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Abstract Three-compartment septic tank (TcST) with high concentrations of effluent COD, nitrogen and
phosphorus would cause local water pollution or black odor when tailwater was directly discharged or overflowed.
In view of the above problems, an equal-volume five-compartment purification tank reactor (FcPTR) was
constructed and, taking actual domestic sewage as the treatment object, the operating characteristics and unit
pollutant removal cost were compared and analyzed. The results revealed that when FcPTR operated continuously
for 120 days, average concentrations of effluent COD, TN, NH}-N, TP were 74, 26, 20, and 1.6 mg/L, respectively,
which could reach Class II of local standards for water pollutants discharge from rural domestic facilities that had
been issued by 11 provinces (autonomous region, municipality directly under the Central Government) in China
when applied in rural areas where the quality of the influent water was similar. The removal of nitrogenous and
phosphorus-containing materials was promoted by the growth and metabolism of Proteobacteria on the filler and
sludge in the anaerobic baffle zone and aerobic zone. Compared with TcST, FcPTR could significantly enhance the
degradation of organic matter and denitrification and phosphorus removal, and improve the shock load resistance.
According to cost accounting, when operating for 10 years with the same design volumes and operating scenarios,
FcPTR could reduce the cost of 1 kg COD and 1 kg NH;-N removal both by 19.8% compared with TcST.

Key words domestic sewage; three-compartment septic tank (TcST); five-compartment purification tank reactor
(FcPTR); decentralized wastewater treatment; operating characteristic
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b 1 7K TG 0 A D) R A A T R O L HE A
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Fig.1 Schematic diagram of experimental device
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BHRTS PR IBURE 15 75 TeST ik K 1 PR A5 AL
BCETG KU
1.2 R

FcPTR H PRI DX 48 DR FH Y PU S0}
Je— M IIBEVER G W), BA DU 1A, i A
45 B BIRRRALBUAN DU Sl M A KRB P, i ke
B 7 SCAETURHVER], B T KA BRALCRM, AR
1 98 DX A A K s OB R AL 2, B R Ay
FEARE, BEMS SE R AR M R A AR 0 A 5 A, Kl
FURHA RS I BENH-N | TP 5524, 4271 7k K
JREPS 2 FECRHREE L 1.
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Characteristics of PU filler and volcanic rock filler

hRmEA oK% EFER/ %
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Table 1
el B /mm LB/ %
PU  30x30x30  96~99
KiliE HAR M8 65

12 m¥kg 65 80

1.3 Bk BT

TR FH A 52 7 51 B X B0 51 g /N X A T 5 K
YRR K, HoK LA 2. B el A st s
KA B R AR Sl A At N 2 N AR AR
T 30%. IRAEIX MG IESEL: IR A W4 &M
BRI E (MLVSS) l 3 643 mg/L, IR A1
TF I A B (MLSS) M 5279 mg/L.

F2 RIEHKKE

Table 2 Parameters of test influent water quality

- COoD/ NH-NVkJE/  TPURRE/  TNUREE/
p (mg/L) (mg/L) (mg/L) (mg/L)
6.67~732  135~314 44~77 3.0~5.5 51~88

1.4 iKIiEIT

S A IEMG LD WESEIY FePTR JA shetE, 7655
46 KB FcPTR I A9 3ERL AT LURL B HE . A B 58 i
BERVE S R 2 B B, dRiE 4T 120 Ao o, BB
I (0~72 d) Wi PR IERL BB BL 4N BB [T (73~120 d)
BT 48 do 2 M EATBY B IV A (DO) Y B PR 4
7E 1.8 mg/L, /KIR I 4ERFTE 26 C. FcPTR Fl TeST
TEBITR B T MBE A9 HRT 20513k 36 1 24
h, AEFEB FcPTR Hl TeST Wk EHafTS40n 3 3
Fi7R

TeST A, 75 B 48, it AR 483tk , FePTR J&7E TeST
TR AR b ) 35 Aty 8 T AR DX i S X
TeST P& /K B A TeST A4 Bt 7K, FCPTR fit4,
S UE X K BIA FePTR Bk o iR 58S f2 v, A0
3 d 7£ FePTR #7K [ IREAITIIX (X)) | SF4AUIX

%3 FcPTR Fl TeST AR ERHIKIEIEITSE
Table 3 Test operation parameters at different stages of

FcPTR and TcST
[y i 1] DO#kJE/(mg/L)  HRT/h  /Ki/C
1 112K 1.8 36 26
Il H73~120K 1.8 24 26

il S T U8 X R 7K ) A7 B A5 B 50 mL KR, 7
TeST #E7K [T, PRA (Rl 7K 1) 437 B 45 B 50 mL 7K
¥, T % COD 5 NH;-N, TN, TP ¥k J¥ . I
FcPTR JR & #1 it X ( — X)) H B f175 8 4% 40 g,
TeST JREIX 15U 40 g, 38 1 F145 B B gL Ak 4
SRR S Y6 26 1 9 AR KR B . FePTR 32 17 & 26
72 REUREIT XI5 iR XI5 . REPTH X
WO AR DRSS 20 g, RES R SRR 1, 3. 5,
7; FePTR 217 255 120 REURAITR X I5YE . &
X Y58 PRI IR, 47 4R X IR A$ 20 g, A
WK N 2. 4. 6. 8, T Mg A= MR iE 444
1.5 oA *E
1.5.1  ERUKB T Tk

W RAE R KRR E 15 min, B E I WINE COD;
FH 0.45 pm 8 B 38 5, A0 NH;-N, TN, TP ¥
JE o KBRS TG b 3440 B R BRI A W 43 #r 7
B4 BOFAT T IE, Horf COD SR FH s T ik
D5, NH-N B R FH 98 BG40 06 6 B vk T 5
TN ¥ B 2R FH Ao 4 2 B 48 - 28 A 43 D16 0 B 1 e
TP ¥ 8 R A Bt T S Ab- SR A BT 23 6 B TR I
A e i R AE | KBV B 2511
1.5.2 GRS

BTG PR FIIEDRRE S TE 2.5% FOI% R WP T 4
C [EE 9 h, KBRS thi S Ve RE T FH kiR
W o AL, P BV B 1) £ s VRO A it i
AT, B AERE R S BRI E 10 he ZRFRGFAYHE
wi ZE 9 4 7 S £3U8% (SEM, Hitachi SU-8010 %)
PEATREE, LU M T i R s U i AR A R e
1.53 Ay

Ve B R TR TS TR FEDRRE SR, B 0.1~0.2
g FE i, 2K ] Fast DNA Spin Kit for Soil i 7] £ (BIO
101 System, 52 [# ) & 5075 I FIERLEE 5y A1 () DNA
PCR ¥ 1R 404\ 7l 19 Pfu i 7 B DNA R4
it , I AR AR G IE AL, PR R —HEREA 1Y 4 1
SMF—8 P REERAEAL IS, ¥ PCR §738
] 05 ™ W 15 4T 9 O 7 i, ¢ 6K R O Quant-iT
PicoGreen dsDNA Assay Kit, & {{ #% & Microplate
Reader(BioTek, FLx800). >&H Illumina AFJA TruSeq
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W 1, 4%/ Agilent High Sensitivity DNA Kit X 3¢
JELE Agilent Bioanalyzer [ AT Bk, A FHARST X 5,
WIT Tk 1 rRNA LR B B4~ 2 2 S AR X
DU PP 53 AT i 22
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X} COD, TN, NH;-Nf &% 5 F TeST, is171%
RETET TeST, ALY 22 RACHR B3 B B & B bt
it AETRE S

FERFE FePTR 45 HLot % COD, TN, NH;-N{#)
EBRTTARE, IR W T FePTR 7E AR T R B 4%
HotH Ko COD 5 TN, NH-Nfk & A8 Tk (& 3) .
s 7B B 1. 1, FePTR IR X 7k COD KT
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Fig.2 Pollutant concentrations and removal rates of influent and effluent at different operation stages of FcPTR and TcST
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Fig.3 Pollutant concentration of effluent from each unit at different operation stages of FCPTR

M) it R R ) N &K, FePTR KA IX. COD F
B, C/N BEAIR, il = 70 8 1B A Sy S A A L it
I, FECTN KBRS, AHLAAER S ATE
JH R %4k A NH;-N, FcPTR [R 48 37 i X 1Y JC A FR 485
S EUNH, -NIC R o S VR R 2 g o B0 A
52451l & 3(b). (c) FIHL, 3817 25 72 K FePTR
BT IE X HK TN, NH-N¥R S HIFEAR T 37, 45
mg/L, FcPTR 4% X F1 i At & DXOSF TN HINH-N
() 2% Bk DTk B K o il Ak Al R 7E R TS L R
FcPTR JK & 47 i X H i NH; -N#% 2 NO; HINO;, [
EAL R 7E FePTR B4t 8 X LANO; FINO; KL F-32
A, 42 A SO, ik HRT iz 47 255 120 K,
FcPTR i 4805 8 X 7K TN, NH;-N B 3 5] [ A
T 32,36 mg/L, #H L T4 72 X, FcPTR 17K TN,
NH;-N R BRSO A2 . AR HRT 3 BO0 A5 R £

TEIR GBS LR G R, TS FePTR 4%
DX S B X AR 5 RURE R 7
FePTR JR AT i X Al TeST Hi7K Hf TP 1 5 Bk
RORIFE 4 fis . sfrprBe 1, FePTR R IX
®4 TEIETHER FePTR REHREF TeST REX
BEEEBRYR
Table 4 Total phosphorus treatment in the anaerobic baffled
zone of FcPTR and anaerobic zone of TcST at different

operation stages

HEK TP/ s
. bviwi WK
BT B (mg/L)x SR KT R
(mg/L) (mg/L)
TcST 16.0+1.6 13.0£1.2
I 3.040.4
FcPTR 16.7+0.9 13.7+0.5
TcST 15.8+1.4 12.6£1.2
I 3.240.2
FcPTR 15.3+1.3 12.1%1.1
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F1 TeST 7K TP e B 5+, w2 4300l R 137,
13.0 mg/L; iz 47 B¢ 1T, FePTR IR i X Fl TeST
HKBBER 90 12,1, 12.6 mg/L. JRESIT, B
W TR (PAOSs ) 8 28 Bl i A e £, WSCHE & 1 g s
M2 (VFAs) I DL SR B2 B BE R I (PHAS ) Y TE XA A7 7E
TRIN, FESFARUR 0 T HEA TRERIRIL, H5 T BREAESCRE

FcPTR £ X3, TP KRR IR 5. i817Br B
I AN, G5 X 7K TP A 34 25 B 345 R 80%
F179%; At I8 X AR T B 1L DX TP A9°F-3
EBRRDHIH 46% F1 23%. AT WL, S8 X XA 2%
BRACR W25 s PAOs A= £ 77 22 78 2 AR, 1T R 4 ik
U DX ] B TR /D>, S8 PAOSs (35 PE T 2

K5 ANENEITHER FcPTR &2 TX TP BERITE

Table 5 TP removal in each unit of FCPTR at different operation stages

EE PREATIIX 4 IX BRERLIEX
HIKTPHEE /(mg/L) BEWE R/ (mg/L) HK TP /(mg/L) EBER % HK TPHR % /(mg/L) EBRE %
16.7+0.9 13.8+0.6 2.840.5 80 1.5£0.3 46
I 15.33+1.3 12.1%1.1 2.6£0.3 79 2.0+0.2 23

823547 120 d 18], FcPTR 7Kk COD, TN,
NH;-N. TP V¥ & 43l A 74, 26, 20, 1.6 mg/L,
24 FePTR W F 5 4% SCHE /K 7K 5 AR ABL ) A ) 3t IXC
A, JHC S KK B T U R VPG | AR R WL PR
T%Hiﬁ‘ 1118

VU IR PR K RIEVT A

(e) 55 72 K FePTR {51

(X, 1) K A7 B AR AT A2 15 15 7K Ab BRI it 7K 75 e W HE
7 3
22 MEYMERKEMELEN

TeST. FecPTR A[aliz 47 B Bis e AIEURHE 5 1Y)
SEM lzlﬁnl’fi] 4 FJf/To EEIEI 4(a) IEI 4(b) WAL, 1517

(& % 120 J FePTR JERAFAIX B

10 pm

() 8 120 X FePTR {5k

4 TcST.FcPTR &M ERARH A SEM
Fig4 SEM images of different samples at various stages of TcST and FcPTR
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ZH 72 K, TeST i5 e i BB HEAT LB 5] B4,
AT e SR AR RO R 4F H 457 HRT i217
2 120 K, TeST {5 eBpiR AL . 231, 28Tl
Xz, JLT A PR AE I IEIE B, Toi 5 /K A
A= i B AL A R L SR TR, 3 TeST XA
BRI R BRI AR 2 .

Hil& 4(c) . (e) AIHI, 12T 24 72 K, FcPTR IR
ST UL DX IR R Ui 26 T A A e SEDRE RN TS e 3R
256 5%, WIRRMDLH, LS 5E 5, Tohlge
AR S5 A S Ay B AT, FePTR AT IR
KM AMBERTTKE S R ZHNEZIEET
(Proteobacteria), Proteobacteria HfIL #V B 3= 24U $5
a-Proteobacteria,, f-Proteobacteria , y-Proteobacteria',
H: 1 a-Proteobacteria, S-Proteobacteria H. £ Il & i
WEHE 11, y-Proteobacteria N S+ = R A ), LI WL
St IR E TS K COD BREARE, x5 2.1 15
F| “FcPTR AT X X COD Z:Br ok K~ 45
w3 mE 4(d). (DA, 55 72 XAEL, 817
Z 55 120 KW, FePTR PRI it IX BRI 19 4= 1)
Ak, AR Y s A, SR Proteobacteria AHXT 3
JEE M 52% %2 44%, Tl FePTR BRI XI5 T Ak
H: W) B 7% R Proteobacteria A X 3 JE M 76% [& &
45%( & 5) . a-Proteobacteria, f-Proteobacteria ffif ¥
RS 22, WA AR 2RI , S8 FePTR JREAT
XK A B RBRSURAE 22,

5 R, iIBAT 8 72 K, FePTR 4 A IX 158
2% 1 T A %) BF Y5 T Proteobacteria Fl ¥ & I [)
( Planctomycetes) A O VB, JHAH X =F B2 23 0
57% 1 13%, Planctomycetes AJ #f£ 5 IR 48 42 & Ak [
N7, BB X A= 5 T K H R R R BRACRPY . X IR
T FcPTR {48 X %F TN FINH]-N [ 2 B sk A K1)
456 . 4% HRT 1217 &5 120 K, FePTR 474 X 75
Je & 1f Proteobacteria AHXF FE TR T 21%, F 2R
120 K FcPTR 4 % X 7K it COD - #4 25 [ 26 %
K. 1847 E% 72 K, FePTR U458 X BB R 0 i A= 9
FEPEH Proteobacteria AT ] (Bacteroidetes ) A/
TEHE, HARXT 58 50% F1 16%, Bacteroidetes
X A MR A W) B B AR DGR E DY, is 1T 256
120 KX, FcPTR 4F A X BURLR AR P v R AT 1
I"] ( Acidobacteria ) A7 X 3= B {2 35 389, 35 2] 16.5%,
X2 F 5K FINO; -N ¥ B | 32 Acidobacteria
P AR
2.3 SRMERBAITLE

PLBA P13 FePTR A1 TeST Ryt 42 A7 A 43
M, A8 % JR A BT X6 TeST AR /M B0 vl A, ik
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Fig.5 Distribution of microbial communities at the level of
microbial community phylum in anaerobic baffled zone and

aerobic zone of FcPTR

BN 2 m’ Y TeST fF /5 &2 30 A B & 2
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Table 6 Annual cost analysis of FCPTR and TcST operation
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Table 7 Removal costs of FcPTR and TcST per unit COD
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Table 8 Removal costs of FcPTR and TcST per unit NH;-N
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