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Table 1  Pollutant average concentration of the rural domestic sewage in Li River watershed

FEfhE COD/(mg - L") A/ (mg-L7') BE/(mg- L") H#E/(mg-L7")  S9/(mg-L7") pH

39 50.2 ~320.5 8.5~50.5 15.2~55.6 2.0~6.0 100. 0 ~250.0 6.5~7.5

F2 REHKKR
Table 2 Characteristics of the influent feeding to combined process

COD/(mg - L") A/ (mg - L") M/ (mg - L") M/ (mg - L") SS/(mg - L") pH

42.1~296.0 6.8 ~44.7 10.3 ~51.8 0.9~5.2 72.0 ~160.0 6.7~17.4
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Fig. 6  Various phosphorus forms along the flow direction

RGP SIS BEN AL AR A -, A
T 37 rp R B TR A e R R T R o 1 i R
JE 3K A TR, T R R A Y KRR
B AT A A T B S M 1 A ) A Ak
NI 3% i &I A vk BE 388 i o
DRARA 0 S0 #48 % Jle  JE A F  f

P TE B R £k 1) 25 BR 2R 0 ] J2& 38.8% . 19.2% FiI
14.9% , AR TI0 o0 SO BV i Ik e A
VoS R TE W IR R 1 2 B R 43 T2 61.2% . 80.8%
F185.1% , NTimh 1"F0 2" X s i B Rk 8] T
50% , HUEA] LN T 38 i WSCHEURE X G 25

Prifesl T EEAEM, BB AR EE SR
UL DR T T A TR A 1 b 3 P i S S
B8R BRAEMMUTREER, TS BB R
HIFINRGE P EBR .

2.2.2 pH x4 ¥ ra  Reddy " 7EWFIE &
R, N v g ol T 38 3 T O B8 B T B
Refr, b, pH (HEH EZIEH, ABE W2
TR, EHbd WSC 3R 32 3L %4y 2 4k
EEA AR RE, Rt BT ATRIE S, HK
pH {HF1 R G i i LB R AR R A a3, iR
PrBc R GuihoK pH (AR, BB ARRGE, ME
AT E I, dok pH BB TS, BERER
RIE—EVO B N o X2 TN T8 e B i
MoEHETG K pH TR, NI E R R Eh 5 45 55
TR DIE. B EK S 3% i, pH [ TR,

AP o A e ) R B T R e, R S
Thi, AR ARUZEYZ L Z, Y

AR, SR R AR A AR R R B T
—EME, HOEAS R G R 2 B A R AR AR AE
B K

100 - - ZiEE - pH 18.50

80 48.00
o
S 60f 17.50
% o
& 4ot 7.00 =
.H4 .

20} 16.50

0

6.00

B7 SBEREREM pH EHEN
Fig. 7 Variation of pH and removal rate of TP

2.3 COD, SS ¥k

2.3.1 COD #¥ %1k COD gyt anE 8 or
/Ro BfTHIE COD PR RSN, fE42.1 ~
296.0 mg/L &4k, {HH KA X E, 4.1 ~
48.0 mg/L, P LBRARNy 76.4% . F G 4T Hl
W, W TR AR, RS Y S A% P B 3
BHEBRSCR A, N LR COD By R ] 3
ZHEM . BARKTFREBAR, HXF RS H KB
A RKFEM o X I 1T R GEIE AT AN TR i o
SEONA HLYIE BIAR G i W e A AR B R . R
TR, REAEY RN AR X COD R 22 BRAICR R



256

(E NI N N NI S

2011 4¢

K&, N0 ) 2 R A P DUy 5 o A B RN
Mk A L R A . B A R 58 A iz A7 3 [R) %)
COD iy B —H IR FF A, 17k COD 53] T
CHERTE KA BR) 15 e HEscbn i) - (GB 18918—
2002) HH—Z A bRifi,

2.3.2 SSeykhrr WK 9 AIAL, HEK SS HEEH
72.0 ~160. 0 mg/L, P BIAER o DRAAE W) SO 4 %oF
SS By BRE R FELAEH, X JE i T V5K TE R A
W2 BRGF A TTE MBI LR E ] . REERE T,
NIRRT SS iy BR8] T — & /EH, i th 7k
SS HEFRFERARIK Yo REUBATHIM, SS ZERFCRA
fag, (HE AR HZ SS HKFEAREFF/E 10 mg/L
PIR, EERBREFE 90% LL I

K e AR HUK - A TR

350
~ 300}
;
2
. 250
5200
g
=
8 150 »
C 100 A
2
Q / \_./l’\ r'
501 ./'\.\'\-\./ . \"/
O 11 1 / 1 1 1 1 11 11 J
< OWV) TN OO H\O <+ AT ONMNOVNAINATOTO N
YT TV ‘T“?C.T'T”\.'C.’TF\.'"?C.’T‘T"T“?C.’T(T"T‘
—_— NN O] = —— NI T OO OOOS -~
TTTOTOTITRRS qqqqqqqqqquqqqqo’qo‘
OOEOOOOOO OOCOOOOOOO OOOOOOOC
[ Na le Ko No e N ot le\| [S KSR N Ko e Na Nol oS ot I of o oS Nl B o\ oS oS i ol o8]
BITHH

8 HATZ COD XHBHHR

Fig. 8 COD removal in each unit of combined process

—— K e REEMRBIAR K - AT K

160

-

;0120/\\/‘

E

= 80

g /\//

< 40 \-\

Q / \//-\ ~m
0 1
S 8 T 8 =2 & 8 3 3 3 &8 2 &
= = & 2 3 2 3 2 22 5 ¢ ¢
@ @& & o S S D LS S S
2 2 8 s g S 23323 g =
(S} N o o o N o o o o N o (]

BITHM
B9 HETZ SS KBUR

Fig. 9SS removal in each unit of combined process
- N

3 4% i
(1) FH “RELEY L + R GRA

TR A T AR B TR AR A R TS 15K
PR W) B s AR A2 45 TN TR b i HRT 53
Bk 24 F148 h, PEK COD ¥ 7 42. 1 ~296.0

mg/L, tH7K COD fy#EMET 50 mg/L, sk SS ¥
FEAE 72.0 ~160. 0 mg/L, H7K SS ¥REELE 10 mg/L
PR, 830 (BTG K AR B 15 G W HE il b )
(GB 18918—2002) Hifili—g% A Hrif,

(2) #HKEAN10.3 ~51.8 mg/L, zf7iH[H]
BEEYERR N 30. 7% , f A H K E R R
16.0 mg/L, FEKEA N 6.8 ~44.7 mg/L, iBfTH

SARTH F TN 42.9% , H KV E
12.3 mg/L, ARRIZEVTAIMENE > HF > 4K
A AANERELZHBRESTATIR
ﬂWdi%W%ﬂﬂﬂﬁ%%%%%,ﬁﬁiw
SV A TTIRBCAR, SV A R R R R
ey, e T AT K U

(3) HAREBER 0.9 ~5.2 mg/L, B4R
BIRBREN 72.3% , K FEMEE R 0.76 mg/L,
e ZE Bk KPS 0. 49 mg/L, W LLikAR
Hoilt, RGNS AR BBERILA -, &
WL LA AR 0 R I S 2 I R IR R 1 R R R A Bl
51 83.0% . 82.4% , 84.1% . pH {HxF Ak EK
A H TR

(4) “IREAED A + BRE SR TR
AT L% COD, SS R Y 2 bRk Rt
R RRE 325 . mI R 76 DR SR 0 R 1 46 i 34
INFEARSEE, WK P MERE, RBEREN
ﬁ%%ﬂﬂ%oﬁﬁmﬁﬁiiﬁuﬁﬁﬁﬁk
ML B A RGBT BT, AT
BLAFTHH, X T AU AR E R I A M
R VEAEH 2L, nIBA PR TS KA RS A 15 175
BTN AR, XU T Ak L X ik = AH ¢
IMREARN G I AR RS S0, % At
Hb DR P AR 5 PR BT R T ORI, X e i DX ) AR A R
x+ﬁﬁk FEHEBAM. HORE . BEFEIL. B

P GRS X T WA KRR X,
%ﬁ'hﬁ/a\ﬁﬁi MR = B HLIX

SE Lk

(1] BREdE REVKIREETS Bk L pE (1]
Hi5H, 2008, 35. 187 - 188.

[2] 22, B4, F55, 5 BILRGR XU R/NIEA:
VKA B ARG [C] /58 =0 AR & R 2 A AR WHT
2304, 2009 384 - 386.

éo s 2K

IR



%52 1 255 AR LR TR 15K o R Y L BRACR 257

[3] 2k, PRUINE, BOufe, 45 Toahy. WIBBEGURER  [7] REmW, e, R3E, % DU A TR AL B A I

GEb BEAR KT ARV OK [T T E 4K HEK, 2008, 24 TRITRIRROR RS [T]. HAR T2 Be# 4, 2008, 28
(20): 43 -45. (S): 76 -78.

(4] FHAL ATRRME KA BAE SHEA [M]. dtat: BF [8] EEHMGUR. KRB Mk [M]. 4 6. Jbat:
22 EgRL L 2007: 8 9. op E R BERE AL, 2002, 230 -359.

(5] 2k, THM, mEF, % AFRATRBERERBEYE (9] R4, RE, BUkF, % AT Y X RS
REikEe [J]. AEARIETR2%4%, 2010, 30 (4): 603 - P SE ARG BOR B HARSCAr T [T]. BRI AL 2 0,
607. 2001, 21 (5): 622 —624.

(6] 3, Zab, TAM, % WHATEBATZEIRE  [10] Reddy K R. Fate of nitrogen and phosphorus in a wastewater
BB ABRBERCR B (], AR 2F B¢ 4k, 2008, 28 retention reservoir containing aquatic macrophytes [J]. En-
(S): 112 -114. viron. Qual. , 1983, 12 (1) 137 - 140.

Nitrogen and Phosphorus Removal from Rural Domestic
Wastewater in Combined Process

XU Zhi-fen'"* | LI Jin-cheng'®"”, MO De-qing’, QUE Guang-long'"*, LI Wen-wen', SUN Xin"",
SU Chun-liang", HUANG Lang-fei'*
(1. a. College of Environmental Science and Engineering; b. Guangxi Key Laboratory of Environmental Engineer-
ing, Protection and Assessment, Guilin University of Technology, Guilin 541004, China; 2. College of Life
and Environmental Science, Guilin University of Electronic Technology, Guilin 541004, China)

Abstract: Nitrogen and phosphorus removal by “ Anaerobic bioreactor + Subsurface horizontal-flow compound
wetland” for rural sewage treating is studied. The total nitrogen varies from 10. 3 to 51. 8 mg/L, ammonia from
6.8 to44.7 mg/L, while total phosphorus ranges from 0.9 to 5. 2 mg/L in rural domestic wastewater. At anae-
robic bioreactor’s HRT of 24 h and artificial wetland’s HRT of 48 h, the average removal efficiency for TN, am-
monia and TP are 30. 7% , 42.9% and 72.3% , respectively. The treatment performance ranks in a descending
order as following: summer, spring and winter. The major mechanism for COD removal in combined technology
is hydrolisis acidification, matrix interception and microorganism metabolism. The total nitrogen is mainly re-
moved through microorganism function and plant absorption in artificial wetland, while the total phosphorus
mainly through matrix absorption. In order to improve the overall TN removal we can set an oxygenation equip-
ment after anaerobic bioreactor, which can improve DO in wastewater and increase the nitration ability in artifi-
cial wetland.

Key words: combined technology; rural domestic wastewater; nitrogen and phosphorus removal



