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Abstract Eco-type treatment technology is a common process for rural domestic sewage treatment. The best eco-type technology can
be selected according to the water quality, geographical characteristics and social and economic conditions in rural areas, which is an
urgent need of rural water environment treatment. This paper summarizes various ecological technologies widely used in rural domestic
sewage treatment in recent years, and introduces a variety of ecological technology combination processes, as well as the research
progress of enhanced biotechnology ecological treatment processes, and expounds the applicable water quality conditions of each process
type and the removal effect of pollutants. Economic weakness is common in rural areas of China. By comparing the actual engineering
efficiency of various ecological processes, their construction costs, technical characteristics, operation and maintenance management
and other indices, it can provide experience and guidance in the selection of ecological treatment technologies suitable for local
domestic sewage treatment in rural areas of China.

Keywords rural domestic sewage multi-ecological technology combined processes enhanced biotechnology ecological treatment

process

AL WAEDE SRR HESISETE & MR FREC R M E GRS 2 — RERN A
IKEAEERRE ST SRR IR 5K A A B RO SE T &

[KFEE] 2023-08-24 PRI ER FRER AR, A&
[E&WA]  Frlilik s FHET H (INSWKI202208) TR FLAME ) | 0% R BT 34 X 5 K Ab

[AERMEA] ABL1998— ) I8, WL BRI ok A g N e o
o SRR EIL, FECAH MK 5 K AT, 2019

LEEEE] FAG(1977— ). 248, 1 &, Bmail; wliole @ AN AR TE 15 7K B 40 31 L A0GE 3 31, 50% , 52 Ik

sina. com,



FZREIL, X, & M, 45

AR 1 15K AR S AL BEEOR IS it J

Vol. 43, No. 9,2024

N5 KA FER Y 329

A S RIA PR ARG AR A S 5 5 K Ak B
S G R 3 MY s UEA S AR R
GEXHE K oS G AT AR R T
LEFGASBEI T 255 AR R T2 B
XPAHLY TN A TP 4575 YW i L RACR | 253k

R 2% T AP 0 PR R A o8 E e, LAY

WFFE RO A B3R 4 T8 19 T2 T M, S AR B F
FEHLALTT ], 45 7R 1 AS SR T 20 A sl R A e 24 iy
PR i, Rt o A S AL ER T A BT R A
FESE IR TR o R R 2250
1 ETREITZ
1.1 AT

N T b — il i 3RO} I o AR AN B
FLEEH EBRTS R P AR M 5K B R 2
FRMOM EHRETZEX(E ), BEEAT
T M B AR SR FIAIG (R b TR ok, 2 iR R
M X35 Gy A S35 2 B R AR, AN FH T A B0
Juk B EE A TR AR A S LR AL
FRSAEVE AR R A R 76 26 BN T8 M g 3
Blt L Fp R A ARS A 2 /N R R N T b B o R 3K [
A6 75 b DX 4% 2 A% 0 L, DR e B s e W A B
RUT ORI N TR A A AR A R AR
FERCAF AR ARR , PR SZ 3K 15 e B fr , A AL
YL BR R (HXT R A LR AE S22, Salah
SETBE G TN TR M X 2 5 RS P B R
(PPCP) B2 BRAILH , %z BHRE 4 356 Jo (%) W% B A 400 7
WA B DRI ) R A RIE 25 B I R R 2R
DL N T3 = DL — T 2R, SR FR A
PN TIRH, PTG [ I 4R At SR IR SR 2 1, DA
RAHRERE 5T A 82 R Bt 4 T, SRl N T3
X} TN FIl TP 925 B A BRAR 435135 8 40% ~ 55%
M 40% ~60%" APy ik — 5L 5 . Parei 4™
FIL PRI HA 5 4 BT 78 T BN TR b 3R 48 25 B K
K, EERFH] BOD, ,COD,, ik B 7 [F44 (TSS) Y
EBRBORII BN 90% 90% F1 92% , 4% N T.i0H
RELE A RIEARI A T 2R3, 3530 5 TR A
T K BRI FRRCR . Decezaro %5 WF 5T T FH T4
T o380 06 BB K B 4 RO Ab B R 46, A0 35 1k 385t
(ST) FIAp A8 S8 A5 1 Tl L A T b, 45 SR 36 B
% R G BV 1) 2 B AR A PR /K A 3 R B R4

AL HCR  COD,, LB %R 78% , TSS W)
FKFREN 84%,

B TR
Fig. 1 Structure of Constructed Wetland

Munir 2O BFSE T —Fh LT ORFEFE RIS 4 )8
ALY SRR B SR €0 90 K A W e 1R 52 6 MR 1%
BAMEWE M TR 1 3 T 5, X 5 21 b i) 25
BRR AT IAF) 95%, Wang %6 R F 6 - 284k HURL
AL A, BT T — A R A A TR
(SS-HCW) , X} TN KBR346 & T 37. 74% , AL 72
AL S FI Fe IR R O R, SR M AR 4 1)
AERER 4 R &, Garcla-dvila 25 2 RS T
WUFAEY) (ENFE SR AL M HZEMEBRAL) 75N
TR R R L, 45 5 B0, LA (R 2T AEAR g
g B R TR AR5 e Wy, A0 AR ek Py BT B s 175
Pl KBRBOR . Herazo %W HEIT T HE 13 3
FORUL B AP PR RO R & R T Xl 1Y) 22 o5
SR, 4 R e PR PR R ORE X B G 25 R R 4
12% 1% 5% F1 23% , T 16 75 FhAE %) X0 5% A8 40 %o ol
M EBRER 27%.,
1.2 AET/ER

AV TR A D  15 e L B R
DR s A48 T 1 A AL, 8 — RS2k
WA A TE TG KA BT 1, A IR 1 B~ 0T
Bk HRE A T2, & A A AR AR 6E,
A I U BRSO ORI 1) 22 BR AR I &, 40 1
d B BRI 30. 82% 1 33.53% 1 A s Vg IR Xt
RS LBRACRZ B AR 3R, 248 TN 2%
BN 14.84% ~ 84.24% , TP 5 FE K 13.93% ~
86.22%") N T AR TR i E AR Ak T B SRR 5 11
SR, Kumwimba %5 78 AR I B FPAE T L7518
SR T AR, Dl T AR AV TR AR A ZE X AU R R
RGPS . Liu 2R FRSF RS L4 AR
TR DT P ok b BAR AT AR 6 5 7K, & 3RS FF AT LA
FEA i SRR L] (1], 7E 42 ) 1 AT UMK Fhg Rx)



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 43 ,No. 9,2024
September 25th, 2024

WA ARAEH
1.3 XEZEHEA

T B IR B R A - IR A AR S A —Fh
AL FRER | 3 AR o il s K AL 3 B AR
I Ab B8R B | o AT A B0 B A AL R, Zeng
SV AR D - BB O OB 8B Uk R b 2
LA A5 K 8 I R] A B30 & B, A
TR 1362 18 RGENMUBEA S R AR 1G5 7K Y
1YLy, T H R MR AR T R R AR HE L, Jiang
SOV DI K TS TR AR A i A M R ) - s
RS, GitistT — B a5, R4 h 4n v | i Ak 4
DARI SR A A o ) B I v TR e IR IR R 4,
A BRBERCR IR R RIS, B IR RS AN
RAET 208, EEURF KA Sk,
THE AN BRR, B K EGE , Yang 4570 R H
[} WIB A T RIS K A3 T 7 2 Tk 7 0 X4 1
KA S AL T REIMARE ), 7R
PEE 1 3, TN 2 AU 25 6 2R 40 0l 42 1 3
56.53% .54.97%,
1.4 opis[ARIRH

] A A b 2 A SR T RO | e ] A A W Y

PRRIVE T XeHi5 2K v s Y A 7 Ak B R 28 A 2 Ak
BT 2, 2340 SR N T 20 S M AR A A 16 5
IKHATAE IR B TR IR 25 R |, mi | A A g b R e
B11)E BTG K TR coD,, (BOD, \SS. TP TN | & &
F 22 BT LA 3155 2 79. 53% . 86. 89% \92. 26% .
68. 21% .50. 52% 86. 79% , ¥ it 20 5% i 114 2 S
LT Chengm] W& T M) 5 A Wy 24 G 1 52 6 i |
AZSUEH, HXE BOD, .COD,  EAf# AR (TDS) LA
AHLEK (TOC) 19 £ BRF 5350 75% . 85% . 90% |
30%., AT iR g i ] A 2 s XS K K B
ek B AT BE T 25 14 1), B T 3 e 051 A 2 b
T2 IR UE A R 22 i g A S T R R R TR
TR AR RESE A EREE, K TN B TP 1 5Bk
ROPHIBRRE R T 82. 1% M1 96. 7%, LA, #ic il 4=
BT A s 17 9% RS, E 2 Tr vk 5 B
FLA AT R U (0 4 45T K AL B ok B — RE A
B, Ml S AT LA 1k 8t OB SE | [ A b 45
Het Yy o] HEATREIRAC R, B 2R AL A

AR 4 Fpge A A T S K S A S A B T A
m= 1 fR,

R ARHER TG R AR AN B T2 R

Tab. 1 Comparison of Typical Ecological Treatment Processes for Rural Domestic Sewage

T LA T2 T LB I M X 2 EZ PN
. F TR BB T A, A SRR, R B, B 1k ST e
N T AR A W b IR [ | S HH ) 3 X [10]
e PRAEYEP O (0 R R ST Y AE R TR e, 2 E WA SUra i, g RIS
AW : [ , [16]
AL Al M
I . EBEETARG, B R, KRR ) = TR R R IR R AR R
BBk ; y ’ 5 UK, Z 2T AL ’
B UEHR e o T RUKR , 32 2 AR b R WK [18]
ML 2 =S/ 2l 3% B BERE N VRVE IR J::%
W] A U VAT BUAIE, 15 Y LR AR IR I SO SR N BN B PR B e 257 (23]

SR TR VN

F M — R4 AT H X

2 BETESBEARAWAEIZ

AR AE B AR TE AR A V5 K AL B R )
2 AR AETEAL AL R T 1 B s A R, Rk, F
FNR R T AESHARAE T, H LW T L
X anE 2 iR,
2.1 ZBESHEARAEIE
2.1.1 ATHE- AT

AT HB R T8 40 & BA SR e s
T g ), TE N TARE 1 K Y% T4 B8 8 iz
375 ORI b e 56 T A 1 3 ) 4 R X5
PSR bR A A T E A E A

FHIX 31T, FEdL s 7 5 % B AR |, 75
Jni RS, BEA AT S, A A T 2w
Bl 3 iR,

N T B AF7E TN TP 2 B A %) (] 2
BT HER TN TP B9 bR 3R MG %0 7 e 5 T
SEERE LA ZSTEIR T2, XA il sk
PG IRA TR TG K AT AL B 45 5 & B /K coD,, 2
FRESEm T 12% TP LKBRRIEE T 20%, K24
PR SR, N T3 A7 7 KOS R Y ), Wy
BHZE 70K FAL B R 40 45 P g o 21 B TP — 1k
i & I F N TR K S TR BE AL PR, 252 3%



FZREIL, X, & M, 45

AR 1 15K AR S AL BEEOR IS it J

Vol. 43, No. 9,2024

H

AT

7

it

TRBURG

Wi g 2k A UE e

ATHRE- AT IR

BN TZ

1

®
K
7
&
>
B

>
H
0

AT -T2

=]

T

—{ s s A g |

Eef A+ A X

(e R A b T H—{ A TR

AP AR T2

B2 AT YRR

Fig. 2 Process of Ecological Treatmen

O wm (— viww [ AL HHATes 0
Y0EANE

3 ATLHE- N TR T 2R
Fig.3  Process of Artificial Fast Permeation-Constructed

Wetland

B, e N TR K5 ek B A i s, N TpRB —
AL X COD, 2 A TP 19 2B BTRR 343 51
70% 50% 85%
2.1.2 AT ih-Fee i

AT SR EENAE RS, fEm. K3
Pl 7 er Joim e f g B AR RS K Y L AR
SE VR R i A B TT R, T X K R SS #EAT &
B, Akt fe T N TR RS E Y AR E A
N TR B b g 35, ] R B0 1)t 37
Heole @i A A T A EE R EEED
SRR TG KB, ZA A T LR NE 4
B,

AN AR 2 B R L X 8 IZ A R 5
AR FRAE TG K PR 52 1 ROK K AR R RS2 i
T.Z%F COD,, TN Z A TP By 23— & L
W3, 43 91K 75. 1% ~ 87. 3% . 50. 2% ~ 67. 8% .
65% ~75.3% .70. 6% ~ 85. 9%, WF5" R, Yk

t[24]

O i A VLB
ok l
O mes |« ATE®
ik
B4 ALiS-Fedl T2

Fig. 4 Process of Constructed Wetland-Stabilized Pond
RmKh&ARKE ANFHMYIE 205 REXT A
R EBRB SRR BRAL, 8 T SO MR T -2 e
B G RS KT E B, 7R IEE R E 3 2R )
UEMETG, LARG T M DR A o AR TR SRR &
15K AL XS G, A WUk L B IT X COD, 2 A TN
TP A9 £ BRI T 63.9% ., 52.7% ., 44.3% Fl
46.3% , W1 & T. 27 3 5 Br B R 7 86.0%
93. 8% .93. 4% F1 90. 2% |,

2.1.3 el A A8 - N T A

e ] A St — N T b 7E 3R 1 R O b DX AT 3
Wi (EAEAL T 44 2 | e 15135 20 ik 7 B AR, Al R 52 i
TEANHA T AMAEGE T, et A S A AT
MM 2H 5 T 20 AT LA R D3k A 0] R e 5] 2 285
B T YLk B A B R BRI, N T M AE AR
TR A L RCR  Z A T 2R E 5
Fis . it SEHIETT A T 2 AR XT COD, |
A, TN, TP 19 £ B % R 72.12%, 87.43%
43.60% .87.07% ",



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 43 ,No. 9,2024
September 25th, 2024

O—= #m i
Hak ‘

AT i3 W A A
ik Ll

B 5 A A uE - A TR T 2R
Fig. 5 Process of Earthworm Ecological Filter-Constructed
Wetland

SR TR e | A 25t R 2 () i i S AV B
T M5 A A5 e 7% ] 1 51 3 g AR A B 1Y) (R U A
it , AT DAARAIE A A A BT 25 7 A 25 1 A 3L A% R
AJHRFLEAEAT Y 3R R AR R R B TR 4 i 1)
Z P A AR M A T, 25 R R IR A AR
92 °C R, R COD,, ZA TN TP 247 8 1) Ak 2
RO KR BT OB TS K AL BTG e HE bR
#EY (GB 18918—2002) — 2% A Hnifi,

2.2 HEYEARBUNESLETE

AW AR LA R 2 B 05 Yy, (A B ali A= )
AR BRI A2 N AR = 6, B R 28K
PATHBIX 28 55 S5 A A 22, To ik S A0 A= ) b B R
FEDEAR GEBHEARBITHIG S, 20 KIEMW
FPL, AT IR B RE T 29 AR X R s L BRI AR
2.2.1 HfsEfb- AN TR H

LA - N TIR A G T 2R 45 an &l 6 fir
INo FEMAEALIXT COD,, B2 5 T mk R E R, A
TR TN TP iy FE LRI, A G 128
FHT Ll | BB i DA AR A, AT A Bl 3 2 et AR
FIFH SR> T 2R AR BEAT DAl 3 8 48
MERETTH Y ERAED SR A A A+ AT
MEHBZ G T 2B A A= 36 157K, COD ., AR SET5 G
S EBRRIRER ] 87% Ll b, N THRTF T L ry %%
TRVERERT S ACOK Fidese , ARk 5 i & T R 4A 4%
fi AR - ER R R TR 45 T2, KoK B
AR IAF] GB 18918—2002 —ZiAnifi,

J AN T Ak Ak AN T M S
BT T4, COD,, M AWM LEBRFCE S MNET T
15. 8% il 18. 7%, X% HF 5% — 2 3 1K w55 i
50 em , HAWJS PUGHAR S FE R 40 em, IR IHAEH
BURHE AL - N TR A T 7, il it i SeisfT
PR, A RS ) SR AL R O 3,39 10°
mg/ (h-kg) Atk SR A B AR KT 1, i
AUEF N TR HD X WAY 23 R 5 R BRI 75%

B 6 it fb- A TR T 4454
Fig. 6  Structure of Contact Oxidation-Constructed Wetland
2.2.2  THUEM- A TR MY

g - AN TR A T2 g5 7
TN o TS FRIK vh 2 2 2 G R B T IR
W Bk £ e SR SEURL 3 S22 TR , R L b 2R EDRHY
Pl PR AR LBRFE, TR R T AR R
A YRk L6k Bk 4 FhEUEHER R ZLA T 1
AEFRR | 25 RBR IR A A + 206G + R R AL A
O TN TP 125 BR AR A hF, T H 4 J5E 3 B2 e, mf
DAPRE S Sl vk i S vy . SR, IESE T 2R E
ALY 25 5 A5 58 T DB A7 e e Y Rt e e o
S T R RUR  FLBRER R A AR A ST R
PRATEWE A it R, AR 1 X e ] R O
UE T V5 18 0T 5 e A ) 2% R R e 1 i T8 el T

COD,, 2 A3 L BR324 50 75. 75% .86. 08% .,

ik a%

e ——
A A A

o -0

|

OO0
ek

e

o lcoo —

B e so R I 1
AT
B 7 k- A T T L5
Fig. 7 Structure of Trickling Filter-Constructed Wetland
T U Tt — A T b 2 A A 3 T K A A
TAZ— JAHAAAE KRR E PR 2E Bk i, Rt
R T HEREBAET 254, R W T il e
M g i 58, &t s it KR AR K 1 7.0
m’/(m?-d) [ R 200% i) %44 T2 % TN
TP BRIt 90%
IR A S G T AL KB T b LN
2 PN,
2.3 HBLESIZ
KA ARG KA SO T 280 24812




FZREIL, X, & M, 45

AR 1 15K AR S AL BEEOR IS it J

Vol. 43, No. 9,2024

®2 WAVESAS T 2T MIsFTHER

Tab.2 Comparison of Economic and Operational Indices of Typical Combined Ecological Processes

i H AT HB- AT AT -RGER  EBERE - A TR Al - A T g - A\ T iR
HokbRME (5K A HEPRME)  GB 18918—2002 — %% GB 18918—2002 — 2% GB 18918—2002 — %% GB 18918—2002 — %%
(GB 8978—2002) — %% R A FRIE A FRYE A bR
Frife
WokkENE —K — s FaE e
B frgE s R — G R i
ARA K fi% A% ORI A 5 AL
PREEH TN, BREAEE TN, BREEH T LM, BEEH TR, BREEM TLW, BREEH
JrfE i fiE Tl Jifil JifE
Heyr THE  GYEIE T gy A TZ2wED sl TARESD G SN e bgiy
BREE - - bl g B

11, TAR R E S FEEPIEXME S T ATk
HERIfEAL . XSt RE T A AL R A T
LRGEMEZIT BN A, LA S AL B R AR
JEPE R RREL

Li S8 T — Rl F 1 3k PG b X 43
KM AT KAERB R (ESW) | Bk K RR2E
Fa]JE % 9 h IF, %F COD, (TP TN F148 & Y £
O35 F) 88. 58% . 65. 60% . 92. 94% Hl 93. 65%
HIKAF G HEWE K BT AR, AT FH T REBEVEE . Zheng
BT — R R K KSR N T M (F-
TFCW) , 3% FH F SR ¥ K Fnny A 2 iz 7wy i 2, B
SRIE KA RS N TR BT T2 A, B
COD, ZBRAEUCR ; WA VE I AT i 228 13 B3 fie A AL Jo B
SEEHAEY), B T COD,, ME A ZERRR,
Wang 45 O T — P4 55 Bl L D848 (ANF) B
TR BT M 5 e A ) #2 il 25 ( NIGPRBC) LA T8
MR AE Y RS A G ARG, TEREBIT 28N is
190 d J5 , % COD,, TN 2 & TP B2 244351
9 95. 14% 79. 07% 93. 42% 83.39% , Liu %500 %k
T3 EAAT G KA T RN K oy o, BF ] T — oo A
PSR K -5 6 A i AE S 8K (EH-CMEFB) 3%
KA (EH) 26 8 DL A RS M S0y e Ry 64l >R FH el
HE IR R 22 = 15 IR UK T2, TR R B =ik
EEREDR A RCREAEY S K15 i
O3 B A AR S UE IR (CMEFB ) s 5 T A TR
1) A 8 A 2 A 3 s 7 2, ELAT BT AT o | o AR
AN DEET =
3 IT#EMA

HAT, REFRAT A TG IG5 KA T 25 2 R H

B A T AR A 1 15 7K 5 AL BELRE 77 9 W)
S A | ED S 5 80 o il (N B SHE SY CCOAN | 3
WA V5 K AL BT 20mE, T80 RAE % kb 34
T AR BB R A B T2 0 2 T Ik A
SEARFT M X 1438 M . AR A AT b DX 1 7K SRR AE |
SR M BRARAE A S e T A R R B B R AR A5
IKAEHR T2 SR 5 KA B T AR P VI T 2, L
U AE AW A A M X, 1% M IX A A AT 2 55
Kk NS KK BB R &, v R A sk
PR v ELAS B A7 07 (5 Ay 35 X 051 A 25 v - A T
LTS NS e I 1 D [T K 1 R E N = o NI
Ab T 1Ly P i IS | A IS 22 B, Y b
ZPR I R AKOK B SRAR, R R AR A
SRUBTE B A S I R TS KA B ARV
M X, AT AR A& TR IR AR
M A K B s AR O B A AN T3, —
7 TR 18 O 55 L A0 5 e ) EL A O S e Frg A B
B, 5 — 5 T ] R AT o W EE 5, 35NN Hly
YA A2 A BT 25 52 PR TR S Ak B AR A
£ 3PN,

IR, A o b X 7 e A AS AL B T 251, 465 )
ORI T RS N R R A X
ZPR S T LA T A 1 5 75 LA 4 B 4 A RN B
SO Z USRI, A B DA e i 780 g N T3
Mo T2 R 5], Kk A AL BB P A T R4 41
BAZg N TR B R 1 000 ~2 800 JT/t, Ak HH
RN 0.05~0. 20 JO/t, 3817 AL M5 585 K Ab
AR 1710~ 17577 X8 30 45 1S Fi) ] 2 i
Tt AR O £ B ZH B 1) 52 N T Ak R R b 3
PR HETE 15K, AL BRARAR g 80 m’/d, T B 4% %



Hr

KoHOR

WATER PURIFICATION TECHNOLOGY

Vol. 43 ,No. 9,2024
September 25th, 2024

R 5.2 Tio, KA B %R 650 J6/m’, 38 17 A
AN 0.03 Jo/m’, 5 2500 K b - T g
- A T8 M 0 28 B R T VR BE R 5T, 1% T 2 AR X

R 3 LTI T 2R TR B A AR

Tab.3 Practical Engineering and Treatment Effect of Ecological Treatment Processes

b 80% LA 175 K 4T A BRAL B I, T R2 B 4%
AU EA B 70% 2247, H s 4 9 W RE 7 &4
66. 9%/ A5

T2 JEFTHL, JEUKAKBR/ (mg-L7) KB/ (mg- L") RESPSERES HhKbrifE 275 3CHk
AT i TR XA COD, :499. 30 CODy, :2. 50 COD, :99. 50% GB 18918—2002 —% B [44)]
FHRE 11,68 1. 66 HH.87.16% i
TP ;4. 04 TP 0. 49 TP . 88. 43%
AV PUIE LTI SR COD,:71.29~640.00  COD,:27.73 COD, :77. 05% GB 18918—2002 —%% B [14]
AR %(%:6.83~85.05 HA12.6 A 44.63% i
TN:8.35~109. 11 TN:15.43 TN:47.97%
TP 0. 56~8. 38 TP 0. 95 TP .49. 79%
THEBIERSG TLINE T COD, :97~240 COD, <50 COD, :92.7% GB 18918—2002 — %% [18]
K HH:20~31 HH<S SR 95, 8% A il
TN:25~36 TN<15 TN :76. 4%
TP:2.0~3.7 TP<0.5 TP:76%
WS AR AR VLA TLH TR COD, : 180~450 CODy, :65 COD, :81% GB 18918—2002 — % [50]
TR HA:17~33 BAR:3.1 R 82% A bR
TN :24~39 TN:8.2 TN :66%
TP.1.0~3.0 TP.0.3 TP.89%
AT HRB-AN FKILIHFLT CODg,:19.54~169.63  COD,:24. 1 COD, :79% GB 18918—2002 —% B [25]
T R BRI 4% .10 62~36. 88 HH3.4 R 86% b
W) TN:12.75~44. 53 TN:5.9 TN :78%
TP.1.52~5. 89 TP 0.3 TP.92%
AL -5 WLAEZR T  COD,:500~800 COD, :83.75 COD, :81.2% T 7K &5 6 HEChR HE ) [30]
E Sy AT A 40~ 60 HA12.2 AR T2% (GB 8978—1996) — %
TN:50~70 TN:22.7 TN:59% Frife
TP.0.5~1.0 TP 0. 085 TP .85. 07%
LIt A HUR A COD, :261~396 COD, :23~49 COD, :90% GB 18918—2002 — % [32]
AR - A TN:38~75 TN:5~12 TN:85% A i
RITE:) TP.2.2~5.4 TP.0. 11~0.28 TP :96%
AL - N THRELHET  COD,:88.21~345.92  COD,:30. 42 COD, :82.55% GB 18918—2002 — % [38]
mRiTE BRI 6. 02~77. 19 HA2.76 .91, 27% A b
TN:3~33 TN:5. 68 TN :82. 98%
TP:0.7~2.9 TP 0. 19 TP .87. 86%
g - AT L3RG LR COD, : 100~ 600 COD,, <50 COD, :91% GB 18918—2002 — %  [51]
T WEERAN  H4%.0~150 BA~0 S 95% A i
TN :40~100 TN<5 TN:95%
TP:1.8~10.0 TP<0. 5 TP.:95%

4 H#LSRE

A S A BRI A

B BT YE B IR S A
MLIER R R TR B M T2, g
ST ZZIE T R SRR RO TSR
PARBIAAS , Z A EOR A G T2 REME L 145 T2

AP, TR AP G A AR T 20 B 35 T4 0%

AR KK BRI A i X He 2
AT, N TR & T 2508 A 7E 3 g AL 75 A
PEATHES, R R AL 7 AT i DA A IR FIK s
SEAFAE S 2E S (E N TR T 25T DIAR A 2 M Y



FZREIL, X, & M, 45

AR 1 15K AR S AL BEEOR IS it J

Vol. 43, No. 9,2024

IS FHEAT AL A BT AL, T SE B
TG AR BIACR . EAh BT 2R AR B A
REFE , ZE5P AN A X ] 5 X AR Wil S A X
EESy S S I DNPAL g/

SR, AR A AL BT 20 i I 2 o AR Ak
RBET T PER S R AE A, [, PR AW R R 5T
WL IR RAE LR J5 AT s

(1) PR FEARN TR B R . XA X A
FR 75 AR I R ¥ I i T R s A T DL T
AR A A7 2 1) E AN [ ML B T 56

(2) s {5 KA BT 2 BRI . BE— 2 TF
B TAKT A (g 5 Aa AT 4Ey Ty i ARy
BT AL BT 2

(3) 4K 5K AL BRR AT REAT B R [ FH w1l b
SRIKMA . T AR A 15 35 K v s Y ) 20 AL
SRR, SR B n] it A L T B s A A
2k,

(4) AR RAE SRR RO, RSN I e
i g 4 J0 A TLAR I iy R A PR AP L
il AR BURAHE T (A A AL AP
7, 51 A R A IR RS

(5) B AAR AL L, AT AT
LB, R TR AR SCEOAR AR AL,
BEARAS K5 B RIE BN A AL B0E

&% 3k

[ 1] 5855, Mok, EEME, % FRELRAN A 15 KA BEEUR ]
SEBAWLI]. %KMK, 2022, 48(s1) : 68-72.
GUO F, CHEN Y, WANG G T, et al. Present situation,
problems and development suggestions of rural domestic sewage
treatment in China[ J]. Water & Wastewater Engineering, 2022,
48(sl): 68-72.

(2] MLIE, skl , R, & ARG KESSEER
FARBURSBITCIR[1]. FERHE, 2020, 33(4) : 74-78.
ZHAO Y G, ZHANG J Y, WANG B W, et al. Status and
research progress on sewage ecological treatment technology in
rural areas[ J]. Environmental Science and Technology, 2020,
33(4): 74-78.

[3] A8 RENGAEBEECARDI IR ].
2020, 46(6) : 76-82.

YANG S M. Progress on wastewater treatment technologies in

HH R

rural area[ J]. Environmental Protection Science, 2020, 46(6) :
76-82.
[4] LIUST, ZHANGY C, FENG X J, et al. Current problems and

countermeasures of constructed wetland for wastewater treatment ;

[10]

[11]

[14]

A review[ J]. Journal of Water Process Engineering, 2024, 57.
104569. DOL: 10. 1016/j. jwpe. 2023. 104569.

VYMAZAL J, LASKA J, HNATKOVA T. The retention of
nitrogen and phosphorus in aboveground biomass of plants
growing in constructed wetlands treating agricultural drainage
[J]. Ecological Engineering, 2023, 194. 107044. DOI;
10. 1016/j. ecoleng. 2023. 107044.

CAI'Y, LIANG J, ZHANG P, et al. Review on strategies of
close-to-natural wetland restoration and a brief case plan for a
typical wetland in northern China [ J]. Chemosphere, 2021,
285: 131534. DOI. 10. 1016/j. chemosphere. 2021. 131534.
SALAH M, ZHENG Y, WANG Q, et al. Insight into
pharmaceutical and personal care products removal using
constructed wetlands; A comprehensive review [ J]. Science of
the Total Environment, 2023, 885, 163721. DOI. 10. 1016/].
scitotenv. 2023. 163721.

PAREI A N, NAEENI ST O, AKBARI Z. Application of hybrid
vertical flow constructed wetland systems to treatment of greywater
for their use to irrigation in rural areas[ J]. Journal of Cleaner
Production, 2023, 412; 137368. DOI. 10.1016/j. jclepro.
2023. 137368.

DECEZARO S T, WOLFF D B, ARAUJO R K, et al. Vertical
flow constructed wetland planted with Heliconia psittacorum used
as decentralized post-treatment of anaerobic effluent in southern
Brazil[ J]. Journal of Environmental Science and Health, 2018,
53(13): 1131-1138.

MUNIR R, ALI K, NAQVI S A Z, et al. Green metal oxides
coated biochar nanocomposites preparation and its utilization in
vertical flow constructed wetlands for reactive dye removal:
Performance and kinetics studies [ J]. Journal of Contaminant
Hydrology, 2023, 256. 104167. DOI. 10.1016/j. jconhyd.
2023. 104167.

WANG R, ZHANG X, YANG S, et al. Enhanced nitrogen
removal driven by S/Fe®* cycle in a novel hybrid constructed
wetland [ J ]. Journal of Cleaner Production, 2023, 426;
139113. DOI: 10. 1016/j. jclepro. 2023. 139113.
GARCIA-AVILA F, AVILES-ANAZCO A, CABELLO-TORRES
R, et al. Application of ornamental plants in constructed
wetlands for wastewater treatment; A scientometric analysis[ J].
Case Studies in Chemical and Environmental Engineering, 2023,
7. 100307. DOI. 10. 1016/]. cscee. 2023. 100307.

HERAZO L C S, MARIN-MUNIZ J L., ALVARADO-LASSMAN
A, et al. Full-scale constructed wetlands planted with ornamental
species and PET as a substitute for filter media for municipal
wastewater treatment:
community[ J]. Water, 2023, 15(12) . 2280. DOI. 10. 3390/
w15122280.

WANG T, ZHU B, ZHOU M. Ecological ditch system for

An experience in a mexican rural

nutrient removal of rural domestic sewage in the hilly area of the
central Sichuan Basin, China[J]. Journal of Hydrology, 2019,
570. 839-849. DOI. 10. 1016/j. jhydrol. 2019. 01. 034.



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 43 ,No. 9,2024
September 25th, 2024

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

CHEN L, LIU F, WANG Y, et al. Nitrogen removal in an
ecological ditch receiving agricultural drainage in subtropical
central China[ J]. Ecological Engineering, 2015, 82 487-492.
DOI; 10. 1016/]. ecoleng. 2015. 05. 012.

KUMWIMBA M N, MENG F G, ISEYEMI O, et al. Removal of
non-point source pollutants from domestic sewage and agricultural
( VDDs ) :
mechanism, management strategies, and future directions [ J].
Science of the Total Environment, 2018, 639, 742-759. DOI;
10. 1016/]. scitotenv. 2018. 05. 184.

LIU F, WANG Y, XIAO R, et al. Influence of substrates on

runoff by vegetated drainage ditches Design,

nutrient removal performance of organic channel barriers in
drainage ditches[ J]. Journal of Hydrology, 2015, 527. 380-
386. DOI. 10. 1016/j. jhydrol. 2015. 04. 049.

ZENG M, LI Z, LIU Y, et al. Efficient rural sewage treatment
with  manganese  sand-pyrite  soil infiltration  systems:
and emissions reduction [ J ].
Bioresource Technology, 2024, 393 130021. DOI; 10. 1016/]j.
biortech. 2023. 130021.

JIANG Y Y, SUN Y F, PAN J, et al. Use of dewatered sludge

Performance, mechanisms,

as microbial inoculum of a subsurface wastewater infiltration
Effect on start-up
Environmental Science, 2017, 43(4): 595-601.

YANG P, HOU R R, YUAN R F, et al. Effect of intermittent

system and pollutant removal [ J ].

operation and shunt wastewater on pollutant removal and
microbial community changes in subsurface wastewater infiltration
system[ J]. Process Safety and Environmental Protection, 2022,
165 255-265. DOI: 10. 1016/j. psep. 2022. 07. 020.

R0, AR, MR AR AU T2 A AR A TR S K T
Hifrikm )], SMRRHE, 2023, 29(3) : 18-22.

LI J, AN L Y. Design and operational test of earthworm
ecological filter process for treating rural domestic sewage[]].
Environmental Protection Technology, 2023, 29(3) . 18-22.
CHENG P. Performance of purifying synthetic high-strength
chemical fertilizer wastewater by earthworm eco-filter system[ J].
Asian Journal of Chemistry, 2013, 25(18) ; 10050—-10056.
T, TR, dkAk, . bR A 2 U T R A T S
KR BEGALRCR )], 5 TR 2], 2012, 6(3): 714-
718.

GUO F H, WANG L M, ZHANG ] B, et al. Study of earthworm
ecology filter for rural sewage purification[ J]. Chinese Journal of
Environmental Engineering, 2012, 6(3): 714-718.

WEPRE, Edd, ARZE. IWRERMRRA TG KB T2
TF[I]. AR R Z AR (FAARHER) L 2017, 48(6) :
911-917.

YAO Q F, WANG J Y, ZUO C A. Discussion on low-cost rural
sewage treatment technology in Shandong province[ J]. Journal of
Shandong Agricultural University ( Natural Science Edition ),
2017, 48(6) : 911-917.

FAEsz, WA, XIWe, . A TS - A TR A B
PEIETEK ], KAEHECAR, 2017, 43(8) : 87-89.

[27]

[28]

[29]

[30]

[33]

JIANG T L, WANG C P, LIU X J, et al. Pilot-scale study on

rural domestic wastewater treatment by constructed rapid
infiltrationand constructed wetland [ J ]. Technology of Water
Treatment, 2017, 43(8) ; 87-89.

MG, AR, VP, L ANTAE - N TR - 5 T
WP AR A TE T K [T]. LAl Bl 2016, 44(6) .
519-521.

SUN P, CUT K P, XU W Y, et al. Artificial fast infiltration-
artificial wetland-floating island process for treating rural tourism
domestic sewage [ J]. Jiangsu Agricultural Sciences, 2016, 44
(6):519-521.

WEPH, R, I, . A TS — RS T A TR
H R K TRIE RSB S FHBFFE(T]. AT, 2019, 46(2) .
99-101.

YU Y, FENG X, LIS S, et al. Application of constructed rapid
infiltration integrated equipment for constructed wetlands
wastewater treatment[ J]. Guangdong Chemical Industry, 2019,
46(2): 99-101.

Fadr, BV, Kz, AFEK NG T AT - e 95
NERGHEABCR[T]. BB TR, 2014, 32(11): 37-
40.

WANG Q J, ZHU P, SONG J J. Removal efficiency using
wetland-constructed pond combined system under different
hydraulic loadings [ J]. Environmental Engineering, 2014, 32
(11): 37-40.

KOTSIA D, DELIGIANNI A, FYLLAS N M, et al. Converting
treatment wetlands into " treatment gardens" ; Use of ornamental
plants for greywater treatment [ J ]. Science of the Total
Environment, 2020, 744. 140889. DOI. 10. 1016/j. scitotenv.
2020. 140889.

RS, P, B, & AR/ R E R T2 A AR
AEETSRLI]. RESKEK, 2008, 24(10) : 67-69.

LI S, SHAN S D, ZENG L H, et al. Treatment of rural domestic
sewage by constructed wetland/stabilization pond process [ J].
China Water & Wastewater, 2008, 24(10) ; 67-69.

R, X8, ZRAT5, % AR - A TR -FRUE s
GHESRGA R R HEEKT]. R TRE, 2018,
36(12) : 70-74.

YANG F F, LIU F, LI H F, et al. Application of integrated
process of biofilters-constructed wetland-stabilization pond in
decentralized rural wastewater treatment system in south China
[J]. Environmental Engineering, 2018, 36(12) : 70-74.
E, TR, Fit4r, 4. sl A AR - A T 54
iR T A B g Bk [J]. /KAPHIEAR, 2018, 44(7): 90~
94.

DENG Y, HE C, NI F Q, et al. Livestock wastewater treatment
by the combined device of vermibiofilter and constructed wetland
at low temperature[ J]. Technology of Water Treatment, 2018,
44(7) : 90-94.

EFR RS M55 98 . 2015207610978 [ P].
09-29.

2015-



FZREIL, X, & M, 45

AR 1 15K AR S AL BEEOR IS it J

Vol. 43, No. 9,2024

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

WANG Y F. Insulated tower earthworm filter: 2015207610978
[P]. 2015-09-29.

TERNR, kB, mA R, & —FEE THRAIE R Uk
W5 A= 2598 . 2013205146320[ P]. 2013-08-21.

WANG L M, ZHANG Y M, GAO Y X, et al. A tower type
earthworm ecological filter with warming effect: 2013205146320
[P]. 2013-08-21.

LIAO Q Y, YOU S H, CHEN M H, et al. The application of
combined sewage treatment technology in rural polluted water
prevention and control [ J ]. Applied Mechanics and Materials,
2014, 507, 782 - 785. DOI; 10.4028/www. scientific. net/
AMM. 507. 782.

EiR, AT, BT Bk T AL A+ A TR A
AR | P b DR AR T 5 K AR B R T BR
iR, 2015, 28(5) : 33-37.

KUANG W, WANG X Y, ZHANG S S. Application of waterfall
aeration contact oxidation combined with constructed wetland
technology in rural sewage treatment[ J]. Environmental Science
and Technology, 2015, 28(5) . 33-37.

MRk, TRE. KA EMAE—EEERAA LR
ARPRAAS AR TS RBESE (D], A7KHEIK, 2012, 48(4): 40-
44.

ZHONG Q S, WANG J Y. Study on anaerobic-contact oxidation
treat rural

2012,

ditch-vertical subsurface constructed wetland to
domestic sewage[ J]. Water & Wastewater Engineering,
48(4) . 40-44.

R, BRI, RECE, & EY ASHEGEARS AR 4
TERIFFE(T]. PEAKHEK, 2008, 24(17) ; 1-4.
TANG J, LU X W, WU Q P, et al. Study on bio-ecological
combined process for treatment of rural domestic sewage [ J].
China Water & Wastewater, 2008, 24(17) . 1-4.
XF . A S A HOR AL BN A= 3 5 K 5T [
AU ARFRSE, 2006.

LIU J. Study on the process combined with bio-ecological

D]. w

technology for rural sewage treatment [ D ]. Nanjing: Southeast
University,, 2016.

EREME. A BURHE Yy s Tt A PR T 5 7K SR A SR B T
MR D], 9%, PSR, 2016.

WANG K P. Optimization of mixed packing bio-tricking filter
process in treating domestic sewage-enhanced nitrogen and
phosphorus removal D].
and Technology, 2016.
BRE, VEARIH, oV Bt AR 4 s it - A 3 b b P
BRAEIEEARBITEL )] KAEIEAR, 2018, 44(5) : 93-97.
HUANG Y Y, XUDY, JIRP. Study on rural sewage treatment

Xi'an: Xi'an University of Architecture

by improved biological trickling filter-artificial wetland [ J ].
Technology of Water Treatment, 2018, 44(5) . 93-97.

Rfh, BHE, RIETT, & KA/ ko il A TR T
ZREPARAS A T5K [ T]. R R4 (H AR |

[43]

[44]

[46]

[47]

[48]

[50]

[51]

2007, 37(5) . 878-882.

WU L, LUX W, WU HT, et al. Use of combined process of
hydrolysis , pulse trickling filter and constructed wetland for rural
sewage treatment[ J ]. Journal of Southeast University ( Natural
Science Edition) , 2007, 37(5) . 878-882.
LI K Q, REN W, WANG Q L, et al. Onsite treatment of
decentralized rural greywater by ecological seepage well ( ESW)
[J]. Journal of Cleaner Production, 2023, 393 136180. DOI:
10. 1016/j. jclepro. 2023. 136180.
ZHENG H, LIAO Y, CHAI H, et al. Performance and
mechanism of falling water enhanced tidal flow constructed
wetlands ( F-TFCW) for rural grey water treatment[ J]. Journal
of Cleaner Production, 2023, 404 136969. DOI. 10. 1016/].
jelepro. 2013. 136969.

WANG SY, HU C Q, CHENG F K, et al. Performance of a
combined low-consumption biotreatment system with cost-effective
ecological treatment technology for rural domestic sewage
treatment[ J]. Journal of Water Process Engineering, 2023, 51
103380. DOI: 10. 1016/j. jwpe. 2022. 103380.

LIUJ W, WEI Z R, XU S, et al. A novel enhanced bio-
ecological combined reactor for rural wastewater treatment:
communities [ J .

108991. DOI:

Operational performance and microbial
Biochemical Engineering Journal, 2023, 198
10. 1016/]. bej. 2023. 108991.

LIU D, GE Y, CHANG J. Constructed wetlands in China:
Recent developments and future challenge [ J ]. Frontiers in
Ecology and the Environment, 2009, 7(5) : 261-268.

XA, WIS, B, S5 EIbRBR R T K A S R
et ()], FE SRR, 2003, 19(2) : 93-94.

LIU C X, HU H Y, HUANG X, et al. Design for ecological
treatment system of rural sewage in the Dianchi Valley[ J]. China
Water & Wastewater, 2003, 19(2) : 93-94.

REE, BB, 20T, F R/ ok 78 A i Ak AT
WA FRARAS TSR], i E K HEK, 2007, 23(3): 57~
59.

WU L, LUX W, LIX N, et al. Combined process of anaerobic/
waterfall aeration contact oxidation/constructed wetland for rural
sewage treatment [ J |. China Water & Wastewater, 2007, 23
(3):57-59.

GEARTE ) AR, GEIRUE. M| AR S vl b AR R AR T TS KR
®OFELI]. PEZKHK, 2016, 32(11) : 16-19.

LIANG J J, PENG J, HOU S Y. Vermifilter process for
treatment of rural domestic sewage [ J ]. China Water &
Wastewater, 2016, 32(11): 16-19.

AU KR b —TH BE Hh— A T M Ak B AR A A T TS K T
[D]. BiA: RERE, 2006.

YU H. Study on the treatment of rural domestic wastewater by
hydrolysis tank dripping filter artificial wetland [ D]. Nanjing:
Southeast University, 2016.



