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Performance of Bio-zeolite Constructed Wetland in Dispersed Swine Wastewater

Treatment

MOU Rui'??, SHEN Zhi-qiang’”, ZHOU Yue-xi’”**, CHEN Xue-min', FU Xiao-yong', TAN Lei-lei'"*”, QU
Wei*

(1. School of Environmental and Municipal Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China; 2. Research Center
of Water Pollution Control Technology, Chinese Research Academy of Environmental Sciences, Beijing 100012, China; 3. State Key
Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences, Beijing 100012,
China; 4. Hunan Province Reserve Trading Center for Pollution Discharge Rights, Changsha 410014, China)

Abstract: The anaerobically digested effluent of the dispersed swine wastewater was treated by a three-stage bio-zeolite constructed
wetland, and the performance of the wetland, the variation of pollutants concentration in effluent and ORP distribution in the bio-zeolite
layer were studied. The results showed that COD, N and P in the digested effluent could be efficiently removed by the wetland, and the
wetland also had resistance to ammonia impact load. When the hydraulic loading rate was 0. 047 m’ - (m?>-d) =", COD, NH, -N and
TN (the average mass concentrations in inflow were 477.7, 155.3 and 176.4 mg-L~") were mainly removed in the district 1 of the
wetland, and the average removal rates were 80.6% , 55.3% and 58.1% , respectively. There was obvious enhancement of
nitrification in the bio-zeolite, and the major nitrification product was nitrate. The mass concentrations of NO; -N in the district 1,
district 2 and district 3 of the wetland were 85. 85, 91. 06 and 82. 41 mg-L ™", respectively. The nitrate produced in bio-zeolite layer of
the district 1 could be denitrified by microorganisms in the slag brick layer using the residual organic substances in water as the
substrate. TP was mainly removed by adsorption in the slag brick layer, and the role of microbe assimilation was relatively small. The
reaeration of the bio-zeolite layer in the three-stage wetland was good. Most of the ORP values remained over 400 mV in the bio-zeolite

layer.

Key words : bio-zeolite ; constructed wetland; enhanced nitrification; tidal flow; dispersed swine wastewater
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Fig. 1  Structure diagram of three-stage enhanced nitrification constructed wetland reactor
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Fig. 2 Operating performance of the three-stage bio-zeolite constructed wetland in the startup phase



3512 2N 5%

B % 37 %

A= 0 Ay A IR B PR R B - AR B ATl As AT
36 d J&, #EKNH, -NFEARFEE , B0 38 s — X 7K
[FINH, -NA AR A, 2% 0 — DX 9 A= 0 £
AT REIRE T PR B - P A B AT Al

MR —XNO; -NYEEEFE 41 d 57 B B FEAK, X
AT RESE TR — XA 8 2 R, A R A 1 W KR
AIEE, HoKh A MLk B & (A NO, -Nid o [
Mtk pl 2. MR LUAEY Wl A T b 3
FRBH R KT % B EL AT B S i D BE 43 X, T kb
FEGAAE) R Z () 430 &4 T BB
AR AR At Ak 52 R, I HL LA e 38 e 0 e AR 40 A
T RS AL BRI SORS AR . 1 3 AN IX K NO, =N
(18 Jo R AT, FL (B A 30K 2. 57, 1,58 i1 1. 91
mg-L™" JCIH /) NO, -N 9 28 B sk ik
TN B34S NH, -NAYAE AL Fa A SEA AR [H] , F
TN f 2B, 35 SR T 0k A X NH, -N B 1 i
B, SO S Ak S A ARV AR X 3/, TR sk,
VML DR = X0 Hi K TN A B T a3 ix
FEIE W T UL s AV R, 7 A INO;, -Nk
FE R T W R BR AONH, N . T M R = X
ARG TR RE 0 5 LA 40 em A1 10 em, B & H— X
(70 em) BYMK. T EL, 183 — XA = X A A DL e
W e — X%, Rk, BEE b T = X A 2 i
A A I I — X — X AR

M 2 s FE k7K P BT B 430 R 30, 25
F120 mg- LA 3B — X KO = X% AL P 2%
B 2% A K, 2 R 71.9% | 79. 1% F1 30. 3% .
KRB A 2L, B A — LR R 25 s AL
i, PR R AR B R a4
260050 1 F SR 1 W FFEINFL NI P17 300 25 3 56 o
PR EE T P AR B 3h 49% . 3 A
3 DX A EUA R XA ) 58 3t R 1 o o R o A 8 8
FHT] A1 2 B 3B 70 B 22 R4 /0N | R ki )2 i 3
Fo e 22 RS AT B F 5t 3 B i T W )
P 5N TR P RBRE Y 84. 33% , A1 W FFH 1 P
AN P 2B B 1Y 12. 86% , T A W Ui 5
fil A Wy IRl AR VR S TP 25 Bk 9 B Mk R K, 20 501k
1.03% F1 1.78% . KA EH A HEERES
R H 3 X P RBRRER BN FEFERE, —
DXCRN X6 P 2B AH 2, 1T BB RO 7 i iz
TTAET ,40 em AL O RBARUF A9 SRS P (1)
2.2 jmshfaisirtEne

=Y A N TR Bh )5 BT R &

3 M2 iR, INHATLAE H, =N TIg b K4y
BUFR M vk K R 4 H K S 2 CoD i 477. 69
mg- L~ F 3 45.81 mg-L~'. COD FEAEEH— X
Yol , P EBREN 80. 6% , HAE i — XAl =
XEPE 2R A 7. 6% M 2.3%. /38K
K2 ABR JREAUCHLS T & 1 5 TR A L)
TSR M — DX Ay 2 A A e ek 1 B B
Je FERE T8 20 S AR E Ve i YR . 1 —
DX HH K AT B A D S A 0 B R 1 A ML TR
AR X COD 11545 — & i 2B, F ¥ £ BRI COD
PR BE A 36. 32 mg- L™, Zid i — X L X 1Y
AbEE 7 AR P R A% A AL ARMERE S R PRt
MHL = XX} COD MY BRANBH . NH, -NAYI 2 2
BRELEE S COD AY2EAL), 3 T 1E T H— X 4% 2Bk,
155.29 mg-L ™" [& % 69. 44 mg-L~" 7E X #l ik —
R E 51,84 mg- L™ IE= X EBRAH. X2
M T ISR A (18.5 ~29.0°C ) , M — X 3 A4
FIAE AL PR TR PR R, A Ab 1 B AR o i A5 0 7
TR AR A 2 R R B S 6 PR B A A K SR
NH, -NAYUE . 8 — XK FNH, NV BE ek Ay
I T - e 8% P P A8 R e, AL Ok W A AT T 0 8 W% R
NH, -N. 23 = X JE K NH, -N ¥ JBE 15 3l A7 2 JhF-fit
R ) ST Al e B AR A 24 | DRI -NZE I X 3 25 Bk
NS

M3 AIA JRH— X H 7K NO, -N FINO, -NJiT
IR, 14 0. 66 mg-L~' f12.64 mg-L~".
TN 34 5 & e B2 /R E K 19 176. 43 mg- L' [ &
74.00 mg-L™", BBRFE R 58.1%. {BHI— XX} TN
(2 B 32 BEALHE LU W S 5 I B S R ik A %
NH," -NAY IR, R il A A= ) 42 72 AE I NO;S -N
I SRS AR B 2B, R T 28 e i st ] 1)
FarE BT, nl A IR — X 5 A= kA AR 1 31 B
R - P A Bl AT, B A XN, N R o ik
SH54E7 4 BINOS -NFI NO, -N ¥ B 22 FIREA A [7].
PRI V0t — DX i Ak 2 Bk R0 A T 35 o et Uk 2
NH, -NF-2 2 B o e i (85. 85 mg-L™') 5 —X
HZKHNO, -NFI NO, -N i s vk B 22 F Y 2246,
82.55 mg-L~", H (& TN V¥ K B i & Wk W
80.6% . JazhJa , il 2 A BRAE AL VR T BE e,
HiL XA = X A HINO, N R 43 ) R 93. 69
mg-L ' Fl 176. 1 mg-L~", /& TN {9 3= Z 41 i35 43
i T RS AR AR AR T TR HL Y NO, -N B8 T,
MMl XA = XY P 34 B vk BE 43 0l D 3,70
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Fig. 3 Operating performance of the three-stage bio-zeolite constructed wetland after the startup phase

mg-L 7' H12.26 mg-L~". @M XA = XA fbAE H
FEAEINO, -N I NO, -N Ay 5T 4 1k B 22 143 3
94.09 mg-L ™' F180.97 mg-L~", #3345 A W b 25 b5
FINH, -NV B R A A2 ) A o KT IR 4, &
i = IX K TN KT RGEHKP TN, X FEE
F I ORI = X A W 4 2 S sl B B A T
BZMNH, -N, 2205 35 A WA L% RS Ik
Y. XA WA HE K NH, -N YR B 58 88 T e m
AFBEYITEA R 20T (A4 AR |, il LU S
AT SRR, BAIE X NH, NI 25 B s 17 451k ik
e WA T A AR A RO B A B = 2%
A= A N T b X o 670 A S AN R R A2 1) 3 7

K2 BIETFEOEHERE %

Table 2 Average removal rate of pollutants after the startup phase/%

i H CcoD NH, -N TN TP

TR H—IX 80.6 55.3 58.1 55.4

B — X 7.6 11.3 -40.2 31.8

T =X 2.3 -1.2 -42.4 -13.2
J1#.

=AY A N TR 7K AINO, N ik
FERE, M 176.1 mg-L~". BEM IOFEFF T LAVE K
i T T A 5 A 0 R R FH 43 E R 4 o ek )
L, NO,; -NI BT R 95% LA 1.

N TR 57K PoAY 2 B 32 28 3 2 4l ) i
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e R B | AR A I S P B el
1 0 A ) B 96 W o A %) B A EIBR P Y E
(1, LR EE T PO S BR RN TR HLBR P 2%
ARl RN T PR A AR G R R
R H T P W B K R P I R R W R R 1
ML, RIS ST R W AT P B
TERE P A0 B T B %) 388 0 1T 5 K O B &8 TP
TR O AR AL BB P ER S T B e
R IRAT) s v v Y B RIS T b 7 3 W B P
L. TIPSR LB, E 20 mL 5k E
K5 mg- L BERRER AW T, Wh A X PO R R B
B B i e SN R AEE T g B, P Y
FBRRIEARTEE. FRIHIE K P AU B 20 V8 b
HURLA W E B0 T RE R, 18 M b, WA RN 6E T Y
Wam e —X > X > =X, Hik, i —X
X TP () B K, 38 K BR N 55.4% 5 Hik
R XX TP I B h 31, 8% . i = IX
K TP ¥R BE b —IX 1y, X EBE R TR sh B B
M = X HE K TP Wk BE R, S B0 A )2 W B
R BER TP, S 3K R TP Ve BE B S AR WA
JITWR B TP T R B ST A 4 R ik =
JK .
2.3 YRR R 22

HF 98 N T30 i b (%) i Ak SR A1 AR R ) A s
[i] | B o A R T TR AR T i A T2 b
TR TS G W e AL AL | ) B O b 30 G ) O M 2D
B FEEMEY R EACE T 4 AR AR R

AERERE P =g A T L
J7 3B 1T, 15 Y WA 1 b 3R Gt B A ) 7 A8 AL BT R
BI5 k. R, 25 52 K B 1R 2K 5 Bl s R) A4 22 £k 3K
K4k AN 3 FiR.

2 3 nf LA, COD MINH, -N = B/ 1 o —
DXL BR. 7K i G A Bl ] 28 AL A 34 5] 3
ARARAREE T3 77 N TR ) R AT TR M AE K
T, WAy 2 T A 0 Fg 0 7 B R o %) A AL e A,
WA WA NH, -NFE 46k NO, -N (N0, -N; fik ik
F AR A K A HLYPEE NO, -N BENO, -N
WEN N, K, 0 min B COD A ¥ B ALK, 12 Hb
— X HEKFASE , PRI K 0 28 Ak e e A SR 08004 Tt
N TN b Bt s () %) 228 AR RRAE.  2E7K 3, 7K A A L
PIFINH, -N#E PR 0 5, S 3OV FETE 15 min Bl
AL, WBH— X COD Bl a2 #i A, 1l g2
T RGN AL 00 W B 75 K [ Bk o AT g2 B ok
A R B (A WL FINO ; -NTERE W J2 R A2 T Rtk
S, NH, -NW B e RO BRI, 218 T . axX 2
FHFNH, -NA 22 50 32 S 58 A i W R, 95 1 300k
A=A RT3 W BREASE S, BRI T 4 B BB X
NH," -N W B 25 5 K, B 5 F T W B A7 s ik 2D, =
FUHKNH, N BETHE. NO, -NZK M IR 7
AR AT B R B b DA A 2 R R B A K
AIREAT Ho v B P I, T2 3 — X NO, -N Jfi i
JEFE 15 min Hﬂ‘ﬁ%%,{ﬂ{iﬂ? 8. 86 mg-L_I ,%%Eﬁ,ﬂ\:?'ﬂ—:
T I B, HNO; -N AT il 1k [ 7 Y 32
7).

®3 KA EE R HAKER/mg- L

Table 3 Situation of effluent over time at the bottom/mg-L ™!

WiH COD NH, -N NO, -N NO; -N TP TN pH

K 457.20 147. 89 0.28 0.46 4.41 172. 46 8.91
0 min 93.00 63.35 1.46 1.93 1.58 63.52 8.43

X K 15 min 240. 30 50.75 8. 86 61.36 3.77 139. 35 7.98
30 min 125. 70 55.33 3.68 29. 82 2.43 100. 90 8.33

45 min 78.00 60. 49 1.54 3.57 1.94 59.25 8. 60

0 min 49. 50 45.89 3.36 78.27 0.46 107. 52 7.82

S Itk 15 min 56.55 44.17 0.52 85. 19 0.28 113.72 8.15
30 min 90. 45 45.31 1.83 91. 69 0.91 128. 67 8. 06

45 min 91.50 46. 17 2.37 106. 84 1.00 153.24 7.94

0 min 30.75 54.76 1.53 261. 67 1.13 311.30 7.38

M = X K 15 min 54. 45 41.02 1.32 164.23 0.82 201. 30 7.56
30 min 50. 25 41.88 1.68 199. 95 0. 60 223.51 7.40

45 min 39. 00 43.88 1.77 216. 74 1.89 242.39 7.37

T M — XF = X NH," -N (7238 4k 90 A 5 10—
XML AVLY) £ B — X Bk B W b —

X A= XY COD ¥ BERA, PR il — IR = X [
fi A B B S 5 T 0 P B ) e A P SR B 1
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AT B A A A A RN R, N TR A R A
PERES ORP IEAHDC. i M I 1 b A7 )23 il Ak 1k e
(B AE O0, Al AL B b s A SR AR A . Sk, 7
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Fig. 4 Distribution diagram of ORP electrode in the constructed wetland
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Fig. 5 ORP spatial distribution in the zeolite layer
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FERE IR KPR AE K (ABR AR FR ) () iR SR R UK Ay
TS 0. 047 m* - (m®-d) ~ I, RS EOFR A R K
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