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Performances of Two Kinds of Subsurface Flow Constructed Wetlands for
Treatment of Effluent from Secondary Biochemical Process
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Abstract:  Vertical and horizontal subsurface flow wetlands were applied to treat secondary
biochemical effluent from a wastewater treatment plant in Wuhan. The removal effect of pollutants under
different hydraulic loads was investigated, and correlation analysis was carried out. There was no
significant difference in the removal efficiency of COD, NH,-N, TN and TP between the two wetlands.
Both wetlands had better removal performances of COD and TN when the hydraulic load was 0.25 m*/(m*-d),
and better removal performances of NH,—~N and TP were obtained when the hydraulic load was 1.00 m?/
(m*+d). The correlation analysis showed that there was a significant negative correlation between hydraulic
load and TN removal efficiency in both wetlands. Pollutant concentrations in influent greatly affected the
purification performance of the wetlands, and there were significant correlations among the removal

efficiencies of water quality indexes.
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Fig.1 Schematic diagram of pilot device
P A b 1 RS (R x FE x5 ) 2B 5 mx2 mx1. 1
m, FAEAEY) Ry 15746 (10 BR/m®) o 2 BRI A L0
Mo A e RO A B R OB N 5~10 mm P
F RN 0.2 m) BEORHZ CRiAR N 10~20 mm 5 1,
JEREN 0.5 m) FMIHEKJZ CRiAE 4 20~30 mm #:47 , J5
JE590.2 m) , FEAK G P AE R LT R IE K A8 3
IEN IS EORITS: B S0P Eals i if e i A iVE S
KA 5 HE KRS o KPR N T b Y A
Jot N 2 7K S T PR A G4 i) R 0 A i iR K X ORE AR

20~30 mm AR AT, KR 0.5 m) LB FR X CRiAE N 10~
20 mm Bk A, KB 4 m) Al K X CRLAR R 20~30
mm Bk A, JERE 0.5 m) , JE K NFE K IX A, 20
AEFRIX, DA 7K DX K S5 ik A H KA 1 K oy
15K g b K, H COD<141 mg/L. . TN<9. 18
mg/L \NH;—N<0. 25 mg/L . TP<6. 23 mg/L.
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Tab.1 Operating parameters of wetland system
ey RO [ KRG [
T e 1 - (om0 WE/(L-h™)
KR ; 0.25(A).0.50(B), | 104(A).208(B).

Tl 0.75(C).1.00(D) 313(C).412(D)
BRI . 0.25(A).0.50(B). | 104(A).208(B).

TR 0.75(C).1.00(D) 313(C).412(D)

BEURYE AT DR K IR 1T, o A A i K AT
FAES B (COD TP, TN A1 NH,-N) , H: /b COD % H
TR TR AR I A, TP SR AR B 40 66 B v U
JE TN 2R B 2o 1R 9 40 e 55 470 4 ot D' B vk
FE , NH,-N R 98 Fa ) b e vk e o B A
Tl R KOS R N T v A AR 1) 225 SR
SPASS 23. 0 %k One-way ANOVA #4745 1107, 1
K 5E K P<0. 055 Pearson AH 56 2 5 3 20 B
K I3 A der K Ve B 5 A% K e A S BR R 2 R Y
2 #R5tw
2.1 3CODHIEBIER

N T 6 A LA B 2 B 32 838 ok s AR
FEPIAR R A I ], 7P 8 1 1 7
7K COD #¢ &£ /3 0. 8~20. 7 mg/L, T B 75 Ui 12 b (1) H
JK COD ¥ M 0. 7~18 mg/L(WLIEI 2) o 1 Fh i b (1)
H17K COD BRAESS 7 R (F=13. 845,P<0.05) .55 14 K
(F=106. 600, P<0.05) . %% 21 K (F=31.802, P<
0.05) .45 105 K (F=13.091, P<0.05) Fl &5 112 K
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(F=10.922, P<0. 05) f£ £t 35 22 5 4b , FHAdL A 1] Py
TS T =0 s R 1143 V) O TR2oY) N BN TRKT S LA I 8
F1 61 A 0. 25 m¥/(m?-d) B9 H 7K COD 2y 0. 8~20. 7
mg/L, 24 B R A 72, 78% ;3 K 1 7757 M 0. 50 m/
(m?+d) 1y 7K COD g 6. 7~11. 7 mg/L, V-4 F B %K
K72, 57% ;K S35 R 0. 75 m¥/ (m?+d) B H 7K COD
9 2.7~8.3 mg/L, V-2 LR FHN 64. 91%; /K J5 11 i
41,00 m*/(m?-d) [ 7K COD A 4~17. 3 mg/L, -3
FBRF R 53. 04%., X EL R IR, LEIK T3 i fer R 0. 25
F10.50 m¥(m’-d) &4 T , RGN COD A L BRAR
0. YU 2T B IR M, K T e R 0. 25
m¥/(m?-d) i H 7K COD A 0. 7~17. 33 mg/L, “FH4 £ F:
RN T1.98%; K F3 11 fif 2 0. 50 m*/(m?-d) {1 H 7K
COD 2} 7~18 mg/L, V-3 K BR R N 65. 49%; /K J1 11
faf 47°0. 75 m¥/(m?-d) [t 7K COD K 5. 33~9. 67 mg/
L, P32 BR 4R 55. 08% ; K J1 ffar 47 1. 00 m¥/ (m?-
d) i H1 7K COD Ay 4. 33~12. 67 mg/L, F ¥ LR FE K
69. 74% 7] W, , 47K J3 i far A 0. 25 m*/(m*«d) B Xof
COD M KBRS BAT . oK T1 g 54T, KA TE
L 14 5% B B Tl R A R T 2 BR A LA

150 —=— K
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Fig.2 Changes of COD concentration in effluent from

subsurface wetlands
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A K S B A8 R AR L s @FVE A E FR TR K
AR o KT U8 R b ) 7K NHL-N YR BN
0.01~0. 5 mg/L, HE E ¥ 3t 1 b 4 0. 03~0. 44 mg/L
(L& 3) ol E VR el Y 7K NHL-N 7E 5 70 K
55 84 KRN HE 105 K 1 35 i T 7K 7 15 Ui 1 b ( 55 70
K : F=10. 000, P<0. 05; % 84 K : F=8. 000, P<0. 05;
%5105 K : F=9. 031, P<0. 05) , 7E45 21 K B FE T K

SV I TR b (F=36. 029, P<0. 05) , 1fij 76 Ho Ay i 7] Py
ToHH R 25 5 o 0 BV O 0 b A B T U0 KR, K
F16i4a5 4 0. 25.0. 50.,0. 75 A1 1. 00 m¥/ (m?-d) {1 7K
NH,-N & F£ 73 51 43 0. 03~0. 44, 0. 04~0. 16 0. 04~
0.15 A1 0.03~0.28 mg/L, F ¥ % Bx K 43 5~
50. 119%.46.29% . 40. 38% H175.09%. X I, & H
TRV AE K 1 58 M 1,00 m*/(m?-d) Fis {7 %f
NH,-N i 2RO 5. Ui /K i 4K
TR ML, K g 676 4 0. 25.,0. 50,0, 75 F1 1. 00 m¥/
(m’«d) i 7K NH,=N ¥ 53571 4 0. 01~0. 50.,0. 03~
0. 18.0. 03~0. 25 F110. 02~0. 08 mg/L, -1 F= B3 >
4 59. 19% . 48. 29% . 52. 60% H1 83. 13%. W .,
AP 7R K AT 1,00 m*/ (m?-d) T iz 4T
B X NH,—N 9 22 BRSO 4T o
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Fig.3 Changes of NH,—N concentration in effluent from

subsurface wetlands

2.3 XFTNBIEBRBR

TR TN 9 25 Bk 3 2030 1o i 2E 0 I i 4k
YEF o 7K 738 I i b 7 1 7K TN MR B2 2R 0. 37~5. 12
mg/L, T BT N 0. 37~5.25 mg/L( LK 4) .,
L VER O T M ) K TN ZE S 70 KA 98 K I 3%
B TR (55 70 K - F=44. 566, P<0. 05 ; %
98 K : F=16. 372, P<0.05) , 55 7 K i F Ik T /K -
TiLiZH (F=8. 106, P<0. 05) , HoAth B [A] JC A & 25 5 .
K T A VR 37 O b Ak B — b M K R K e R
0.25.0.50.0.75F11. 00 m*(m>-d) % i 7K TN ¥ i
I3 9IH 0. 45~1.99.0. 37~3. 14 1. 09~4. 50 F1 1. 41~
5.25 mg/L, 35 2 4 2% 43 3k 69. 01% . 46. 11% .
42.31% F145.09%. W] U, , T EL 9 i 00 A 7K ) 17
faf 24 0. 25 m*/(m?-d) 554 T 1847 B %F TN 9 25 BRr sl
R . U0 KR 2K B T T B R, K g B

< 117 -



%385 H15H

OE 4 K HE oK

www. cnww1985. com

faf 4 0. 25.0.50.,0. 75 A1 1. 00 m*/(m?-d) f) i /K TN
e 43 51 M 0. 66~2.75.0.37~2.29 1. 01~4. 80 Al
1.23~5.12 mg/L, *F- ¥ 2% Br 2 43 51 24 60. 86% .
54.10% .43. 10% F146. 90%., 7] UL, 7K 39 7 115 M
TEK 16 4 0. 25 m¥/(m?-d) 258 F iz 78 XF TN
Y 2 BRASCR AT

—m— K
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Fig.4 Changes of TN concentration in effluent from

subsurface wetlands
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N T 1l 32 5 e g A2 2 R K A v 1
(DL 5 B B 25 0 Bl A 0 o e g W B L DL 3 L I i
FH 5 00 HiuAE P 6] Wl (g IR ISR G AR AKOT- T TV
H A H K TP 4 0. 12~0. 31 mg/L, T ELIE LI Hb
450.13~0. 32 mg/L, W& 5 Fis, & H K TP A H
HBEMZET(P>0.05),
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—e VF ik
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Fig.5 Changes of TP concentration in effluent from

subsurface wetlands
B RE R TRLT R LY LR T 183 ) L ) A R K 1
0.25.0.50.0.75 F1 1. 00 m*(m*-d) &t 7K TP ¥ Jif
43514 0. 20~0. 31.0. 16~0. 28 .0. 13~0. 25 F1 0. 16~
0.32 mg/L, V- 34 F Bk 3 53 5l Ry 75.31% . 65. 12%

51.09% F184.37%. 1] W, , 3 L1 i 1 b 7E 7K g 1
i 4 1..00 m¥(m*-d) Z5 4 N 1247 I X5 TP 1Y 2 B4k
BB . U0 KR 2K B IR R, K g B
7 °0.25.0.50.,0. 75 F1 1. 00 m*/(m?-d) i tH /K TP
e FE 43 5 A 0. 19~0. 31, 0. 12~0. 28, 0. 13~0. 22 FlI
0. 14~0.30 mg/L, V- ¥ 25 BR 2 43 il 24 76.27%.
77.30% .52. 43% F1 85. 37%., 1] W, , 7K F- V5 i 1 Hb
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Tab.2 Correlation coefficient between removal rate of water quality indexes and hydraulic load of vertical

subsurface flow wetland

W H KIptisa | #EK COD e PEKTN | #EK TP CODL | NH,N TN B3R | TP L%
NH,-N = LBRE
7K 7 1 fa 1.000 0.220 0.122 0.256 0.130 -0.021 0.171 -0.297 0.056
H#EK COD 0.220 1.000 0.522" 0.266° 0.705" | 0.672" 0.282° 0.512" 0.546"
PE7K NH,-N 0.122 0.522" 1.000 -0.284" 0.003 0.422" 0.309° -0.009 0.331°
HEK TN 0.256 0.266 -0.284" 1.000 0.615" 0.096 0.071 0.268" 0.362"
HEK TP 0.130 0.705" 0.003 0.615 1.000 0.419" 0.285° 0.416" 0.609"
COD Z[R% -0.021 0.672" 0.422" 0.096 0.419™ 1.000 0.455" 0.281° 0.410™
NH,-N %% 0.171 0.282° 0.309° 0.071 0.285" 0.455" 1.000 -0.266 0.483"
TN ZBf% -0.297° 0.512" -0.009 0.268' 0.416™ 0.281" -0.266° 1.000 0.039
TP LB 0.056 0.546" 0.331" 0.362" 0.609" | 0.410" 0.483" 0.039 1.000
o #FRIRTE 0.05 K AR DGR B3 5+ 3R/RTE 0.01 AP ARG B2

F3 KEFREMEEREREMAKAAFTHEXEREY
Tab.3 Correlation coefficient between removal rate of water quality indexes and hydraulic load of horizontal

subsurface flow wetland

. Kk . . COD %Bk| NH,-N e, | TPEER
5 AR | BACOD | O T HPKIN ke | TN | IR
K1 1.000 0.022 0.122 0.256 0.130 -0.197 0.252 -0.281" 0.014
7k coD 0.022 1.000 0.522" 0.266° 0.705" | 0.462" 0.269° 0.592%% | 0.511"
7K NH,-N 0.122 0.522" 1.000 -0.284" 0.003 0.277° 0.248 0.035 0.282°
K TN 0.256 0.266° -0.284° 1.000 0.615" | -0.229 0.105 0.280° 0.279°
ek TP 0.130 0.705™ 0.003 0.615 1.000 0.023 0.233 0.446™ 0.586°
COD LR -0.197 0.462" 0.277" -0.229 0.023 1.000 -0.044 0.242 0.098
NH,-N £ 0.252 0.269° 0.248 0.105 0.233 -0.044 1.000 -0.288° 0.318"
TN KBr#% -0.281" | 0.592%* 0.035 0.280° 0.446™ | 0.242 -0.288" 1.000 0.255
TP KBR% 0.014 0.511" 0.282° 0.279° 0.586° 0.098 0.318" 0.255 1.000
W RIRFE 0.05 ZK A B3 5+ RARTE 0.01 KA G 3%
3 &# @) Pearson HHICHE BT 2 B, WA Hb Y 7K )

D EMFEIK S AR F ARG — e TS TN BR800 G, KR I 5 K B
Hi 7K o COD NH,-N TN, TP 4 5 B AR B B % 3608 RER LIS K A bR KRR Z MAF 1 —
P AR A

@  FEAEAK S0, 25 mY(m2-d) 154 T,
T BV 0 X COD RITN (1 2 R R4 ik 8 BEE:
71.98% 1 69. 01% , /K F-i& i Hbxt coD RITN g [ 1] #EEA, BACE, Bomnt, 5. &Rk IR A FEL
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