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Experimental study on treatment of rural domestic sewage by four substrates anaerobic baffled reactor-
vertical flow wetlands(ABR-VFW)

LIU Juan', XIE Xue—dong’, ZHANG Yang', LEI Ping'?, GU Ru—xin', NI Jiu—pai"’

(1.College of Resources and Environment, Southwest University, Chongging 400715, China; 2.Environmental Protection Bureau of Suining
City, Suining 629006, China; 3.College of Urban and Rural Construction, Mianyang Teachers’ College, Mianyang 621000, China)

Abstract: In order to select optimal substrates for artificial vertical flow wetlands (VFW) that are used to filter domestic sewage with vary-
ing levels of pollution, four common substrates (i.e., shale debris, volcano ash, biological porcelain, and anthracite ) were used to con-
struct anaerobic baffled reactor (ABR) —=VFWs. Hydraulic load was set uniformly to be 4.2 m*+m™-d™". The effects of the four substrates
were analysed on three pollution loadings (low, medium, and high concentration) in terms of the chemical oxygen demand (COD), total nitro-
gen(TN), total phosphorus (TP), and ammonium nitrogen (NH;=N) of rural domestic sewage. The shale debris substrate reduced the COD
of the low, medium, and high—pollution sewage by 88.12%~95.78%, 64.05%~84.09%, and 61.25%~74.07%, respectively, and the TN by
51.98%~55.98%, 38.52%~50.84%, and 47.42%~53.22%, whereas the anthracite and volcano ash substrates were less effective, and the bio-
logical porcelain was the least effective. In contrast, the biological porcelain substrate removed NHi—=N and TP from the rural domestic sewage
at significantly higher rates than the other substrates. Therefore, shale debris are the most effective substrate for purifying rural domestic
wastewater with high COD or TN, whereas biological porcelain is the most effective substrate for purifying wastewater with high TP or NHi—N.
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K 62.51%) , W BFHPEBE SRS s SWTL ELA i v ] bt B
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Figure 1 Integrated process of the ABR-VFW
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[ A — 2 A P SR B T AR . B BEB i
FE B R SRR N - 1 5, A PRI 30 em i TRAE TR
B AT CRiAR R 30 ~ 50 mm) ; 2R, B — 2 1L1g
K1 em 22 W 5 2 )5, BRI AE 8 ~ 15 mm [ VU Rl IEURE
(YYZZ HSY .SWTL . WYM ) 53 51|45 L 7E 4 41 15 H 1
RN 40 em; B, ZEIEE AR 10 em, R 42 5~10
mm AT B, F B 25 em AR 30 5 F , TE R b,
FERBR RS H ARG . VEW 1877 B B
b R KT Yy BE (G b ) SR FRAN [R5 5
(YYZZ .HSY .SWTL.WYM) VEW X 4 A5 4 3% 75 7K o
15 A PR

RIE TR 201743 H 21 HIF R, 817 A 5
HEb o o il P87 gk oK O RRT] SR R 2K
[ ERHEK 321707 20, K =29 15 Leh', B HHEK 3
W, B HIZ T 8~10 h, B _F ARz T, K 745 ] oy 2
d, B2 H R GERHRH A TE . pH (EFE ]
£ 7.0~8.6 Z ], ia {7 ik Ry 25~35 C. EEHIEA T
B K g — B 42 mP e m™2-d . FEA
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1.3 #hkiT ke

RIS F ] CoH 1,06 . NHNO, KH,PO, 2585 it /K
BT A 16 15 K K BT, LG AR B an 2 1 i .
B il J Ao A A A 16 75 K H TS e i B e 2 IR
1.4 RIEH

AR R 4 A IE A EE BT (YYZZ HSY .SWTL.
WYM) i BAEAE BT an 2 3 iR .
1.5 HRRERNEHE

FiBE 2 d FHTE IR A0 i SRDILZE HE K 11 (24 34,
4401 5#) K4 500 mL AL BRIK T 4 CUKAR N, DL3E
Je S

ABHFEH WIS bR 322K : COD (AR IREFTA™) |
TN (i B R B0 T il — 52 A0 23 GG BE ) (TP (BH R B
A3 IEEEE TR ONHI-N (48 a8 B 7)) \NOs-N
(AN .
1.6 #HEabIE

K FH Excel 2013 F1SPSS 19.0 #4788 507 , [l it
K Origin 8.5 #AFHEAT IR 2 il , K FH Pearson ff] HL

F1 ATHEFEZKEERS (mg- L")

Table 1 Configuration of artificial life sewage(mg-L™")

=2 WY KK EHFE (mg- L")

Table 2 Quality features of the waste water(mg-1™")

B fiRwk iz i R
COD 175+8.05 265+12.19 365+12.79
TN 17.5+0.81 28+1.29 40.5+1.86

TP 3:0.14 5+0.23 7+0.32
NH;-N 17+0.78 24.51.13 36.5+1.68
NO;-N 0.3+0.01 0.75+0.03 1.1x0.05

i H CeHix0s  NH:NO;  KH,PO,  MgSO, CaCl, FeSO,

3871353 150 30 5 225 275 25
ok 300 60 10 225 275 25
TR 500 100 20 225 275 25

®3 EFURRPENMR
Table 3 Physicochemical properties of the fillers

BETT Al YYZZ HSY SWTL WYM
Ca0/%* 1.19 9.86 3.26 2.65
MgO/%* 1.58 1.49 2.04 0.48
Fe0:/%* 7.26 11.86 7.84 7.40
ALO/%* 22.10 14.71 16.32 19.30
Si0,/%* 63.01 4327 62.12 65.01
oA/ 4.87 8.05 8.42 5.17
LB R /% 62.51 78.10 60.65 49.34

BE 2.08 1.29 1.87 1.17
R /g - cm™ 0.78 0.62 0.74 0.59

e FR WA /em? g 6.17x10° 1.95x10°  3.91x10° 29.80

TE - 3 s SEIME (), TR A i ohe B LS 2R R b BB
BB

Note: The measured data are annotated with ‘*’ and the rest are from
waler treatment Coordinated Yin and Yang Water—treatment Materials lim-

ited inc., Gongyi City, China.

HH S R BFRAEAH M
2 HRE5HH

2.1 SARERE CODHERBRIR

ARG G BE T, DU 3 5T X A= 1 75 7K Hh COD
A LBRBOR I 2 iR . A YYZZ  HSY . SWTL iy 5
) VEW FEAIRTS G ik BE T (1) COD 2B R Ay, Horp
LR YYZZ 7 BN T80 4 T 25 25 B Ak H sk SR i
T ik 95.78% , Hik y HSY Y VFW (93.85%) , fie i
JE SWTLRI VEW (79.82%) o A Hb HAth = Fi 5 5 44 4
) VEW 125, LAWYM by 3 Ji k) 48 () VEW 7E o ik i
TR ARBRRER TAREKE T LR A, RAERT ]
W RETEERA RIS T 1) — AN EE S R AT
ATETG KRR . IR , LA YYZZ \WYM
FETA ) VEW 1A s TR AR RIS 6 d H R,
HSY SWTLHI VFW T4 8 d H B f5 i 49 04 o
2.2 JARRERE TN HIEBRR

A G TG K R N 5 T YRS Y ) R S R
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FETTR R VEW ;s SR BT, LA YYZZ FIWYM Ry 5k
JEFE B () VEW X 95 7K o TN A 25 o 2 3 Kk 3
HSY A SWTLAEAY VEW o H &l 3 Al A& IR v
T LAYYZZ HSY .WYM i 38 5T () VEW TN 2 B R AE
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Figure 2 Removal efficiency of the VEW on COD with

different matrices
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Figure 3 Removal efficiency of the VEW on TN with

different matrices
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Figure 4 Removal efficiency of the VEW on NHi—N with different matrices
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Figure 5 Removal efficiency of the VEW on NO3;=N with different matrices
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Eo6 MAEREERATIZMXAERE TP B EBRIBR
Figure 6 Removal efficiency of the VEW on TP with

different matrices

ZRLTAEESE VEW H 5 e 4 1 Vi R A8 Ah 0 25 SR —
. (AN ASHESE$E ) SWTL %F NHi-N 9 25 5 240 T
HABSE T, X 5B b 2= B R A -2 AL E A
X SWTLHY LR HFR (3.91x10° em?- g ) Bk, HEmg
B3 A, X NHE-N W B SCR A dy . B8 0 i A5
HH A 0 R 58 R I L 2 1 B Ry Ak 4N R R £ 20
FHIRBAE T 23 0] A2 HE 15 K FP R A 1 S A

R4 ARFRYRETERRALRMAE
KA EETKERMES
Table 4 Correlation analysis of different pollutants concentration

to VFW treated rural domestic sewage

[A¥ posiil COD TN TP NHi-N  NO;-N
Ak 1

cob  0.129 1

TN 0.082  0.952% 1

TP =0.474%% 0.509%* (0.521%%* 1
NH;-N  -0.053 0.403** 0.402%* 0.519%* 1
NO;-N  0.177  0.915%* 0.947**% 0.378** 0.434%* 1

TE #3FIRAE 0.01 7K OB B 35K, *FR1E 0.05 7K (3L
1)'1'] )bﬁ%*ﬁ?&,i‘?*ﬁﬁj‘? person *ﬁ%%’&o

Note : ** representation that there was a significant correlation at 0.01
level (hilateral ) , * representation that there was a significant correlation at
0.05 level (bilateral ) , The values in the table are person correlation coeffi-

cient.

BRI T AR R RASER . A, SWTL
W B A NHG =N 75 i A6 240 B R TR 7% 46 NOS-N, i
SWTL 2 [ W B s A2, BB H A W BT BE T -

VEW 1 P i) 2 BRI 5 358 3 b & A 8 W A
B2 A8 W R AR FH LA B A AL 00 e R o A S22,
AN TR BEE BT XT TP 1Y 25 R 238 B 2R A Ik ] 174 22 4 177 B AT
X2 I TR TP B R B 2R e D i . AR 9 4
REH], SWTL XS TP 1Y £ bR e , iXJ2 i1 T SWTL
HA B Ca0 (3.26%) F1 Mg0 (2.04%) , T {5 /K th
TP g% 5 CaO Fl MgO & A= Ak 2= U TE S, A i A%/
BEBE IR EL WL AE SWTL K 16 . Wang S5 WY th %
B RS K s, Rl B 5w i i 5% g
AR EBRTG KRB . tLAh, B SRS
T AR R 1Y) i S5 e A B TR R b 5 W 1 o IR B it
ZE ], AR TH T SWTL XI5 K H TP (1) LBRSICE o it
A, B8 W T 1) B 4R 3R W AR R SRR A P A 2 i Wl 110
R, ARWFFTR R VEW 250 5 0SS A0 B fE
e 1 ERIE MU X, BRI BRI, iR K i
T 4 DX R Tl TR e e W T, A IR AR DX R T o
i — 2l I ST SWTL W .

FE O 7K s Y W ) 25 BR AR B 5 W Y K
IR BT 2 75 3K BN HEBOPR T , A< i 5 v 0 b 5 Joia 4 2t 1)
VFW H K 75444 COD TN . TP } NH;-N (1) 2B %y
FEH) T 95.5%.59.83% .79.94% & 89.19% , H: i K7k
J AT Lk 20 AR 75 K Ab BT HE AR #E ) (GB 8978—
2002) —ZhrifE

25 b P, 1o P v SRR AN 1 R oA A EN L
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T Hb 22 e A BEAR AT A 15 15 K S B T IX 38K 75 e B iA
G K AR . ZERIH VEW bR R AE 15 157K
A 7 S e, BT LAZE B AR AR TR TS K T e
(COD.TN NHi-N.TP) i A EE Flgefb LR S PR L i
X F COD FITN 7 5 3¢ i 18 AR AT AR 1 15 7K EE R
YYZZ 35k 7 VEW , 17 DL TP 8% NHi-N hy 32 A9
A T TG 7K AP SWTL B 5T

4 it

(1) YYZZ FE T R AT A 1 157K i COD FI TN &
I 2843 W3k 5] 95.5% 1 55.98% , S 2=/ 15 K th B4
AT Gy A R S TE b (0 AR R 5T

(2) SWTL B 5 X 4 b A= 1 15 K v TN 1) 25 B %
A 27.88% ~ 45.75% , {H X} NH;=N F1 TP [1 2 [ K 15
F]57.52% ~ 89.19% H175.37% ~ 80.50% , J&- F= B 15 7K
P R B B L R
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