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Difference Between Subsurface Wetlands for Different Water Treatment
WANG Sheng', XU Zuxin', LI Huarzheng’

( 1. Institute of Aquatic Environment Integrated Rehabilitation, School of Environmental Science and Engineering, Tongji
University, Shanghai 200092, China; 2. Shanghai Academy of Environmental Science, Shanghai 200233, China)

Abstract: By analysis of oxygen balance and material balance as well as empirical study, contribution of root oxygenation, water
carried oxygen and plant absorbance of nutrient in subsurface wetlands ( SW) was examined, and free drainage in substrate was also
adopted to check its effect on air transfer. The results showed that plant play important role when SW treating surface water with low
concentration of contaminants. In such case. root oxygenation and water carried oxygen sustains the substrate aerobic and so effluent
DO> 0; N and P removal is stable for plant absorbance and media adsorption. However, in the case of higher load, namely domestic
wastewater, role of root oxygenation becomes <20% and effluent DO =0. It is also found that amount of nitrate and nitrite bacteria
are only 1/ 1 000~ 1/ 100 of amonifying bacteria in saturated substrate, which has strong negative effect on antrclogging and nitrogen
removal. Nitrogen removal percentage is often <20% . Phosphorous initial removal percentage is 54% , but decreases to 5% after a
year operation for the consumption of absorption capacity. Because pollutants load is too high for root oxygenation and plant
absorbance and media absorption, limitations do exist in SW for domestic wastew ater treatment. It is necessary to take use of air-
reoxygenation in SW. The results showed that COD .NH;-N .TN and TP removal percentage of SW with high water lever was
79% ., 34% ., 36% and 34% and those of SW with free drainage was 79% , 88% . 14% . 69% ., which suggest that only air transfer
is used properly. total nitrogen removal could be achieved in single-stage wetland.

Key words: subsurface wetland; constructed wetland: material balance; oxygen balance; air transfer
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Fig. 1 Sketch map of down flow wetland
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Table 1  Strength of oxygenation and absorbance

by plant/ g*(m*=d) ™"
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Fig. 2 Physical model of material balance

in subsurface wetlands
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Fig. 3 Ratio of oxygenation strength to BOD load in subsurface wetland
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Table 2 Contribution of plant on nitrogen removal in subsurface wetland/ %
v q.l’m“‘(mz‘d)' !

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 |
0.5 600. 0 300.0 200.0 150.0 120.0 100. 0 85.7 75.0 66.7 60.0
2 150.0 75.0 50.0 37.5 30.0 25.0 21.4 18. 8 16.7 15.0
5 60.0 30.0 20.0 15.0 12.0 10.0 8.6 7.5 6.7 6.0

10 30.0 15.0 10.0 7.5 6.0 5.0 4.3 3.8 3.3 3.0
20 15.0 7.5 5.0 3.8 3.0 2.5 2.1 1.9 1.7 1.5
F3 HEVENER
Table 3 Microbiological mass in substrate
Bt S e T S AN S5 A 44 40 1 K e T B A e A T B
. ] X 11 . om
Aoy 14! 14! g

25 48 000 000 16 000 480 000 480 000

[ i3 50 11 000 000 2200 280 000 50 000

63 4 700 000 31 47 000 26 000

25 27 000 000 10 000 270 000 100 000

IEHER 50 1 000 000 1000 10 000 1 000

60 1 000 000 160 27 000 1 600

2.2.3 LR

¥ 7K PP B T ¥ U M b O S M A Rl A
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YIFALIR AR, of (mPed), d1-T 38 0003 b S HE BR ) 4%
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P'I Pm
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(7)o SR DR A B BR R, AR 4. At

R, =

JOEAR B LA A 2 W B R 3 O LB, G 3 A g
(¥ BR PE 4 8 8 740 PO3™ [ s 78 A S 1O fk 2
MR B S B 43727 T LA 1 Bk i 05 B A A 5
W AR £ 39 R 1T A, H1 3R 4 ) 0, 4 Ak BRAG IR i Hh
FKIF(Pin< 0.2 mg/ L, T1$7K) , R4 W o3 R 11
PRI A N A W L R VATEE S E YR N
ROR i A B R) 4 . 4 Ab B AR VS TS K I (P> 2
mg/ L), f4) vTik 2Bk %< 10%, R, L E@ P,
SCHR, H1 TS RS i, A 5O B A i R PR, B
BERCR — L e i HF 1~ 2a 240, B 4 AR5
P 7 AN [ I ST B R P e B L i AT T 3 AN A,
BEATI4 3.7 mg/ L, KP4 1.72 mg/ L, 2%
B 54% ; 384T 1a Jid, BT IE 1. 12 mg/ L, HK
SEIAE 1. 07 mg/ L, EBRFRNA 5% .

x4 EHTMAMERE %

Tadﬂe 4 Clllll I'il}lll on llf |}|illl| on p}mﬁp}mrnus I'('?Til()\v'i]” %

!_H’mj'( mz'd} -1

ro 0.1 0.2 0.3 0.4 0.5
0.2 200.0 100.0 66.7 50.0 40.0
0.4 100. 0 50.0 33.3 25.0 20.0
2 20.0 10.0 6.7 5.0 4.0
5 8.0 4.0 2.7 2.0 1.6
7 5.7 2.9 1.9 1.4 1.1

0.6 0.7 0.8 0.9 1

33.3 28.6 25.0 22.2 20.0
16.7 14.3 12.5 1.1 10.0
3.3 2.9 2.5 2.2 2.0
1.3 1.1 1.0 0.9 0.8
1.0 0.8 0.7 0.6 0.6
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5 90 RN R GE UK P i R Sh iR K= 5.1
mg/ L, K S MR h fe ¥ = 3.3 mg/ L, JLLBR T
1.8 mg/L; J§ii7K BODs= 3. 1 mg/ L, Hi7K BODs= 1.2
mg/ L, 36557 BODs 1.9 mg/ L. 25 B 1) i B R 46
FRECH BODs AR, 36 W4T HL o4 f 3 0 A= 4k i

1822 ik, BIVRSURE R AR AT BLBTAE A B 1 A7 U5 . 4
NRYGEEBRI BODL= 2.79 g/ (m*d) , IXAMEAL
TERE/NF-3R 5 v () U v b (i A0 B, i FLtB /1
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o, FE T A Dy i R 0 A B B S U M R 4k K
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PRAL( W2 1) . dhah, o200 N O I S0 ER B, sk
VEHT B S8, 1H 2 B = B8 1) SO A A 858, TN A S d
Y, AHLE NHE -N 12 BRI, AN R 4
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B % 68.83%, Z# 4 TP 2B & % 4 0.053
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3.2 ARGV KR EE S
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Table 5 Oxvgenation strength in Yuxi Wetland

WFT K/ m B/ m PRI m?
A 13.00 10. 80 140. 40
AT 13.00 22.30 289.90
Gt 13.00 9.20 119. 60
AT 13.00 23.80 309. 40
BIER 13.00 10. 80 140. 40
ST — — 999.70

G Tw ARIE s HiAh i STk
fme(med) ! fge(mPed) ! 1%
7.12 24.37 12.31
3.45 13.35 22.47
8.36 28.08 10. 68
3.23 12.70 23.63
7.12 24.37 12.31

1.00 - -

1) Wit SO 1 G ERAE 3.0 f (m®ed)

AP G b DR g 98 b N VR AT K,
KW RN 2.0 mg/L, 1)K Jy g 0.5
m?/ (m?ed), W VAR IE N 2 x 0.5+ 3= 4
g/ (m>=d). 2 W, YUvE i K B/C= 0.35, kK
COD= 70 mg/ L, 0] 5 BOD, fifii= 18 g/ (m>*d),
LA LA SRR K 1L ANBCR A, DR B i P A Sl 4/
PRATER S, W H K DO =0 mg/ L, 7K COD #4i
45 mg/ L. JEJR B Z ASTL 40 g ( W& 3), NHE -N %
12

EATHIAA

TP/mg-L-!

50

40
im— 16
® 2

10 12

0 ! 0

R, BRSO KP4 7. 4 mg/ L, thKF 5
6. 1 mg/ L, VIR IRH 18%, {5 5 A& E
Hffy NH3-N 2% 16. 5% 38" TN % 150
5 NHE-N A5, B17HI, TP i % Brfie h RiF; A
AEIEAT 1a LU, JLTRER T REREED), WA 4.

£ b, i K A FEEOR T TR B i 3R K
S ER I IS R s 1% BAR P T2 5 K AL TR,
T F0 U T L5 S SR A AL, DA S A 0

60 6
EfT1af5
50 | -5
40 - 44 .
§ 2
% 30 —sg
-Iﬂm_ 49 F
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0 1 I I
itk WAk
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Fig. 4  Influence of operation time on phosphorous removal in subsurface wetland
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B MR B2 34% , 1128 3% 20 e Hi A B S B s 3
T 69% . 21 W B OR WP AT 2 AN AT RESR R ©
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Fig. 5 Effect of free drainage on purification

Pl 5( ¢) AT A5 M B i R O AE NHE -N 23 B
J5 T FRD6) EE. RS 56 TF 4R 2 BT, 2 B b #B 5 R
B IEAT. BT ) N G T 2d, i S
TR 22 5 A G S 3d PR, Tk s
TR RASA, P52 WO NHE -N L BRAE )
Fraa s, JF FCRER B S, JCH K b NHE -N 3R %
FroG — i OEG; 58 5d LAJG, 9% 25 i i K NHZ -N

REF/ANT 2 mg/ L. AHLEZF, 5 B Ho X NHE -N
M2 BRfie ) — HANR, HK NHE-N #2631l
6.65 mg/ LIl LA K I AK il SEHE o 51 3
AL B, PRI X NHE -N [ EBR%E N
30% , 0 A B S AR T 4%, B BREN
34% ; 8% 25 W M AL B S NHE-N 25 B R 41 v 31
88% , WA+ W L.
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B, P A IBATAE O3 R I A PR BE 1 [ I
HMERE 5T A B Z RO AR S, AT TN (1 256k, W
Bl 5(d). BAAE K I KT Ay S HEvH T BB BR %, 1
Tt FIPTIE I TN (2 BRE N 27% , &0l i
i A F B B 36% , 1028 T A b Ak B s T T A
3 14% , RUT-1E7K 25 b A7 Z R

T b 3K — S nT DAIE B, 5 A SR TR <
4B KI5 AN X 2 Bl iEM L, KR A
IR B A 2, M 2 (A ASTE — ANl LU 42 531,
R, KAy AU St 20 G Bl H, A3 T
UF A X R 40X 2 1) L5 A5 B, A i 52 90 e 2011 dge
ZLH 1. XA, 17 LA GB18918-2002 11— A
BRUE S HEBOK R H bR, Ho WAl NHE -N <5 mg/ L
TN <15 mg/ L. 3 BUSITIF NHE -N @B br JLE K, K
Mg 2 ia 47 5 L5, — Jr i i 7K NHI-N< 2
mg/ L; 55— 7 AT H KK TN W EBAR, HUIE )5
C/NT 15 mg/ L, BARE I8 % TN 125 B A )
BeE (BRAS LW E] TN (8 bRHE. K, %25
IEATRE AT A T NHE -N A TN 48 b5 [7] 5 B ik
b, 1 FLAE TP 2: B th A7 R, 50454 10 H 52 b,

5 it

(1) AbFEIKJTAN [, AR 7 5 A ik 2t o 1) £
AN, 3K I O AL P A R B S A 4
Kb FRAR AR S MK I, bl T HE KR LA, R AT 3L
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