 24 7.89 mg/L, pHAE K 7.26,
COD. NH,-N I TN B EBRFEIEE T 90% LA
NH,"-N /KM EER 2 T HbF0K T2hriE, TN HKik
JEGR ) T M ZeoK 11 2hp ik, @t fsh <, 24
T E A TR A ZSCR B

1) BEAIEETTAMT, REE ENW DO i
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WA TE, BARSAEXKBEIEANTT, W
T L BN W AC R A4 / BRI

2) REESAEOT KB pHA(E K 7.26; 1
ST T K IF-34 pH {Eh 7.08, #H LLHT
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