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W OE NEXETR 28 B ATO+K i A T (horizontal flow constructed wetland, HFCWs) il 46 J& A’O+3E
WA T @ Hh (vertical flow constructed wetland, ' VFCWs) #1774, Ik T #E H 7K COD, NH,-N, TN, TP fISS, #F
Br T KR E T R AR E R BRI, HAEFSE T 2 R A L2 R AR A AR 3 95 K A BRI as AT R, &
FW]: A’O+VFCWs i1 K AR 8 IR AR % B 77 A"O+HFCWs; A’O+VFCWs [ 1 KK B fe 8 MEAE & 84, HER
B2, A’'O+VFCWs 44 T. 7% COD. NH-N, TN #l TP §YF 4 £ R, fELZFE N (82.0£18.5)%. (94.8+8.8)% .
(49.3+16.8)% F1 (50.9£16.8)%, TEE Z=H (72:5+13.2)%. (80.0+£16.9)% . (30.0£17.8)% HI (30.7+18.9)%, XIi5YL¥y =K
3B A A B0 & VFCWs, < i A’O+HECWs 20 & T. 25, % COD. NH,-N. TN il TP {14 £ R R L FE N
(59.3£21.4)% ., (79.1%19.9)% . (42.3+17.3)% Fil (25.0£10.2)%, TEH 7K (62.2+18.0)% . (58.1£30.8)%. (40.6£20.0)% Fil
(28.9£15.71)%, XI5 YL £ B /E A BT & A20, A’O+VFECWs i A%0 BAJT %) TN Ml TP fE 2 LR, 1
425 (20.7£16.3)% 1 (15.6£10.2)%, 15 B Z=H (20.4+11.9)% F1 (12.6£13.9)%, T A?0+HFCWs [ A20 BT X} TN il
TP W LB R, 7EAZE R (33.2416.3)% Ml (25.0£10.2)%, 1EE ZH (31.3+24.1)% I (21.9+17.4)%, 2 FH & T2
PR A’O HoG RBRACR AR B, eSS KR A LR, HHERDHE &, A’O+VFCWs [ A0 BT 4515 e
W25 B AW WAL T A’O+HFCWs, 28 5 (K2 G 204 FRUR /Iy OB i A 42 AN 8% . A°O+VECWs 1) VFCWs B I0 X
COD. NH-N. TN FI TP (Y3 EBR R, X TN (58.88254)% . (61.4£24.4)% . (22.7£8.5)% K1 (27.4£21.2)%, L
HFCWs 715t 16.0% . 36.9% . 1.3% F19.5%, TEHEZH (59.9425.0)% . (71.6+26.5)% . (38.3£32.8)% F1(39.2+£32.9)%,
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B AT TG K A B9 N DA i O 3, A 385 K i N T3 Hi (horizontal flow constructed wetland,
HFCWs) 13 B i A T.¥ Hb (vertical flow constructed wetland, VFCWs), %111 % 2% EH KR
RATHY CNTAR M5 KA P TR BOR MG ) (HI 2005—2010) . MG 32 208 H T35k ik
TREE AL B, HFCWs 5 VFCWs /K 1 B far @ B HUE 4 0.015~0.5 m*-(m*d)™" #1 0.2~0.8 m*(m*d) ' ; £ XF
LR AR BTKFEAB AR L b X2 0] 25 51 K A B0, S AR 3 B i 5 4R )

K= XN D% A K. BRI R G, B T ORI, RS AU
R, AR X A A 1 V5 K IR B 5 R A HE R A SR Ok R A, A B T2 A PR I el e A R A R
A sk gl N TR RGNS AR A AE Y A N TR A A T L. FEAEYAIE AN TIRIA S T
2, YA AR R BR A LIS YY) . BIR Y RN A SR 0 A, 3k SR A T B0S
IR A R BT/ A’O (anaerobic-anoxic-oxic) 1.2 V5 /KAWL, AT FEARE 26 N T8 b 550
MIHER M E, FEdE—20 RBRESE . Foe KK B R R A, s/ b ) b AU AR A T TS K Y
KA K T2 20 . BB RS2 AR A K, Rt 7K B 2R LU ARG s A R O S A A o T,
T4 R 25 A 3 APO N T b A Ak B A R A 3 T K g i Ak R R AT S IR W T IR P
AT 5 Wi T2 il 3502 ) B4 o

A 5T LA 5 D40 T AR AR 05 5 K Ak B it ORI RS SEHb R RS T 11 A S L 28
A’0 5 VFCWs 4 & T. 72 (A’O+VFCWs) i jifi Fil 46 82 A’0 5 HFCWs 41 & 1.7, (A’O+HFCWs) 1% Jifi ,
A2 TR T 2MA A T2 BARF AT G K KRS LR EBiRE, o T
A0 TG AT T b B 5T X e ) R BR 45 H DTk R T T 2 M AL A T AT 5astT e,
BENAE T4 TG WA BRI P Re i AL 2 %

1 MBE5ERE
1.1 ARIIEER

FEWE T 114 S BRENLEEER 74 JE A’O 5N TR AL A& T 250, JF & 337 V8 B A0 K s A6 il
(F ), HPRXBME S A’O+VFCWs & 8 1 21 JE, A’O+HFCWs 1iti 16 fi1 29 &, #it4b
PHIUAR A 3% 10~80 td™'s AT 3 s dE b (it £ i oy 504 e, Hor, 30td BAF (L%
30 td™") A 401 JE, Mad 30 td AR R 103 8, HELT 3 B4 iiEicE L, A3

1 2MEETZHNEEMETKR

Table 1 Water quality of the two combined processes in winter and summer

ZT TR Rt/ WYREKR NH-N/(mgL™')  TN/(mgL') TPAmgL')  COD/(mgL')  SS/mgL™)

A0k 28.4+14.1 38.4+19.1 2.7+12 40.7+29.6 15.4+15.0

A’O+HFCWs 16 A0tk 13.6£12.2 26.0+12.8 2.3+1.1 30.2426.3 16.6423.2

£ TA:HEYIN 6.8+7.5 20.4+9.1 2.0£0.9 16.1£9.2 9.6+19.0
A’OHEK 36.2427.1 46.6+28.8 3.742.8 45.8+44.2 107.4+189.7

A’O+VFCWs 8 A0k 31.4+£26.9 40.0+24.2 3.2+22 44.1+41.5 16.1424.0

TA: R 4.043.1 33.1421.4 1.940.9 12.842.9 13.1£17.3

A0k 452+17.3 53.4+18.6 5.1£1.8 144.8+64.3 94.0+44 .4

A’O+HFCWs 29 A’OHK 25.1420.6 41.3+20.0 43+1.6 64.7133.8 33.4+16.0

_— LIPS 24.0+19.0 35.7£19.3 3.8+1.5 53.0+29.5 27.0+19.4

= A’OHEK 3824273 46.6£27.0 49+29 102.8+84.2 68.9+61.2

AO+VFCWs 21 A0k 32.1426.2 40.9+36.4 43427 99.5+132.9 49.3+43.5

FEHH K 11.3+17.0 36.4421.5 3.942.5 28.0+24.3 17.8+17.6
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T 796 FE, Hp30ed! LI (7 30td™") A 604 J, R 30 ed " g R 192 L 2 AN TR
T8 B0 G 5] 24 S i B b X AR BB 30 t+d7' AR (L& 30 t-d7™") #% 5% F HL B BE ML, g 30 td7 %7
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Fig. I' Flow chart of two combination processes

A’O FAIT I PR | e 4 o A 400t rh S B S8 S PR, TSSO 55%~70% , 4 40 J5 A
U, U0 3G YR iRGE i AR A R B R A, HEJR D . A’O+HFCWs Y A0 HLIT A AL A R
B 15T A BRRLAE AR fb i AR fk /K 14 B B[] 2 8 24 hy A’O+VFCWs [ A0 HLIG AN R HLEL, b
ZRUE 2 N 12 m?, JK SR IR 3.6~14.4 he 2 Rl A4 T 200 o A%O Sttt P RS2 2R FH I e UL
WA R 30 t-d 7 LR B AL BRI, MR i 0.225 mP min'; TTELAR N 50 td TR AL B, R
At 0.59 mimin ' TR 80 vd ! WAL B, BRI 0.67 m min',

2 P ANE M BT IRE O 1.2 m, JEARIIAT BB I (WA — 58 2 ab B, DA i oy 2%,
HFCWs #1- VFCWs H} 7K I & JE 5 —0.2 m #1-0.9 m, HFCWs F1 VECWs ¥% i /K 77 7 faf 43 51 20 Ky
0.93. m*(m’-d)”" 1 0.36 m*(m>d)™", 7F A [F]4b BEALAELRS 5 T 19 HFCWs [ BLEL VECWs /N, 7K I 45: B3 1)
)0, HFCWs UKL 2K R 42 5 00 2 PR, VECWs DRI 28R 00 1 TOkE , RARFE 1~3 em. 1R HIAE Y
10,45 55 N#E (Canna indica). &7 (Acorus calamus L), 74> (Phyllostachys heteroclada Oliver), £
PN (Arundo donax). 153 (Phragmites australis) F1 75 i (Typha orientalis Presl) 5 #E/K HIW) , ¥ %
9~25 Hhm MAE, AR OLR G, JoAtE . BRSO,

1.2 Hees
K BE DX H BT PUAT AR RS AR T IS KOS B W HE O AR, BRI R - b7 4 & (chemical
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oxygen demand, COD)<<100 mg-L™', % %l (ammonia nitrogen, NH,-N)<25 mg-L"', & J% ¥ (suspended
solids, SS)<<30 mg-L™", LM (total phosphorus, TP)<3 mg-L™", A X} H /K & A (total nitrogen, TN) #4172
Ko HETIEAABKEK, S0 —H 50 HEABUBK A i Bt 42 T HERCEE R, AR T AR e i AiE 3K
LR, W AR MEE T COD<60 mg'L'. NH-N<15mgL ', SS<20 mgL'. TP<2 mgL"',
TN<20mgL"',
1.3 KERES MK

PRI X I g A 0 R ORI O 3, R TCECPATAE, (BAERHE m  aC B EAE  & R
KA HWIN 2018 4F 12 A, HYRR 6 C, R WIMAATE RS2 BE R 3 2 =R i 1a] 2 2019 4F
SHRZTH, HERE N 28 C, RAEAT3dICREM . 4 2R 2 2 R ab BB i 25 M BE KT
APO 1) U0t A H K SR 4 3K AE F 550 mL BB P % B A, r BIAE N AP0 Bt i iRk |
A0 BT hY H K (JRRIIE M ST k) . DL IR M K . K FE 45 A CODL NH,-N, TN, TP, SS,
Fo AR O k™ AT, RN O RE U YR i gl . KRR AR JE S BIICE T 4 °C R RF, NHy-N
FITNAE24h . TP 7E 48 h . COD Al SS 7 72 h P 58 B4 H7il i
14 HEGU S

1)t AK K B R g P43 BT SR FH AR o 22 R (V,), B Ak BRI H 7K 4575 YL 48 b5 e B2 7E o0 or
BRI, TR R (D) B

XX X)’

N
X

e X NFIKBHRARFIME ;s X B R AR A s N I FEA KR .

2) H 7K Fa RE IR AR R A3 AT 2R A 22 2 ik 0 NIKU 2609 JF & BB R 3 . f 22 R0 (B), T8 1K
IR TR A5 15 e i b v B8 55 WL S HIE OB o o T8 B4 i 125 R E 46 a5 A W HE K o B R A AR T e/ TR T
WLE HERC bR A R0 J7 18] B S5 =X () B .

2 (Xl _Xs)2
N

e o2 R 8G X, AR HE(EHE , mg L7
E NIKU S5 JF A AR 30k rh AR IR s 302 8 A — i I ARR AR B3 i v 1 K 2 77 45 R L
PR BE AREA RO 1 2 L, TRk 3) B
my = X, ®)
e m A FEIHAKHRIE, mg L ¢ REE NI R AL, A B BT HKPRER R LG RUE bR
AET @ R A

vV, = Q)

-3
X -X)

p N

2

¢= V& +1-exp[~Z, VIn@ + 1) @
A ONAE S R B, AR 2 5 T KR LB A s o W AT A RO R, 1o A
GHEBbR MR AR Z, AR EIE AR R, T AR (5) AR R, AR Z,, (1S B R A AR R
AN B T R BRI ) A8 5 R B K R L IR R AR A A0 1A 2 s
7 :lnXS—[lnmx—O.Sln(62+l)]
AZNEF 2 PGB A0 AL TR X NH,-N, TN, TP Al COD “F- 3 LR &, R H#
PRI 2R Oy 22 07 1R EAT 2 5 WG VR OMT . MW HCIE DA Excel 2019,

(&)
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2 BRESH Lo~
21 2FBEATZHNHKEEHEMBEEIERE ol
vl .

D) KR EE. 2R A T EHELFTME £ oot
75 1 MK bR e 2 B R 3 TR . A BFgEie 43
F W], bRE 2 RB Y, <05 2 0E W W S L, B oal
0.5<V,<1.0 52 Al =2 WP S L, 7,>1.0 WA ol
ERFEW . LT, A’O+VFCWs Hi 7K bz

WEZE 2B 9 NH,-N(0.74) . TN(0.60). TP(0.44)
H1 COD(0.43), T A2°0+HFCWs /K 47 i 2% 2 %%

B2 REBHEE. RELGRERYS

DU AH BE R NH,-N(1.06) . TN(0.43). TP(0.44) il FATE AN LR

COD(0.55). 5 A’O+HFCWs ., A’O+VFCWs Fig. 2 Dependence of the standard compliance rate and
ok Fa e M oL, BRI R NH,-N 1 COD, the coefficient of the standard compliance rate on

Ve JEE A 25 BB SR T 0.32 1 0,12, the variation coefficient

TEH 2, A2O+VFCWs ! 7K b 1 22 22 8045 91 NHy=N(1.45).. TN(0.57). TP(0.62) Fil COD(0.81),
il A20+HFCWs i 7K b5 1 22 225043 51 4 NH;-N(0.81) . TN(0.53), TP(0.38) 1 COD(0.54), A’0+HFCWs
KB SRR 22 R BE E 5 A FBMHEAR, EE A ERAUWE; 1M A’O+VFCWs H 7K 4
FRARAR UE 2 R BOTE B 2 0 K0 B T, Bon RAOK TR R E AR 2 . K 2 F L& T 28k T 1E
B, W kMEZE A’O+VFCWs H K& T8 bn A5 E 22 R 504 L A°O+HFCWs K, ok RRE MR 2.

2) KB B AR R A 22 R 2T AL A T2 R B AR R A 22 R B & 2 firos o A
NIKUS #5& B GE 1T 73 B & AR 4 28 2 PPl B T 20 oK R g s pn R A 22 A K, Horh NH,-N F COD 1y
FasE IR bR RIEIT 100%, TP 5 SS MIEEE kbR RAE 90% LA b o B FiZH X M5 0 AR, [ RN A
W K8 B I, R R T KM B, A, 43 R K SCGE e N T b R T HE N 2 Ak BT
FEAR T KR, M ENILEERT, SEUBKMBERRAL, M R4 52 & T 3% 4 B R0E ik An
K EHZE, A’O+VFCWs it K NH-N. TP, COD HI SSHa E ik bp K IL & Fwg A7 F W, 0N
89.8% . 44.5%. 98.1% il 85.3%, kb A’°O+HFCWs & i 22.7% . 12.2%. 5.0% F1 27.2%. #t— & H
25 REOE T R IMAEA 2R 2 RV T2 09 K 25 R B /N T 0, i3k bl WG HR Kk ok B 4R rp /N T
W HEAY , kR E bR 7EE Z, A’O+HFCWs {11 7K NH,-N, TP, SS 5 A’0+VFCWs i1}
JK TP (i 22 ZECI R T 0, 2 Fhdl & T 2% 20 15 e Wy R4 58 IR bR R A K .

L5 15¢
Z V) A’ 0+VECWs
L2 F U720 A O+VECWs 121 ] A20+HFCWs
T [ A2°0+HFCWs
£ 09 = 09}
e J
& 7 @l
2 06f 2 06F
03¢ 03}
0 ) 0 ,
NH,-N TN TP COD NH,-N ™™ P oD
(a) &7 (b) HZ:

3 2MESTZHELERFTHLHKITEERY

Fig. 3 Standard deviation coefficients of effluents from the two combined processes in winter and summer
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Table 2 Stable compliance rates and deviation coefficients of effluents from the two combined processes in winter and summer

" » FsE IR /% TW2s 75
= T L4
NH,-N TP COD SS NH,-N TP COD SS

e A’0+VFCWs 99.9 88.7 100 93.8 -1.02 -1.21 —0.82 -0.77
h A’O+HFCWs 97.2 86.5 100 90.8 -1.01 —1.48 —0.75 -0.77

A’0+VFCWs 89.8 44.5 98.1 85.3 —1.15 1.13 —1.09 -1.12
CES

A’0+HFCWs 66.3 323 93.1 58.0 0.28 1.16 -1.27 0.37

JC e J2 fif ] NIKUS # R 32 08 02 fi 22 &R £k, 3R B A’O+VFCWs [ F2 28 1k bR R & T
A’O+HFCWs, 7EAZ, 2 MG T AMRERRFHE R, 230K, EEE, A’O+VFCWs 1y i
JK TP RasE IApR A 25, A’O+HFCWs U & 7K NH,-N, TP Fl SS fa g ihbn R 745 2% . H & K&
PEFRE, X—250 5085 TR A A TR B A5 A —20, @ Bz iH A & B, 12 X R A
A AE RS A AR SO, E AR BN L R, BRRf s fiomi il K, SBOS TR, N
M) 352 il F14) Ak BRASAR o
22 BATZRENEBETSEYERYR

AP0 5 T8 M X 4595 Je b 25 B o ik R 5 HE A 4 TR . XA T8 HRBUR I T, &
P A’O+VFCWs 4 & T. 2. %} COD. NH,-N. TNHITP Y 3F 15 25 (3, 1 & % (82.0£18.5)%.
(94.8+8.8)% . (49.3+16.8)% Fl (50.9£16.8)%, 7E E 7= H.(72.5£13.2)%. (80.0£16.9)% . (30.0+17.8)% #lI
(30.7£18.9)%, X i5 Ye ¥ 2= B ke 3= 2L AE H A9 R JC S VECWs; 1 X A’O+HFCWs & T.20, X
COD., NH,-N. TN FITP HPEEGRIEAZT R (59.3£21.4)% . (79.1£19.9)% . (42.3+17.3)% F1(25.0+10.2)%,
TEH 2 (62.2+18.0)% . (58.1+30.8)% . (40.6£20.0)% F1 (28.9+15.7)%, *ti5 YL 2= e = B AE F Y 24
JLJE A’O. TE A’O+VFCWs T. 4 H, {5 F 2 i VFCWs £ B%, BTk 2 N 51%~95%. i 7F
A’O+HFCWs T. 257, % NH,-N. TN Fl COD i T EAEHI A A A’0, TTRkE N 53%~80%.

1) A20 2[5 A8CHR K B AT 2 BhAH A T 2009 A0 BATTX &35 et £ R R 8 5 s . X oF
AL AP0 BT 15 Y Y LR RO N R 208, BB ELFLZZZE, NH-N
FRRBUR 25 W3 (P<0.01); 1 TN 253 A B2 (P>0.05); TP A2 5 B3 (P<0.01), HZN2%5 5
2 (0.01<P<0.05); COD 422 34 % (P>0.05), H %5 0% (P<0.01). A20+HFCWs 1/ A%0 i

vaa0 [ VFCWs A0 [ VFCWs
pE FES &% PES
100 1 — —— —— — — — — 100 —— —— —— —— e
% | e D 7
¥ : | i ! :
z% 60 ! f& 60 7 7 7 '
& : & : ZV
44 A | H A
ENERLY 7 ' 7 7 ' Tj 40 7 ' 7
H : ! -
R ' ' &
. o\ | 9% .
0 7 W 1 J 0 1 J
NH-NTN TP COD NH-N TN TP COD NH-NTN TP COD  NH-NTN TP COD
(a) A’O+VFCWs (b) A’O+HFCWs

B4 2MEEGTZHA0OSANTEMETELERENSTRIERSL

Fig. 4 Pollutant removal ratio of A0 and constructed wetland units in the two combined processes in winter and summer
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100 100 -
A20+VFCWs
A20+VFCWs [ A20+HFCWs
80 - [J A20+HFCWs 80 -
x§ 60 § 60
40 440
20 % 20
0 ! 0
NH,-N TN TP COD NH,-N TN TP COD
(a) %2 (b) HZ

5 2TMEAETZHWAO BN ELEREN FITRMNEREE
Fig. 5 Pollutant removal of A’O units in the two combined processes in winter and summer

JEXF NH,-N, TN, TP 1 COD i 2B RAEL Z N (59.9£31.3)% ; (33.6£16.3)% . (25.0+10.2)% Fil (46.8+
23.6)%, TEEZH (56.8430.4)% . (31.3+24.1)% . (21.8£17.4)% F1.(54.5+21.8)%, . A’O+VFCWs ) A’0
Har et 39.2% . 12.5% . 9.4%. 5.8%(%Z%) M131.4%. 10.9%. 9.2%. 27.4%(H %), H, A0+
HFCWs H1iJ A’0 HL70 X TN, TP i K BRBOR AL L A°O+VFCWs B4

A’O+VFCWs 1§ A0 HRITXF 475 Yo ) 2 BRACR B A U A°O+HFCWs 1 A0 Hiot, FERE 5K
J745 B B 18] (hydraulic retention time, HRT) 22 545 G o SRIAA 25 2L, iZHIX A’O+HFCWs 1) A’0 T
B HRT 7E 4 24 h, 1fif A’°O+VFCWs 1] A0 H.750 HRT 4 3.6~14.4 h, 2 Fp 4l & T2 3 Kk 22 57
/N, FEHRT ARG, AW 515 R A 725, RBO5 1Y) LBREORAME, XELE A0 H
TCTG e ) R BR AR 22 5 0 e R EE A R AN, A’O+VFCWs Y A0 BLIT I St i 40 2 /2
TG e HBR AR EERNE . W EAS T4 A0 Bt 1Y i A it 4 1k 18 J5 L {3 (oxidation-
reduction potential, ORP) #: | , % # A’0O+HFCWs (1) A’O BT I %3t ORP {4 94~144 mV, FEA N
JEEAL A AL S5 5 1T A’O+VECWSs 1Y A0 HLITH 401 ORP 2y 10~77 mV, HAH AL T 5 ORP Ik H} 452
L2 [N, 44 T2 AP0 HIC kT COD Ml NH,-N i 25 B 3UR s B R AR, KT A0 HutqE
T EI5 7K 88.0% il 85.0% MY 25 BRALAY, 3xX 5 A& b Az 1 15 /K i 7K /K B /K i B AT B[] b A ¥ 57 09
2 PP A T R N L Tl K R B K e KA G

2R G T 26 TN EBRACEA A . — 7 5#7K COD/TN K (1.0~2.4) . i A J& BR i Sz il
AN, WERAAARTE A, F—TJr i, AR 15 KA PR A AO TR A W 81 I A8 AR
AR U0 I ARG VW Rl 2 R A, SRR T RO A, R ARME A T, R
7= o R N 2 7 7 W R 2 = B = N O L - 1= v 1 T 1 ) N 3/ 07 N e N Y- A )
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Fig. 6 Pollutant removal of constructed wetlands units in the two combined technologies in winter and summer
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Abstract  Samples from 28 A’O combined with horizontal flow constructed wetlands (A’O-HFCWs) and 46
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A’0 combined with vertical flow constructed wetlands (A’0-VFCWs) in Haining County, Jiaxing City were
collected, chemical oxygen demand (COD), ammonia nitrogen (NH;-N), total nitrogen (TN), total phosphorus
(TP) and suspended solids (SS) in the influent and effluent were determined. Then the stability of effluent
quality and compliance rate were evaluated, the comparisons between these two processes on the performance of
rural domestic sewage treatment, and the problems of design and operation, were conducted. The results showed
that: The compliance rates of A’O-VFCWs were higher than those of A’0-HFCWs.The effluent stability of
A’0-VFCWs was good in winter, but poor in summer. The average removal rates of COD, NH;-N, TN and TP
by A’O+VFCWs were (82.0£18.5)%, (94.8+8.8)%, (49.3£16.8)%, and (50.9+16.8)% in winter, respectively,
while they were (72.5+13.2)%, (80.0+£16.9)%, (30.0+17.8)%, and (30.7+18.9) % in summer, respectively. The
main unit being responsible for pollutants removal was VFCWs. For A’O+HFCWs, the average removal rates of
COD, NH;-N, TN and TP by A’*O+VFCWs were (59.3+21.4)%, (79.1£19.9)%, (42.3+17.3)% and (25.0£10.2)%
in winter, respectively,, while they were (62.2+18.0)%, (58.1+30.8)%, (40.6£20.0)% and (28.9+15.7)% in
summer, respectively. The main unit being responsible for pollutants removal was A*O. The average TN and TP
removal rates of A’O unit in A’0+VFCWs were (20.7£16.3)% and (15.6£10.2)% in winter, (20.4+11.9)% and
(12.6+13.9)% in summer, respectively, which were significantly lower than those of A’O unit in A>*O+HFCWs:
(33.2+16.3)% and (25.0£10.2)% in winter, (31.3424.1)% and (21.9£17.4)% in summer, respectively, The reason
was the small effective volume and insufficient dissolved oxygen control. The removal efficiencies of A’O unit
in these two combined processes were not ideal, which may be related to the low ratio of carbon to nitrogen and
insufficient sludge discharge. The average removal rates of COD, NH;-N, TN and TP of VFCWs unit in
A’O+VFCWs were (58.8+25.4)%, (61.4+24.4)%, (22.7+8.5)%, and (27.4+21.2)% in winter, which were 16.0%,
36.9%, 1.3%, and 9.5% higher than those of HFCWs, respectively; they were (59.9+£25.0)%, (71.6£26.5)%,
(38.3+32.8)%, and (39.2+32.9)% in summer, which were 28.8%, 52.6%, 10.5%, and 5.0% higher than those of
HFCWs, respectively. The main reasons were the lower design hydraulic load and lower outlet level of VFCWs.
To sum up, the county-level city was suggested to improve the performance of A’0 or constructed wetland by

upgrading structure of the units and optimizing operation strategies.
Keywords  rural domestic sewage; A’O; horizontal flow constructed wetland; vertical flow constructed

wetland; nitrogen and phosphorus removal



