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A biological and ecological integration technology for removing TP from
rural domestic sewage

LI Jinzhong, LI Xueju
( Tianjin Hydraulic Research Institute, Tianjin 300061, China)

Abstract; A bio-ecological chain purification system, which integrates and optimizes physical settlement,
immobilized microorganisms, aeration by solar energy, and artificial wetlands, was constructed in this study. A
demonstration project, with a treatment capacity of 4 000 m’/d, was constructed in the Liuxiangying Village of
Jixian County, in Tianjin. The monitoring results over nearly one year show that, despite of the unstable and high
concentration of pollutants at the inlet, this technology can remove 95.4% to 99. 6% of TP, 84.53% to 96. 74%
of COD, and 88.03% to 97.98% of TN. The water quality at the outlet reached grade IV of the surface water
standards. The technology meets the requirements of simple and convenient maintenance, low investment, and low

energy consumption. The operation cost was less than 0. 15 yuan per cubic meter.

Key words: domestic sewage; physical settlement; immobilized microorganism; artificial wetland; integration

technology

AR AR N I A PR 38 R IR AN B A o
L AR, AT A PRRIK A 25 P85 1 e 7
HORBR M 2 TR BRI AR, Al R
DTG K S e K B T ELAR
IR PNIRDEHE s O R0 TR AVt ) = WL 22 SR TR
AL RGEAEHE TR TG KRR B B AR, )™
IEENEZ S

AT L5 5 K AR BRE AR BT A e T ] 1 i ke 2
TR B, 204 AR MR | B 98
A EEAADIEAR AN TRRHEAR . REATH b
FARE 5K AL 8155 A= Wy o RE DR 1] T A BILES &, SE B
TSR BRI B R AT LA 2 [ G Rcbr e
MEOR, B UE R G B A A PO AT B BTk
Pos B AALE S T AR A& ZERRRIS AT K

FBIUH < K H TR S R E A IUH (12ZCZDSFO1300 ) 5 /K 3 2 4 5 77 ol B F & T (201101060 ) 5 4 Ml B4 75 3 4 ) 5 H

(201101034)

YEHE RIS 224 (1970—) 5 RS m 2 TR, i+, B2 KAEIR S K AEBRBERIIE TAE, E-mail:1jz@ tjhri. com

<71 -



BT HEFEFA , FE M E Y AR RA LY
W TS o B AR NV AR T R
HAARM 2GR AL N P EBRBCREE, K
W FRAOK AR —E R 220, AN TR EAT 7
[OENEINGE TV € N TN Bl s iR o
A EAEAL 3 A I 5 K A 20 R B A e B
AL IL BT TG YRR N TR A ZE . S5 B AT
B B 15 KA BRI TAKS A 15 Kb B fiiz
AT RIS B T 148 A 73 2 TR 1) e LI o7 A A
A5 K AL B EOR

T EH XA A 3 75 KK BURFAE  HETR
RS AL BRER Ky BT R | 2 AR L K P
RS UM T30 3 25 22 TR A AR 1, e H —
AERAY A AL R G, S B R B A 3 15 7K 19
[SE SRS ISR P NE ¥ TR=D RIS O B v AN 2 N
AR X R AT 1a BRI, 20 iz ik &
XA {5 K TP A R BRACR .

1 MRS

HEM S R G h DR D | B E Tl A
Pty K BHAESS S0 0N T A2 4 4 S ZhRE L CA
Ji, 775 ) S bR ER RO 3O 4 DO B A
T ARG A A , [ AL AR P08 Tt 4 HEAE P A T3
AL BRI 3, R FHRESS S 7 T RUE Y s (L IX T 7,
N TR ZHHE R SR AR I, {5 /K IKUOR £ DR
A L [ RE AR B A it K BH RE G S i A T
o 4 AT RE A ICREOR R AE 25 (8] B A9 AR A 74, 2
AL UM EER AR BN A SE P — Al ThREfL |
ZEME RS AR LE Yl BETE 7 A A% A%
AR PEI, SOE LTI AS, A ZHAR B Py
CIE AL (BT

DUb 4275l 3 /S AH B 3% i 10 %% BT TE 2
B, AR PRSI SR AR TG TS K RS 1 K
PR 220 3 v, 56 1 i 3 E R BRI
FEM I ROON A 22 ) 20, PRI e PR A 1 i i
TEFE T, 557K AP P Y — R T A T A g
FCE KA TR A RO, A AR e
Rt AARVIRE TS, 57 2 Wkt — P Uie o s A
P55 1 MR B, 55 2 1t A S A R0 R e e U
A RIKAL T HEB R LIRS A R T 40N R )
AARLEsN . 2R 3 1t EEGRA A A0, 2800
2 WA RS AR K BEASE 3 3, FEAR FE A E AT
A BN AT Y SR IR B T O B R ERR,
HZEIRHEA T — AL BT,

181 5 PR AR 0t e A U A 0 B i, A
TERLR A LLAE Y RE 25 2E K RUE MR, 128

e 72 .

R BRI TR R EIF A KA, 5 KE
TR RHZ I 38 2 R AR PR 4 A DL B A
SRS FH B A LR R TOHLAE AT DR
N ICHLBRSE | DR 5 5 27 kb B R G XS Y M 1
FBRACR RIS [ R At s 4 PR SR A 2 1
PEA DLW K e i 2, HA A K37 A U R T
IEH

A 15 K 28 R A A i A B K i
AR BE I — A BRI, b TP T SRS R e 4k
T b A B 2R B8 A SR 0 ) A3 i . R B R S
1 BEVE R LA B R S 20 1, 38 2 N T4 it 184
To K PR R SRR, N 5 SRR M A BT o AR
AR AL R BH B 4e0he B T B A A4 K P
REAR (E L MESHL IS 2 R R, KIHRE
i i P, B P T B L BRI A
KRR

N T Hb 25 ) 2R e =X N T, e kb 3 e
JGH N T3S 7K A= A 0 0 B 325 A 35 o S R AR X
A ALK, Je— R R Y« 6 Atk
EERG, EZRGEH  MPIRTIRFUKNRE,
FEIAR 2R FSEURL A A PR L B A 2k A T et
TR Z M 4R A SR 7 S AR X SURL 2
T 420X T S T8 AR DX ) SRR 2 TR 1R AR i
X KR L IR X i S SR R 2 AR 2, [ 4
i AR PR L B AR SRS AR A A R, I T SE N
A LG Y W) AR B R Ak R BRTT L 5 A SR
HA B, I 2T T b e A [ AR AR A P
TR B4 = , R T Al R SR T b LA MG 55 1 Bl i, L
A TR A TR ORI T e £ T 5
P, T HAK AR SRR IZ LT Wi sh , AR 5 4 0
it 2 1 T FAE KBS AR o SO Ik A=
MW ZE AT A IR, A2 3] RS AR SR

2 ReIfE

JRAE TR TR T 8 B2 58 2 XA E A
WK TS L8 XU AR R /e Bk 4 4
AR IE K KR 2. 25 km® , A 4010 A, 757K
ACHRRAE A 4000 m?/d, EEALGAE IR TG K R
BEKAITR K, /RIE T AT 2009 4F 12 A HF R 8
1£,2010 429 7 26 H It /K Beisin,, i 1
5 WIS R b sk O (1 5 Db TS
K (2 45) R E AR RUE Db K (3 45) (R
FHAERS S K F1 (4 5) O N TR K (5 45) %%
B, TR S i e WL 1,

WA 2 Sy 4 TR BURE 1 Yk, TP 43T 7 %
IR B TN AR—H BE BT AT 6 OG B L AR S UV-



WA | s
T
'

KPBHEE | dosia | AT EBURES e
A i ik

vem e HEI AL DI N D)
EE Pl

7504¢ AT BAE)

R A WS D o 75 G R B, 0 T 45 b 3
TOXF TP 125 B LA K 3 A A BE T 2% TP 1Y & Bk
R, EBRBRAITREARX N

P _Pak = Pk % 100% (1)
Ptk

ZT:EEP:P ﬁ‘j TP j&&%%,% 3P ek \p.“H/kéj\%IJ%jﬂf‘tHﬂ(
FARAY TP BTit ik B, mg/ L,

3 RSN
ST /K TP B Wk BE AR AL & 2 Fs
207 —=— K
—— i 8 A A A it
~ 15} -~- @K
2 - - YL i
B | o AR G
=
= B
I 5|4
0le= e ’. O Py
s § 8§ = = g
$ = & ¥ % 3
S S = = — -
g ] 8 ] ] ]
W

2 HAMEBEITHE KK TP RERESTL

H P 2 W] LA Y, 7R3 T AR A E /K TP Ji Bk i
B AR AR, 76 1. 74 ~15. 72 mg/L Z[A] 3%
B, 2011 466 A 18 H TP Jif 2 I i #5751 32 2
PR BRURE T2 X80 /DN i R W, FR S R R I
DAL 3 6 322 3 /K I TR K 2E AN PR 3 2R v | - i 2
AVG 7K AL BRI T AR, 2R oK b TP it 2 ik
JER i, 3 A2 B ) B N i /K 98 S v TP ot R
B, R T REH K TP 5 v AR XIG, HLK R
BRHFE , B T2 RGEX AW KD E A
BRI R BRROR RS R A HKEREFE 0. 04 ~0. 24
mg/ L 2 [0], Fa e IR B M /K IV 287K Tbmofe

M TP MR R b a ok A R N TP
JoT e VR T AR K T AR DTORD 75t | T o Ak
A= Yyt AR FHRE R S Tt TP 5T 2 YR B AR AN T
FEEE ()R R (0T R R A A8/, U BH X TP A de
AIPRAE Y 32 0 M BT, it At BT X TP
LB EZOE R BEN ., DU | B2 L UE Y
b RN BH i R At B SR X TP A e & L BR /D,

(IER 5 Ry L (SR Ry N i g S IR VTR (AR LA
TP Jo H Vi FEE WA FRAIG, HE F2 B2 R P W T8 77
ok b, U TRD 2 5 W B BAT R o B VR RO %
TP AT —E 1 R BRECR

17 [ A e A 4 it = 8 2 R FH A R IR AR PR Tk
AR P IEAT AN 56 &2 00 i, iX AN 8 S R i
X SR BT X5 K P PR R A A
FIFIAEEN 18 A A P b b /N 4 P i
YRR UTREVE AR L5 bR, P R BLH IZ s N
TP Ju i i BE AT A /MR B2 R R

ANTIR X PR BRigfe 24 3 oy K.
ORI NAE R, P2 AR W 1A A 4 i 75 19 35 2278 597
TR EY AR RO R R i P I i [ AR
FHEAC R A B 1078 379 5, foe 2430 1 L ) 08
P KR P Q@B 2= AR, N TR SR
TAHRKER Ca Fe Al 50 Y U7, IXEETTRIEM A
Yoy BB B, 5 P 455 B R Ca-P Fe-P I
AL-P UTE s P BRUTTEVE AR P MK A 2235
I EYIVE R, P R4 B B A 0 40 i i i 7 B 4
BGR AT , A y BE a FE e R R K AR ) P kAT 4
B, AR LR IR TR AT ORI R P93 TP
AT X TP B IR R 2  H AT

JRIE T AL 45 A BT X TP 22 B K0 A8 4k W
K3,

100 'W—i—lwl—l_&l
75+ - DU —— || T A it
S —o— KA (it —— fiEhh
M50 L e BME
. A
H s
0 re n i aeslllehsint-datanld - L )
[*)) \O (o] — 0 wy
o Q T T o o
D — (o] <t \O (=]
2 n < P < S
[ o — — — —
> S = > > =
(o] N (o] N N (o]
H 191
E3 HEREHET TP EREMNTH

M 3 AT LAE R I TREXT TP A 2Bk
$95.4% ~99.59% , £ HLITRK TP (1 5 FR L
T H PR IT i K, K53 93.63% ~99.44% , K BHfE
SHTOXT TP [ R BRFILH] 0.55% ~25.4% , [ 5E
AT A YT TP () L BR 3R F 2. 46% ~23.07%
DURPFE5 %) TP (1) Bk 5 2. 88% ~35.63% .,

AN AR XT COD F1 TP ¥k i ] 45 W il 45 5 5
B AR L T 2% COD 1Y 25 BR R AT 3k 3] 84.53% ~
96.74% ,%F TN 9 2 Bk %1k 2] 88.03% ~97.98% .,
TV TR FH M 34522 T8 i, R R BHAESS 4, 75
KBS R OR T IEFE L BE . /K AL BB 4 000

« 73 .



m’/d, & ANE R BT, A AAE T 0. 15 Jo/m’,
FENBEEITIHAAE D AE 97

4 & it
I RVE TAE 1a BYZK B W, AT DAAS B AR
énlb

a. WA B AR AE AR IS 5 K Ak B R
Hﬁ?&*ﬁ 847 9 AR A BRI TP 22 BRAE
5 SOWBSCR AT GAT Y A BT (A 2N
b. AW ARSI ARXT TP HA WA EBRRL
B EBRFRILF 95.4% ~99.59% , K TP ¥k i ik
F b FIK IV IR Bl , 1875 RO I

SE

[ 1] B s AR AR TR 5 KA BEHOR SBORE R ()]
Hh R A AR AR S BRI, 2007, 7 (3) < 18-22.
(LIANG Zhu, NI Jinren. Treatment technologies and
approaches for rural domestic sewage [ J]. Journal of

China University of Geosciences:Social Sciences Edition,

2007,7(3) :18-22. (in Chinese) )

O RAESR. RAS KA P AR R[] 5 R E S

P 2009,34(3) :118-121. (CAO Qun, SHE Jiarong.

Treatment technologies for rural domestic sewage [ J].

[2

[

Environmental Science and Management, 2009,34 (3) .
118-121. (in Chinese) )

[ 3] W, EEE,B/NET, 55 RAHG KA BB AU K %
JERTR )] SEERLA 5 HE,2010,35(5) 83-85, 142.
(TIAN Jiao, WANG Yujun. LIANG Xiaomeng, et al. The
treatment technology situation and development prospects
for the rural sewage [ J]. Environmental Science and

Management ,2010,35(5) :83-85. (in Chinese) )

TRARME, AR IE, £ 5, 55, A AR T 15 7K A B AR AR

[J]. Rl S8R ,2005,28 (1) :81. (SU Donghui,

ZHENG Zheng, WANG Yong, et al. Discuccion on

treatment technology of rural domestic wastewater [ J].

Environmental Science and Technology,2005,28 (1) :81.

(in Chinese) )

OB, A R AR B U E I BORTE R

R ST U S [T ]. PR BT G 'ﬁli}im,zoos 27

(7):535-537. (WANG Xin, Li Peijun,SONG Shouzhi,

et al. Overview on immobilized microorganism technique

[4

[

[5

[

in environmental engineering[ J]. Environmental Pollution
and Control, 2005,27 (7) : 535-537. (in Chinese) )

[ 6] skRyzs A8 ok—1% 45, PRI <A kv T 2R3
TSR E S S ()], FREERLAA 54 HE, 2009, 34
(10) :101-103,112. (ZHANG Zunju, LI Lei, ZHANG
Yiting, et al. Treatment of the domestic wastewater by two
stage biological aerated filter[ J]. Environmental Science
and Management, 2009, 34 (3). 101-103, 112. (in

.74 .

Chinese) )

[ 7 ] B4R, RATT. B AW I8 T2 R Be 5 TR N
[M]. bt A7 Toll it , 2005 :65.

[ 8] X2, Zederh 22244, N L0 b AFDRE 45 14 X 7K B
AW SE[J] KA, 2008 (4) 4042, (LIU
Xuegong, LI Jinzhong, LI Xueju. Study on water
purification of different stuffing structure for constructed
wetlands[ J | . Haihe River Water Conservancy, 2008 (4) ;
40-42. (in Chinese) )

[ 9 ] KESKINKAN O, GOKSU M Z L, YUCEER A, et al.
Comparison of the adsorption capabilities of myriophylum
spicatum and ceratophyllum demersum for zinc, copper
and lead[ J]. Engineering in Life Sciences, 2007, 7(2) :
192-196.

[10] HONG Y, HU H Y. Effects of the aquatic extract of
arundo donax L. (giant reed) on the growth of freshwater
algae[ J]. Allelopathy Journal, 2007, 20(2) ; 315-325.

[11] SHALTOUT K H, GALAL T M, EL-KOMI T M.
Evaluation of the nutrient status of some hydrophytes in
the water courses of Nile Delta, Egypt[J]. Journal of
Botany, 2009 1-11.

[12] ZHANG X B, LIU P,YANG Y S, et al. Phytoremediation
of urban wastewater by model wetlands with ornamental
hydrophytes [ J ].
2007, 19(8) : 902-909.

[13] s, e, 5y, 5. N TR RO 2 75 1k
e[ J]. KALFFE A, 2007, 33(5) :4548. (TANG
Xianqiang, LI Jinzhong, LI Xueju, et al. Comparison

Journal of Environmental Sciences,

between performance of pollutant removal by different
packings in constructed wetland[ J ]. Techonlogy of Water
Treatment, 2007, 33(5) :45-48. (in Chinese) )

[14] 7223, 58 . AR A 00 15 /K AL BRE AT S8 9E Ji B i itk
WA T]. R, 2010,23(3) :68-71,75. (HE Anji,
HUANG Yong. Research progress and improvement of
rural wastewater treatment technology[ J]. Environmental
Science and Technology, 2010,23 (3):68-71,75. (in
Chinese) )

[15] #oloke, zH . N TIRHA Y /e SR R[],
b 4 b B2, 2008, 12 (2) : 63-64. (XU Guanglai,
YUAN Xintian. Functions and influencing factors of
macrophytes in constructed wetland[ J]. Journal of Hebei
Agricultural Sciences, 2008, 12 (2 ). 63-64. (in
Chinese) )

[16] ZE5e% B SOF. N T3 9 76 15 /K A B R 42 b (1 4R
B[], BREERE 5458, 2007,32(9) :65-67. (LI
Baohong, CAO Wenping. Plants funct ion of constructed
wet lands in sewage treatm ent system[J]. Environmental
Science and Management, 2007, 32 (9):65-67. (in
Chinese) )

[17] 4B P, B0 BTG, 5. NI Hb SFORL R B AU W1 B
WESEL T ] 75 AR SR TR 2 Be 2 4k, 2006, 23 (2) : 7-8.



(CUI Yubo, DONG Chan, ZHAO Lihui, et al. The
performance study on adsorption of the filled material in
constructed wetland[ J]. Journal of Jilin Architectural and
Civil Engineering Institute, 2006, 23 (2).7-8. (in
Chinese) )
[18] STEER D, FRASTER L, BODDY J, et al. Efficiency of
small constructed wetland for subsurface treatment of
single family effluent [ J ].
Engineering,2002 (18 :429-440.
REARWE. A TR AL A A A 15 15 K iU BEFE [T ]
FHAFLF 2007,35(4) :1104-1105. (YING Junhui.

A study on constructed wetland for treating the rural

domestic Ecological

[19

[

domestic wewage[ J]. Anhui Agricultural Science, 2007,
35(4); 1104-1105. (in Chinese) )

[20] BT, B0 A, 5. N IR ARSI WL F K h &
WERBRATTERLT]. AR A5, 2004,24(8) :1720-1725.
( JIANG Yueping, GE Ying, YUE Chunlei, et al.
Nutrient removal role of plants in constructed wetland on
sightseeing water [ J ]. Acta Ecological Sinica, 2004, 24
(8):1720-1725. (in Chinese) )

[21] & P20 ARk, B 2. T30 b A A ) 2E A 2 R
HOXE TN A TP B[ T ). RS 5, 2007, 20
(3):75-80. (JIN Weihong, FU Rongbing, GU Guowei.
Plant growth characteristics and nutrient uptake from
eutrophic water in constructed wetlands[ J]. Research of

Environmental Sciences, 2007, 20 (3 ). 75-80. (in

Chinese) )

[22] ZRR, ARk A TR 75 K b 2 i 25 BR L OF
R [1]. BER 34, 2000, 12 (3) : 32-37.
(LIANG Wei, WU Zhenbin. Progress of studies on the
mechanisms of removing nitrogen and phosphorus from
sewage in constructed wetland[ J]. Environmental Science
Trends,2000,12(3) :32-37. (in Chinese) )

(23] AR, mLrE A4, 55 JUM KA Y e A 05 5
KB AR BRI PETE T ]. K L ORFF2A41R 2004 ,18
(4).7792. ( YUAN Donghai, GAO Shixiang, REN
Quanjin, et al. Study on purified efficiency of phosphorus
and nitrogen from domestic sewage by several macrophytes
in vertical flow constructed wetlands[J]. Journal of Soil
and Water Conservation, 2004, 18 (4): 7792. (in
Chinese) )

[24] TG foa B 2%, 45 AP X SR A B A
AmA R FE [T ], PRERLEAT 5T, 2007,20 (1) : 64-68.
(XU Zhiguo, HE Yan, YAN Baixing, et al. Response of
wetland plants to nitrogen and phosphorus inputs [ J ].
Research of Environmental Sciences,2007,20(1) :64-68.
(in Chinese) )

[25] BRIX H. Treament of wastewater in the rhizosphere of
wetland plants the root zone method[ J]. Water Science
and Technology, 1987, 19.107-118.

(Weki B 3812012 -07 -05 Sl B9 30)

(E#% 27T W)

[ 7 ] SAYIT A P, YAZICIGIL H. Assessment of artificial aquifer
recharge potential in the Kucuk Menderes River Basin,
Turkey[ J]. Hydrogeology Journal ,2012,20(4) :755-766.

[ 8 ] AL-ASSA’D T A,ABDULLA F A. Artificial groundwater
recharge to a semi-arid basin: case study of Mujib aquifer,
Jordan[ J]. Environmental Earth Sciences,2010,60 (4) .
845-859.

[ 9] 2R, AM, RiEE. T RN TEERARLZR]T].
o [ [+ B IR 4257, 2008,21 (3) :41-48. (LI Hengtai,
SHI Ping, WU Haixia. Artificial recharge technology of
groundwater [ J]. Natural Resource Economics of China,
2008,21(3) :41-48. (in Chinese) )

[10] BkWr 2%, R4, 55 0 74 S JAR et 60T s i 7K 3l
SEERIE[R]. ®BL o E R (R,
2010:9.

[11] S kW, T, 5. SUR b N R BUA R I
AL S BT, 22N R A AR, 2007,
43(3):18-22. ( SANG Xuefeng, ZHANG Mingquan,
WANG Hao, et al. Visual simulation and management of
groundwater in Dunhuang Basin[ J]. Journal of Lanzhou
University ; Natural Sciences, 2007,43 (3):18-22. (in
Chinese) )

[12] BGRB8 H R SO 2F St DK SO 5T -5 #1058 3
JREr G EAR S [ R ] 22 - H A 2 5 P05 1 D0 B
2008.

[13] BRE:A AR R K e[ ML B v b oK 2
At 2006 :13.

[14] RERR. A LRENBBERESRMBERL)]. T
FE%L,1993 (1) 4445, ( DENG Huisen. The vertical
permeability coefficient and radial permeability coefficient
of strata[ J]. Geotechnical Investigation and Surveying,
1993(1) :44-45. (in Chinese) )

(ki HI%:2012-07 -22 St 1% )

<75 -



