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Abstract

As an ecological sewage treatment technology, constructed wetland has developed rapidly at
home and abroad due to its characteristics of low energy consumption, good treatment effect, low
operation cost and easy management. However, engineering practice has proved that the pheno-
menon of artificial wetland blockage is widely existed in most actual wetland systems, and has
become an important factor restricting the further improvement of pollutant treatment efficiency
and shortening of its operating life. Therefore, this paper by means of matrix in artificial aeration
way to suppress the artificial wetland blockage and pollutants removal efficiency under different
aeration intensity change, get the following results: artificial aeration in effective control of
blocking phenomenon at the same time, for the handling of major pollutants discharged into wa-
ter also plays a positive role in promoting the efficiency. Its removal effect on nitrogen is particu-

larly obvious, and the removal rate of NH;-N /TN in each aeration group reactor increased by
24%/31% (low aeration group), 107%/103% (medium aeration group) and 110%/99% (high

aeration group), respectively. However, the removal effect of COD and TP was not significant be-
cause of the restriction of their removal pathways.
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1. 5|18

1R H(Wetland):Z T LA H BUFE H S HAF 202 N, & ARG AE RS R G MOK AR RS
FHELIR R ALK 1] [2]0 HAMURRFRAA3E LA KA AR 22 B AR S B R SO B 2 e E 8 AR 2
TRy Th RE ) B B MR A A R G, W DR L8 K (0 2R S 4 RE A A A A P AR IR IR KR . il oek5 G 1A
WRME I REEATT BERMOCEMEER3]. BT, AR Q5K BRI E IR & B LKk
PIALERAR ) V2 SR N TR [4] [5], fEMH SRS K ARSI E hRe T I A OF 7 — 2 IR . =
B, NTIBgHEE T w I IR . 2 E RS (R4 B (USEPA) & 100 £ M N Tigth )5, KL
TEIBAT HAFJG, B — A A N TR AN AR B 3 2E 6] fErPE, TEALFEPR KR,
AN TR AR 28 I Fl% ZE IR [7] [8]

N TIRHAE R — P ARBTG5 KA B R, e B Y R 2 VAN FLB AT BCR 1 B o 2L 4R b
2o TEYERRG G ita e RIS U A SO 2, K ILBARIE AT ARy, AT R A
FERT I HE AT S B A% (0 FE R . ARSI R, Ikt DY ZE AN (R R SRR B (VR b R S Ik K rp 3
BV (EHE COD. NH;-N. TN K& TP)FESAGI S5 /b, WAk N TR RG075 49 LRk 15
W, M= AR R R f g AR, wf s AR AL IS E
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2. MN57E
2.1. KR

BTV E DY e LR TR S8 8% 12 N g2 AL SR, LR =N 09 m, B
70 0.5 mo FEIJEEN 6 em KIFRA T SV AARIR (dso = 15 mm) AKX, fEBRA EJ7 783 65 em R
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JETG 5 cmy 25 cm J¢ 45 cm AT EBCA 3 NP, R EEANIEIA RO SR B = AN O v B
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J 85 TP 441 7 A 89 50 R S B0 /K i A SEORHE SR T, /K VS T4 AR A7 T
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Figure 1. Unit vertical flow reactor
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2.1.1. RS RGHEE

W TR IR R AR R UL R SR AL T BEANR SRS SRR BEEN 10
cm, HEREEESIEALR, ISR, REFHILREN 0.5, ARFFRIEY, S4BE A TR
HUZEE, BEBS IR A R R WL 9] [10]. FTCATEASZIG f, MRS 284 i & T BE HORL R T 25 cm 1)
H o 2 U S ARl 5 O 1 B U B AR O ST RN A AN R R B (AR S
K H(Gas-water ratio) B FH R AE N B =M R IR IR . B CRRTEH, M50KHCh 6 i, A TS AR
AT BN TR M3 B B A Y5 Y L BR AR [10]. kDAL e v, BB IIANSKELBEEE: 0 CRIES
H), 2 (KBS, 6 (FEESA), 10 (FIESA), 2 iX AR MM, —EiEdaE, EHEYR
RIS E SR BE AR — R TP AT B [ AR Ak (et . R AR FAE (BRI 5%, AR N IR S e s i,
AR B 5 A Sk P 384 I R IR & F 452 1k, FOAR RSB FH B 5, FAR R BBl A L7 B BRI [ 11
DRl e AR S B0 e 4% T ) AT IR, BRI MR IR) 8 I F4G, B IE M 10 h, BRST7 R IMFRERS, ARG
40 min MRS 20 min, LA IR RRAE RO SE T P9 AR PIBETE S IR TR AS I AR
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2.1.2. MEEKER

TEARSEEGH, K ONBERR K. 7 ek K 5 10 2 08 K 55 S0 2% O A 2 B8 16 o e AR
e, BAERE A s 2 B AN IR . BN, SR, BER A AR . KRS
DI 1,

Table 1. Average concentration of major pollutants in simulated wastewater (mg/L)

F 1 BRI EZ SR FERE (ng/L)

COD N NH:-N TP

204.5+41.7 203+54 19.8+3.6 4.1+1.4

2.2. PHMBRGE

2.2.1. BWHES

DT R ZKRE 73 A ] SomL 0 2 1T 1 4% S 7 A I B fr) = AL BURE A Koty HUK CISRERL, BT E
FHF 5% 35 55 ek B KK A B S 3R (1
2.2.2. FKBRME T ERALEE

5%t SREE R ZKAE 0  EC  EEs  (K9 E (R44% COD, TN, TP, NH;-N, NO,-N, NO;-N)JllEJy
VEBIR I E AR g ) v . RV e E TiEN S 2.

Table 2. Method for determination of major pollutants

=2 EESENERE

SHTIE SIMTIT
COD PRI R ALV A 3 e e 1 1
NH;-N PR EVE
NO;-N N-(1-Z83%)- 2 b
NO;-N ARk
N PORTT AR I 275
TP BRI A

3. ER51
3.1. COD RYEBRHHR

N 2E COD R RAEEAN LI AN (2009.12 £ 2010.7)KIZAL G INE 2 fiac. ME 2 Al L&
H, @ —ANHREZ, &4 RPEK COD LBRZFAN T2 T VA 7 RiEmiET, Y&t 50%.
T X0} Bl [ By 0 4% 2H S 28 IR B, 76 S N A BIFR 12 AT Ja IR JE I P, S iR R AR % COD 1 2%
BRFURLARRR T AR BRI

XFEEFE 3 R rT DR B, A5 RS B AT AR BRI COD P LB F 3 T 10.6%
(KPR 28.4% (FIESAL) A1 30.7% (/<L) X i B MRS P bR iy, AL AR 2R ) L At S A
E FEE e S, BN SN A A AR LT G, s T Tl AR A S S D A R AR G
FFLER, MK COD WREMR B — Dl . R, S4BT COD LRI X T 21
WA 30%, B2 UK R 6 I, COD )25 B8 52 N L5 5 1R 38 9 AR A 2 A J 2 (Y 2.3%) .
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JF R KT R RS 1 IR SORT B g K R AT LD, AT DREF—3E 1) COD K BRER . AR U,
FE—EW LRGN R HIBEAR LT, BEEYIRT T 2R 48 A BV i S 1 75 SR AP AE B EL . 3K RN B8 E
THFTAN TSN COD %R A - T HUR A AT ER Y -
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Figure 2. Variation curve of COD removal rate in effluent of each reactor during the experiment

& 2. RIS HAIE) & K R B8 7k COD kR FEIT ik

Table 3. Average and peak COD removal rates (%)
% 3. COD P RIEEEIRE (%)

LR PN k| RS A RS A ERA A
RPN 73z 52.36 57.91 67.23 68.43
Wl PR 68..89 75.01 87.94 85.77

3.2. BMAUERHR

ARG R, X ALIRH R GO0 NH; -N 125 B B 7R B 289 B 7 1) NH, -N o 538 P 14 4341 43 31 L
K3, K 4.

K3 R, 5 AR AR 0 S B AS FURE, g AL v U2 B s S B A6 NH -N (1 28
PRSI d A —A AWM ENEIES 7T EERRT, W5 —BRE ST 40%MKF, S5 IkER, K
RS ZH SRR I NH; -N L BRBAEBA BT R AT R B — BEAE 10%~30%33), HEH & i
Th, HERBEANEI P G120 RE4A)A RIH B8RS X UHTER S BRARE T, BOVE FIF
AR 5 A A T ) B0, AR ST O HE AR (1 I 2 D e T e B I R L . AR s M AR R
W2 B A S ZH U B g TG R

M 4 FTRLRIL, ARBEAL R NH NP EBRFECH 30.13%, =24 B FR TR

DOI: 10.12677/aep.2019.95096 730 IS RI R


https://doi.org/10.12677/aep.2019.95096

A %

RS2 NH -N [P35 2 BR3CR 5 AR TE T 26.5% (RIS A1) 105.6% (I 4) [ 109.3% (g 4).
R AT DU H R A2 bR R AU 2B NH -N IR iy, MRS, NH; -N (1) R Bkl S

- R e OB A PR e mE

0 15 30 45 60 75 90 105 120 135 150 165 180 195 210 225
i) d

Figure 3. Variation curves of NH,-N removal rate in effluent of each reactor during the experiment

3. NI HAE) & & R 2R K NH, -N ERRET Lk

Table 4. Average and peak removal rates of NH;-N (%)
F 4. NH;-N EHRIEEERE%)

NS Nt <Al Sl il e AL
PR 30.13 38.12 61.97 63.06
WAl 2 4836 82.15 87.93 99.15

Il 4 T, AEORFE AL, NH-NIREERTRUR AL Hh e A EAR AT A, AR 3 57 TR IR EAR B
BEAR BRI IRE AR T 5% e A7, HARARN o B 1 A R IR EEA PR 2 — i, R R AL T2 1 =,
PRLEAR K AT RE NH -N 2 R B AR 2R WS R R, SR T M B vt ] LA B 68 i ) T = 5 NHG -N R 2%
BRI A IR B fe e, T ART DA RIREA) B AR R0 NG -N PRI IR HACART Bk g A1 P 2 A R o T 58 5
JZ, BLIEBANEM RS T B IR, TR MR AL AR IR A7, #iE U2 NH -N IR
NREMBBER] T M, EHKL, &R T NH, -N B REIKRE S5 REREWAAZETL )L, (AR & RN
H7K T NH -N sk B s B s ARBR AL (IR, R R BRI U B RS
SREZROHE N, NHy-N RS HIREWREZ LTt 534k, & RS0 NH -N % B 2 2 R S AU 7e
AR ), R R] Bhd it N TR SE N IR BT R AL T U SCIRES . AN A i A 41 B R I
PLZR R it 1R 4 T il SR 52, A L RE S A ROt E /K 1O KR NH -N Bl O IR % A R, X %)
FJ8 NH; -N & &1 H 1.
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Figure 4. Curves of NH;-N concentration in effluent of each reactor along bed depth
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Figure 5. NO,-N concentration curve along bed depth
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Figure 6. NO;-N concentration curve along bed depth
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AR RS LAE KA IR BE AR LT R4 3 00 N MR M 57 o [ B A7 78 35 AN AL A B SO A AL A B, TR TE N
T R G0 AR T B A AR B R AR FLE BT R, IX B2 NO;-N & NOj -N B A AHBL o =ik
SRR IR Z — o TR, FH RS A0 T R RS A 40 B 6 AR A7 2 PR R AN, T N T 5 3 e 7
M EAE ARt 2 AL, X NO,-N K& NO;-N B MUK R SR E A RNz —. #E 5
FE 6 AT DL H P AR 4H B NO -N T NO; =N e A3 256 1) 50 B A A g0 PS8 388 i e 81— s& 4
HIFER o XMHIE A EARBR AR R A R A R, 7R S R R SR B, P RE R
e R JBE R A RE AN K B R G TP (A AR R P T v, R B A A A R S R VA R T AR R, R
AL B BT 7 ZE B A A SR AR R 7, A LUR B LA B8 A RE AT 20 B f# NOL-N & NO;-N, &
L NO; -N Jz NO; -N [ H 7K i 529 5 R 15 o

F A K TN IREEARAC LIS 7 B B 7 mrn, BEARIE AN 25 OB 88 TN [ LBk 5
NH]-N FJ R Amdl. EAEZNL, 5 NH]-NREREAR, 8BS G SRR 4m
REE TN [ LFRRERE S T RESA, XAl TIEARMRERZ BT, REBESH PG E b
PRI e B S AR 1 52 B B A, A I R S P, A SRV B 52 B 5 e M 5 BUR I A A FH %2
BH,  JRHB 5 (1 28 32 M i 2 T8 I A AR R I R SOV P I DTk i), T ZEAR IR UG G0, A Ak B U R AT T ik
17, SRR, T3 — 05 8 B i 6 SR A T B

o RERRA KBS A R el

100

90

TN £ o

0 15 30 45 60 75 90 105120 135150 165 180 195 210 225
WE d

Figure 7. Variation curve of TN removal rate in effluent of each reactor during the experiment

B 7. &ERER[/HK TN ERFTLELZ

XFEEZE 5 BRI U B, RS R AE N TN 2B ReR Bmm A = g <4, KRR
IH 28.77%H) TN P Lk, MSHFER, SRSARMNART TN BRI A L5 33 T 33.23%
(PR 109.21% (HHBESA) MK 100.63% (FilE4). Sk b, AT TN (%R ME N T
AR FER TR . (2, SRR TN P L BR A L B R T R R T 8.58%, IX 1B N THRS,
S EE X TN 25 B (0 (2 3 P A7 7E BRME - [R5 R e S 28 mh P A T A UK & S 0 AR I e A el AT
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iod e AR R AE R A NH -N KR e AE o NOL -N K NO;-N (i[RI, e o B2 I U A Ab B AR 48 P O 7
SRR LR R, A S 200 R AS RE S e e i ) P A ST AR A, SR AL B T 5 2 AR i SR A SR B AR A
R T, BT AN A4 B AR LTI BE A% NOS-N J2 NO;-N, FE( NO; -N J& NO; -N [ Hi 7K i 5k
fi i, AT B 2% BEAR Y 7K TN B 25 B

Table 5. Average and peak TN removal rates (%)
2 5. TN P35 Jo WA 25 B 26(%)

PN RIS ICHE < WS i EUAH
S LB (%) 28.77 38.33 60.19 57.72
KL BRHE(%) 4528 68.91 83.30 74.72
3.3. TP BYERRHR

TR0 A [R] #5 B S A% H K TP IR FEARAE LI 8 FiT

o REESA = (KBRS 4 RS e iR
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Figure 8. Change curve of TP removal rate of effluent from each reactor during the experiment

Bl 8. XIHAE) & & R AR ik TP KRR

B 8 v, ERMAIBITHT 15 R, SRS —FFERER TR S TP ZREI ST 80%),
HEEE BT KRN TP (0 LTI, (B2, M 15 KE| 45 K TP 1255 2% R
. M 45 R2ZJG RSN TP LBRFEXAFERTE, JRALARRRIE 90% LA b, 1 AR BR S R AREES
AR RS TP R MR T BRI Eh o X — B R UL, A\ T M 1) 35 JoR ok 5o i Ak & W it
B SR VR R H 25k TP R ZRAR[12]. MAEXANEFE S, AR 4 & R BIR 1 E 1 E
SRR A B R, TEAFAERE R, Fe SRR A R E LB, BAEIRAKIE T, F ik A Fe',
BRSO [13] [14]0 BT LAV A SR P55 2 8 0o 3 2% RO PR FH B S5 ) — AR R o N R AU o 4k T e
SFUIRAS, XIS R AR 1) Fe S-AL A PIREFI/K AR s B T K B Fa B &9, IXEEFaE L&) 2wl Jk
JRASURL T AR, AT B RS K TP IR 5B
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1) BN N TR SAEA B b5 ZE R FI, A8 2 35 (R B T N T 6] 2 B Je 1 25 B e
AR, B SR ECIR IG5, SN 28 R B AR 4, I [5] — B 0 3 5 Y i) £ BRI B BT

2) FRANA TR BRI EZRBCR B, X T ARBESL, SR NH; -N LB
FOABRTE T 26.5% (IKHRSA). 105.6% (FHES) M 109.3% (RS, 1 TN 2 BRZ A x4 51
TFT 33.23% (RBRS4L) 109.21% (RS % 100.63% (FiR S 4).

3) FXTFRERM LR, AN TR 26 COD K& TP B EBRFCR IR H A . AT # &t
T2 5% COD MMM BIRIFAAEY) . Motk IR S PR AP 55 2 i AR W V& i {8 COD it i
PRV A S AR A BURK P A o 38 DU P T L 3 T O Ak a4 S 5 R R P IR B S AR P, i — )
AR 2L ) 5205 A SR B (R AR AL G AN AR

4) FEARFFRAM T, H50KHA 6 I, N TIRHLGHG 4P 8k 25 Bl s 2] 7 AR fk, H coD
T35 RN 67.23%, NH; -N P35 2558 61.97%, TN T3 LBRE N 60.19%, TP T3 LBRE N 94.97%.
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