%395 #1144 E 4 K HE K Vol. 39 No. 11
2023 4 6 A CHINA WATER & WASTEWATER Jun. 2023

DOI:10. 19853/j. zgjsps. 1000-4602. 2023. 11. 012

SN EKEEGEIN DREN R e EEHA
ZF o', AWM, K OFH, f£XR', ¥ &', & #&'

(1. TRKRF ZERAESHKERFHRETEERE, TR 400045; 2. Kiodpm A x]& i+
BERA RN, #dk &L 430010)

W OE:. ASIAFTRT BEKRALBRIRELIZEAR T A G BLRAR 2 otk B it
AR 17 2R, My AL 100 m/d 69 A TR AR A TR0 AT RM-REMRSHIFTRE
KRB ERFEPIRARL, F KT E KR AT RABLRRBEZ G Y w, EREA . BE K
N RATAT R G BLR AR B, MR AR AR R B F . EIRE A (2024) CBEH ISV,
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Performance of Two-stage Constructed Wetland for Advanced Nitrogen and
Phosphorus Removal from Wastewater Treatment Plant Effluent
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Abstract: In view of the shortage of carbon sources for denitrification and low phosphorus removal
efficiency of constructed wetland for advanced treatment of effluent from the existing wastewater treatment
plants, this paper established a pilot system with scale of 100 m*/d consisting of first-stage constructed
wetland coupled with electrolysis and second-stage constructed wetland coupled with microalgae packing
with lightweight media for advanced phosphorus and nitrogen removal from wastewater treatment plant,
and investigated the effects of voltage and hydraulic load on phosphorus and nitrogen removal efficiency of
the system. Voltage and hydraulic load had significant effects on the nitrogen removal efficiency of the

system, but had no significant effects on the phosphorus removal efficiency. When the temperature,

voltage, hydraulic load and BODJ/TN ratio were (20+4) °C, 15 V, 0.35 m’/(m’-d) and 0.3-0.4,
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respectively, the NH,'-N, TN and PO,”-P in effluent were 0.93 mg/L,, 1.50 mg/l. and 0.04 mg/L,
respectively, and their removal rates were 65.17%, 87.91% and 93.65%, respectively, which met the class
IV limit specified in surface water quality standard. Among them, the removal rates of NH,'~N, TN and
PO,/ —P in the first-stage constructed wetland were 25.47%, 63.17% and 79.37%, respectively, while
those in the second-stage constructed wetland were 39.70%, 24.74% and 14.28%, respectively. The

first-stage constructed wetland coupled with electrolytic system played a major role in nitrogen and
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phosphorus  removal, and the dominant

denitrifying  functional

bacteria were Arenimonas,

Hyphomicrobium, Rivibacter, Hydrogenophaga and Thauera.

constructed wetland;

Key words:

phosphorus removal; electrolysis; microalgae
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Fig.1 Schematics of two-stage constructed wetland
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1.3.2  JBAEBRWERLHE S A R 2R W58 7 vk

1By BB B R K T AR A G RN TR M
A BRBERLBE I RE M . A BE 1 AR IR S (20+4) °C
HLE N 10 V(—20) KI5 R 0. 70 m*/ (m*-d) 1)
KM IBAT BB 2 7RI B R (2044) C HLEH 15
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Fig.2 Daily change of nitrogen and phosphorus during
two-stage constructed wetland start-up period
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SATINR TE IS ST, s U8 3 A o i s, 1
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Hodp ) — 2 f — g0 A T {8 %) NH,-N \NO, =N, TN
A9 23R 5 5 26. 16% .68. 30% . 58. 77% F
33.26%.25.27%.27. 25%. kK25 R L, —H A
TR HIX NO, =N ZBR A P30, — A TR
- H R A R G0 0T LUJE BRI 1Y ORP, R S filf £k
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GEFYIR S R0 E VR T K TR A
SN FE

mE2() 5, AT TR EET)E,
TGN TR B K PO,-P S H e 2 (0. 08+
0.01) mg/L, B KRRk 5 88. 59%, Hop, —Z A
T B G B S BR  43 FH 6 79, 87% , N TR
MW 2 BR B RN 8. 72% ., ek EisfT B,
— N TN - FL AR R R G0 K R ST vk
(9. 89+0. 54) mg/L, 8k FHAR HL 5 L0 %) I 26 25 - K¢
LA A= Wy nT 38 o U0 T R B R, B KB 1 TR
R B AR E AR R, R G [ 0 i i
Wewsk T A B A K, DT 1Y) 25 B o
2.2 MmN mERER
2.2.1  HLERT—Z T I0 M~ R A 22 G0 R0 50

F X — 20N T 0 L — FL A B 2R G 0 R B
RLRE R L35 1.
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Tab.1 Nitrogen and phosphorus removal performance of two-stage constructed wetland during different stages
5H k(g 1) *ﬁﬁﬂgm/:ﬂﬁﬁgm/ *ﬁ@m :ﬂ@% TR
(mg-L™") (mg-L™") FBREI% EBRR %
NH,-N 2.58+0.55 1.95+0.50 1.25+0.30 24.42 27.13 51.55
NO, -N 0.06+0.03 0.41+0.13 0.15+0.05 — — —
B 1 NO,-N 9.03£1.10 4.57+1.20 2.57+0.80 49.39 22.15 71.54
TN 11.70+1.10 6.26+0.80 3.97+0.70 46.50 19.57 66.07
PO, P 0.62+0.23 0.14+0.10 0.04+0.03 77.42 16.13 93.55
NH,-N 2.45+0.60 2.00+0.40 1.32+0.20 18.37 27.75 46.12
NO, -N 0.12+0.04 0.51+0.05 0.21+0.12 — — —
) NO,-N 9.35+1.30 3.75+0.80 1.67+0.60 59.89 22.24 82.14
TN 11.92+0.90 5.48+0.80 3.20+0.71 54.03 19.12 73.15
PO, P 0.60+0.25 0.12+0.07 0.05+0.02 80.00 11.67 91.67
NH,-N 2.67+0.50 1.99+0.50 0.93+0.30 25.47 39.70 65.17
NO, -N 0.12+0.06 0.48+0.15 0.09+0.05 — — —
K] NO,-N 9.62+0.80 2.82+0.50 0.48+0.30 70.69 24.32 95.01
TN 12.41+1.20 4.57+0.60 1.50+0.50 63.17 24.74 87.91
PO, P 0.63+0.23 0.13+0.10 0.04+0.03 79.37 14.28 93.65

H 1R, BE A F R, — RN TR -
AN G RGN AR e = . AR 10 V3N
215 VEF, N T - iR & R 40 oK
NO,=N. TN [ V- ¥ ¥ & 43 %l M\ (4.57+1.20) .
(6.26+0. 80) mg/L [# % (3. 75+0. 80) . (5. 48+0. 80)

mg/L,NO, =N TN [ 2B #8453 5 D\ 49. 39% .46. 50%
8 E 59.89% . 54.03%, 43 W #2710, 50%
7.53% A R G X R A ) L BRF M 24. 2% FEE 2
18.37%. ST hy, 388 0 B HoA ) 4 s R G0 il
DA EPRAARE . ME B ETmE, B,
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4% 7] 7= A 22 () U, PHAR 1T R R T 2 A I Ak
B, TR 3% RO A 3R I B 22 10 i it 44, 5
BT A FE AR s e Ah, 3K AT AT fin s
L AL R R PR A A PE - o B BT, —
N T b X 2 R 2 B R R AT, 3K 2 181 Ay i fe
AR S A AR o R H e
FFHENEANZ .

B 1R AT, i R A 10 VSN2 15 VT,
— N T b - RS A R G K PO P YR B
M (0. 14£0. 10) mg/L FEAK 4 (0. 1240. 07) mg/L, £
B 77. 429% £ 75 % 80. 00% ; [A] I, 24y, JE K 10
15 VI, RS0 K BVERE B0 5301 o0 (4. 39+
1.02) . (6.80+1.52) mg/L, Bl RN, RGN
Fe/P 34K, T i v BE AV PRy L PR g AR 4 41t
T Z S AR, TR & T R G 1 2 B

IR EE R, M R 10 VIS I 15 V i,
SEHJHLTN 0. 23 A HEE E 0. 28 A, H /K FEHL A
0.06 kW-h/m 42 5 2 0. 10 kW -h/m’., H3 JE TF /& 45
S RETHFE RN A B A B UL, RN PR S
PR
2.2.2 Ky tdarxt B A RN T8 Hh AL RE 1 52

IR 3 AR X B2 N T T b e R I s K i Y
S DL 1, WIRN, K g B g R A2 BN T i
RELRESZ M 35 o 7K I 647 B 0. 70 m*/(m?- d)
2 0.35 m¥/(m*-d) B, Z AR TR HXT NH,-N |
NO, =N TN [ & 2 B #8535l DA 46. 12% . 82. 14% .
73.15% 42 75 2 65.17%.95. 01% . 87. 91%, 43 | #&
T 19.05%.12. 87% . 14. 76% 7K 1 17 fif B A% A
MFROIN T N TR K 45 B B Ta], 8 T4 v
ARG AR

2% 1 AT, 7K 7 6 e 0 &2 A 78N T3 b i i
I LBRALRE AN 2 . 7K J) i 0. 70 mY/

(m?-d) FEME 2 0. 35 m¥/(m?-d) i, PO, —P {3 5 [
FIN91. 67% HE 5 % 93. 65% , (VI N 2% ; —H N T
A b Tl 2 R 11 25 B R AR AR | g N T b X
BEMRER 1Y LB RIS T8 . ATk, oK ) o g
70,70 m¥/(m*-d) B, — % AT Ml K s gk ik
FE 43514 (6. 801, 52) . (7. 52+0. 89) mg/L, — %% A\
TR b — L RS RG] DA S R S R T
T 2 B Eh K BRI 5 3K 5 K I i g B AR LK 45 7
R TR A ) T R B R I s AR E T T
T Hb SRR RE BT

RIS R R, Y HE N 15 V K ) B e
70.35 m*/(m*- )BT, 7K NH,'-N TN PO, P [
SERHE A3 50 0. 93 1. 50.,0. 04 mg/L, FEAS 15 2 4l
FORIABE i IV AR s REIWAER 5 0. 20 kW -
h/m? , bR AR A AR U 1 7 R T 3090~
50%.
2.3 EYTEE

KT R G E DR RS A 1 AR Ak, RS
15U A — N TR - i R Ge A 347 5 15 1
(OB HL b CRIRAHE) iRk i A W RE L B0
J&i T -40 CFARAF, 25 AW F13E4T 16S rRNA &
EEF X V3-V4A X k479738 F) FH Tumina -
G X PCR 7= 9y it 47 0 5, R Silva £ 88 P2 i 17
I3HT .

— RN TR H - FL RS G R TR W) 2 R
RO R 20 JERNTG IR M — BN T b — L f R
255 W RE S Y Coverage 18 5843 31 49 0. 991 073,
0. 986 089, Ut MR 25 AT TS TP i AE Py H
SO . AT EANE VR, A TR - iR A 5
GraE BT Ia R YIRE S Y Sobs L Ace Fll Chao 5 114
T, U GUE W RE T = & A TR s AR R
it F¥) Shannon 8 50T+ & | Simpson 78 50K, 106 B H:
T YIRS R T e

R2 WEMSEEREY
Tab.2 Microbial diversity index

i Sobs Shannon Simpson Ace Chao Coverage
R le 897 4.896 84 0.036 293 1 083.383 960 1 116.009 259 0.991 073
PRI Rz N 1163 5.385 86 0.012 569 1519.418 355 1 545.139 241 0.986 089

IR b B G P i 4t /) B AR 32 B2 4n 141 3
Frs o R I LA T EE A Chloroflexi
(56.96%) . Actinobacteria (13.13%) . Proteobacteria
(10.86%) . Bacteroidetes (5.99%) . Acidobacteria

(5.36%) . Patescibacteria (2. 62%)%% . RGEFE B
FTZJE, —HN TR - RS & RG] £
% N Proteobacteria  (44.25%) Chloroflext
(22.19%) . Actinobacteria (10.77%) . Acidobacteria
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B RGP LB T TR RS AR AR K, AR =
FE KA T Ak . Hodr, Proteobacteria 1 R FA M X %
FERFHATTT, HHA G JeAH b, A X B
10. 86% 3§ I 2 44. 25% . A7 KHIFERY], VF 2 BAT
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Fig.3 Microbial community structure at phylum level
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Fig.4 Microbial community structure at genus level
H P 4T, FR e b B R AE AL D) RE Y 0 34 B
J& A Rivibacter (6.28%) . norank_Xanthobacteraceae

(3.73%) . unclassified_Burkholderiaceae (2.27%) .
Pseudorhodoplanes (1.40%) . Thauera (2.71%) .
Hydrogenophaga (1.56%) . Silanimonas (1.42%) |
Arenimonas (1.39%) . Hyphomicrobium (1.02%) 55 .
Hrp Hyphomicrobium Ry Bk B 2 Al AL R 8 5 Thauera
Hydrogenophaga J& T2 H 37 S AL T & ; 76N LR
Ho~HLAFFS S R GED , Arenimonas M) ELHER IR H
e 0 AT A AR A 3 SR 5 A AT i B i
SR EE . FIRGRER RGN EE T
ZFh SRR D RE B L Bk F R A AL R A SR
B AE A B 3% B AE A TR T B 22 i 2B A 1) P [
VERR 5280 T — N T b 1 v 205 L

PRGSO AL LA DI BE R B A unclassified_
Burkholderiaceae (0. 55%) . Hyphomicrobium (0. 45%) .
Pseudorhodoplanes (0. 93% ) %%, Thauera .Arenimonas .
Hydrogenophaga WA AT £ EE LT 0. 1%, 5 H:H
1GURAR L , — N TR - i R 5 RGeS A Ak
ThAE W w4 B T A AR R TR T B A
RULAE -

3 &

@  FEILEE A (30+3) C L HLE N 15V KT
1159 0. 70 m*/(m*-d) B Z&1FF , E AT TR iz
710 d Ji 3 58 3, A 48X NH, =N, NO, =N, TN,
PO =P [ - 3 25 B R 73 51 O 59. 42% . 93. 57%
86.02% .88. 59% -

CNNN VA O NI RITA i oR 2 e W &
MR N BRBEBEZ WA B . HHEMN 10V
BTN ZE 15 VE, RGN TN 19 R BRR M 66. 07% 2
273.15%.

@ Ky B far X A BN T b B AL e Y
ERTE PO 3 € A R N TE P AR PN
0. 70 m*/(m’+d)BEARZE 0. 35 m¥(m*-d) B}, E AN
TR TN A KRR R T 14. 76%, i %f PO, P
5 BRI R T 2%

@ N & R G AR 2R i
LTI RE W & , £ 2 AL 5 Rivibacter . Hyphomicrobium

Hydrogenophaga . Thauera \Arenimonas .
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