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Dynamic Rule of Organic Matter Removal in Vertical-Flow Constructed Wetland
YE Jian—feng1 » XU Zu-xin®, LI Huai-zheng1

(1. Shanghai Academy of Environmental Sciencess Shanghai 200233, China; 2.School of Environmental Science and Engineering, Tongji
University, Shanghai 200092, China)

Abstract: Based upon the analysis of the removal rate and form change of the organic pollutants with the different height of the vertical-flow

constructed wetland, it comes to the conclusion of the average longitudinal removal rate of variant forms organics and presents the influent
concentration and the hydraulic load curve. The results indicated that: Under this experimental condition; the reduction of the organics in the
vertical subsurface flow constructed wetland mainly occurred within the 0-10 cm substrate below the pipe distributor. In the meantime, the
smaller the hydraulic load of influent, the higher the removal ratio of the organic pollutants in the substrate section. Under the condition that
the vertical subsurface flow constructed wetland used the coarse sands as the substrate and kept the influent hydraulic load less than or equal to
0.5 m' /(i *d); the effective height of the organics removal was 60 cm. It also showed that the average degradation rate of different kinds of
the organic pollutants has a maximum value in the 0-10 cm substrate section below the pipeline. Moreover; the degradation ratio of different
kinds of the organics is in significant decreasing tendency with increasing the depth of the longitudinal direction along the pipe. Using sands as
the substrate in the vertical subsurface flow constructed wetland, the relationship of the influent concentration and influent hydraulic load can be
expressed by formula: Cc;, — ¢, ) X ¢ =1107.02-2.96 ¢;, X q.
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Table 1  Size distribution of grain in the experiment systems

WA G F /mm TR R TR 2 U %
>5 6.54
5~1.25 22.20
1.25~0.63 17.71
0.63 ~0.315 35.83
0.315~0.16 15.79
<0.16 1.93
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Fig.1 Schematic diagram of vertical-flow constructed wetland systems
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KA 2 R &Sk K 7 2, R IVAR A 1946 7K
KITHATH 0.5 m* /(D KA HLAATH 66.5 ~
136 o/(m’=d)s SN #% B (WA /KK 3 545 0.3
m’ /(m’ s D, BERKAHLAATH 39.9 ~81.6 g/(m’+d).
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Table 2 Water quality of influent in the vertical-flow

constructed wetland systems

YNJE R K AR AR B M
pH1E 7.0~7.9 7.3
SS/mg*1,! 64~192 113
COD/mg*1."! 133 ~ 310 225
TP/mg*L."! 1.2~2.7 1.8
NH; -N/mg*L~! 13.0~39.7 25.0

1.3 RJk
1.3.1 AWM S P A W s s )

AR RITE R B S + b2 R 71k, L B Ak
BAER w5 NSRRI TP IO — e ) T, 28
TR A2 P J5 B SEE T 1 mol/LEIBRE T, 1 60
~ 80°C PR HF 30 min /K, T4 7 3 v o RUIVE A=)
JEE A B o AT T R R AR AR YRR VR ) R
T EY WA FEFRER 0.45 pm JEE T
JE, JEUEE TR AL 105°C B HEA A HET 30 min
Ao, SR S D T R 2 Rk Tk AR )R
FEW & T AP S KRR S E T 550°C 1
TN FIRE 15 min £AI6E, LB 5 T 5 1 K F A
hy AT R A MR 4y
1.3.2 AHWE =R E

B HLACTCOD) R FH b B 4% B B2 0 o, ¢
il 1A HLA CDOC) [l e K ¥ PR 7K 48 0.45 pum U
AT 8 5 W B A WL B E , RORLPE A BIL
YICPOC) = B A ALY CTCOD) - WG Nl
(DOC).
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2.1 FEFEFEAHKREESEN

TEAN K I ttar (K44 00,5 m*/(m? o dD
F10.3 m*/(m?ed) ], T B 9 A T Hb T 7 95 2
TCODPOC A1 DOC e BEALAL G Lt &l 2 s
2.1.1 EFURZ AN LB SHT

M 2 1 rf LA H, POC A1 DOC fEAT K 84
N 10 em FEJFU)ZE N A ORI R

7E0.5 m'/Co” « DK I SAf 4548 F, a4 K 2
R 10 em 52 P, TCOD POC A1 DOC 25 B %
53N 59.05%+75.90% K1 50.88% ; 1M 7E A /K T
10~ 110 em MFEFZE N, =FH W EBRER KN
35.58%30.00% 1 36.90% .

1£.0.3 ' /(m® * DIK I far &40 7EA K 2
KE T 10 em £ Z A, TCOD POC F1 DOC 1) 2%
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Fig.2  Variation of the morphology and concentration of organic

matter along the vertical-flow constructed wetland systems
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Table 3 Removal situation map of different forms of organic matter in vertical-flow constructed wetland systems

1 [7) Y A2 0.5 m*/Cn? = D PG EAT T 0.3 m?/Cnd D FgT 41 F
1 % /em TCOD POC DOC. TCOD POC DOC.
0~10 SR T B 599 . SR T B 509% SURF B 709 SR 100% .
o Rl LR RV 86% el AL R 0B R 64%
S I ZAL IR 7% & 17t 5%
20 ~ 40 212 k> 10% 1S k> 25% A s
40 ~ 60 AR (RIT 39%) SRR 13%
- e — AR TR 1%) EATRECTF 49%) -
60~110 SEARECFE4%) AT R ag) T RECTEE 1% T T R B (T 190)

FEHEKHF 0.3 md/(mPed) KTt 14 F,
TCOD & S=AEAKE 24 N 10 em B2 A A FE 5
PSR T B3, fEATKE T 10 ~ 40 em BEE A 2
GBI, MAEAT K 40 em LA R FEALL FFa2 4R
A3 DOC 7EATKE 60 em LA H & EIEAL T1E
R POC EEATKE EAKE T 10 em ETUEN B
F R, IEARKE T 10 ~ 20 em FET 2 N L5 & X
AP BT DUNREIL S IR AL THEE .

2.1.3 A EIFR N LI AT R B A e

ME 3 HRTELE 7R 0.5 m’ /(m” « dDBEZK 51 A
AT, TCOD- POC F11 DOC 43 LA R4 25 B 1) 1 FiE 43
A 6020 F1 60 cm: MAE 0.3 m’/Cm” *dD 3 /K 571 fif
2T, TCOD~ POC #1 DOC 53 LA 2% 2= Bk 1 i B2 53
B4 4020 A1 60 em. B UL T UL, 7E RS AR O T H 7
PN VR 1R 3 L HE KK B 5 < 0.5 m’ /(= D
ZAER XA HY) 2B A = N 60 em.
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Fig.3  Average degradation rate of dissolved organic matter

along the vertical distance
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Table 4  Organic matter removal efficiency along the distance and the average concentration of bio-film and volatile bio-film in each layer/mg*mL ™!

e )z e 0.5 m* /(i * D FLfr 5 AF T 0.3 m*/(m? =) FLfar 55 AT F
/em /em DOC % B i G/ PER M AW DOC B /) PR AW

0~ 10 10 87 0.010 10 0.001 40 88 0.012 25 0.002 55
10~ 20 10 0 0.011 20 0.002 35 21 0.008 80 0.000 95
20 ~ 40 20 17 0.009 25 0.002 25 2 0.007 80 0.000 85
40 ~ 60 20 9 0.007 00 0.000 65 21 0.007 25 0.001 40
60 ~ 80 20 6 0.006 05 0 2 0.005 50 0.000 90
80~ 110 30 1 0.004 85 0 0 0.004 45 0

M 3t DUE S 7EAT K 241K R 10 em
AL PRI S5 J2E N PR PR AT LA 1) ST 28 1 £t 3ok 4 S Ak
TR, Hoh R R VAR W 7R 43 i D 310.71
kg/(kged) [ 0.5 w’/(m?ed) 4% fF F 1 F 172.55
kg/CkgsdL0.3 w’/Cm” « dDAAFF 1s B U FE R L W
S, VAT L) 1) S 359 il 4 A S 2o v
HAED LR 730 A 0~ 69.23 kg/(kg*d) [0.5
m’/(m®  DZAE R TFI 11,11 ~ 110.53 kg/Ckg*d)[0.3
m*/(m? D EAE R 1, R & BLAE 40 ~ 60 em =1 4k
(1R T A SR i T TR AT LA~ g o fie k¢
PR AR KA LR 10 em 2550 1 A WL T 38 B fid
B L, TR 5 /Ay
2.2.2  HE[HTFE TCOD F1 POC P34 L Br o Bt

BRI PEE WU N T b () L B £ 24T 2 B
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o ) U RSP B BB AR 0 WK 4,
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g 40r g 40
2l oy
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100 | | | | 100 | | | |
-2 0 2 4 6 8 -2 0 2 4 6 8
ZFH/kg-(m-d)! LB #E/keg-(m-d)!
4 EEHREEENY.FAEENYERNTHERE

Fig.4  Average removal rate of total organic matter and

particulate organic matter along the vertical distance

M 4 vn] DU HY 7 2 [ 1 R 00 A1 K A 28 A1
KA 10 om T2 7, A HLA)ANORL PG HLA)
1) 2 B R B e =, 70 ik £ 5.63 kg/(me D F 2,36

ke/(m*d)[0.5 m*/(m?*d) ]+ 6.68 kg/(med) Fl 3.38
kg/CmedDL0.3 w’/Cm® = d) 1, [ St ] BAAS HE gk 7K 7K
D3 A /N, AR 52 ) AT WL UKL 1 AT LA
{12 B g A R K AR AT K R 10 em BLF 25T
JEH S A U RORE I AT HLA 2 ik ()~ 2 4 44
BN, I AU B R LB R H A 1.05
kg/Cmed)L0.3 w’/(m” * DA 520 ~ 40 em 5T )2
W 1, [ 23 [ 7 Aar AH N R 0RE AT HLA) B K 25 B % 4
0.98 kg/(med).
2.3 I EFN TR B s K
2 R RN T A R A Sk g R

CH 0= BN 60 em) , R AN [F)75 B A7 g 45 11 AT
WUIALE A7) v o2k 5T J2 11 1) 26 B FEE 45 L P 3
ZERHE A &R 5.
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Table 5 Average removal rate of total organic matter

and its fitting curve along the distance

A 15 YL B I 4 U

127 g=(n+d) ™! 76 g (n+d) vy LB

0~10 5.63 6.68 y=8.24-0.021x
10~20 0.26 -0.34 y=-1.23+0.0125

20~ 40 0.41 1.05 y=2.00-0.016x
40 ~ 60 0.30 0.19 y=0.026+0.002 2%

AR 1t 7K 5 G S Ay B (1 o A < s 1, T LA
(SR IO /AW

(cin_cum)xq = Zvihixl(f (1)
i=1

Ky o, WHEKIE, mg/Ls ¢ N KR B, mg/Ls ¢
R AR I AT, w’ [ o dDs v, A T AR
AV L BRIESE, kg/(med)s b, N HRE
= B m.

g5 s hmala g, XD RIRA:

Cey = con) x g = 1107.02 -2.96 ¢;, x ¢ (2)

Z: YR B v /K AR B ) 5 e ) HE bR 4E ) (GB
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Fig.5 Variation curve of concentration and hydraulic load of influent in vertical-flow constructed wetland systems
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