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Study on the Effect of Total Phosphor Removing by Constructed Submerged

Hydrophyte Bed for Urban Landscape River

LI Jin-zhong'*, LI Xue-ju®, LIU Xue-gong’, HUANG Sui-liang'

(1. College of Environmental Science and Engineering, Nankai University, Tianjin 300071, China; 2. Tianjin Institution of Water
Sciences, Tianjin 300061, China)

Abstract: A kind of modularized and air adjustable constructed submerged plant bed ( CSPB) was used to restore the eutrophic water.
This CSPB helps hydrophytes to grow up under poor conditions, like frequently changed water depth, blurred water transparency, algae
bloom and duckweed rampant in summer, which are not suitable for growing water plants naturally. The experiments in Waihuan River
of Tianjin show that total phosphor (TP) reduces 30% -40% in growing season and 7% -20% in winter when the detention time is 5. 48
days. The variation between the concentration of TP and the detention time follows the first-order kinetic equation, the correlation
coefficients (R*) is above 0.9. The attenuation coefficients k of the kinetic equation changes with the water temperature. When the
water temperature is quite low or quite high, the value of £ is not significantly changed with the temperature of water. While when the
temperature is in a moderate range, an increase of water temperature leads to a rapid increase of k value.
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Fig. 1 Structure of the submerged plant bed
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Table 1  Retention time of the sampling sections

W R T PEE K BT RS /m 4R )/ d
15 (kK Wi A ) 0 0
25 60 0.73
35 120 1.46
45 180 2.19
54 240 2.93
65 300 3.66
75 360 4.38
8 5 (K Wi ) 450 5.48
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Table 2 Survival rate and growth status of plants in different water depths
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i 50 900 486 54.0 — A BOR T 2

80 900 98 10.9 55 A bR R T

30 900 704 78.2 AR, R R 2
KA 50 900 531 59.0 — &, BUR T AE

80 900 104 11.6 98 55, To R

30 675 546 80.9 AR IR R RE R %
JaE 50 675 345 51.1 — & A BRI A

80 675 131 19. 4 9855, 43 A FUHr 25

30 450 312 69.3 IR RS A 3 BOR 3T 2
i 3% 50 450 178 39.6 — i, R KBRS B

80 225 35 15.6 I8 55, R R LA AR 2

100
475
E
f
P 150 ¢
& =
& %
3] —25
A%V 2
. | Y P S S S
—-— O O O Q@ G O GG 9 0~ I~ ~\O W
QAT IATIAT AT I T4
SO~~~ A A AT VDO 0 A G
~~~~~ SoccococoocoSSooS3S
B (A-H)
B2 #HARHKBEEBRETHES
Fig.2 Variation of TP concentrations with time
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Fig.3  Variation of removal efficiency with time
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Table 4  Relationship of concentrations of TP with the retention time
H 19 Kl € k LIPS 4 H 19 Kl o k (PSS 4
(4--H) /% /mg-L""! /d~! R (4-H-H) /G /mg-L"" 2 R
2007-10-17 18.2 0. 69 0.015 0.998 2008-06-10 24.3 0.79 0. 080 0.998
2007-10-22 14.5 0.76 0. 049 0.999 2008-06-16 23.5 0. 69 0. 082 0.998
2007-11-05 13.1 1.16 0. 048 0.999 2008-06-23 26. 4 0. 65 0.071 0.998
2007-11-12 11.0 1. 11 0. 045 0.998 2008-06-30 26.3 1.15 0. 082 0.998
2007-11-19 7.0 0.92 0. 041 0.998 2008-07-07 26.5 0.98 0.070 0.998
2007-11-26 6.2 1.07 0. 045 0.998 2008-07-14 25.9 0.83 0.077 0.998
2007-12-03 5.5 0.76 0. 021 0.998 2008-07-16 25.9 0.73 0.083 0.998
2007-12-10 4.3 0. 64 0.018 0.998 2008-07-21 25.0 0.48 0. 084 0.998
2007-12-17 3.5 0.70 0.016 0.998 2008-07-23 25.2 0.56 0. 095 0.998
2007-12-24 4.0 0.70 0.022 0.998 2008-07-28 25.4 0.46 0. 081 0.998
2008-01-02 1.5 0. 80 0.014 0.998 2008-07-30 25.0 0.45 0.071 0.998
2008-01-07 2.0 0. 65 0. 027 0.998 2008-08-04 26.9 0.59 0. 081 0.998
2008-01-14 3.0 0.70 0. 028 0.998 2008-08-06 26.5 0.87 0. 085 0.998
2008-01-21 1.8 0.45 0. 049 0.999 2008-08-11 26.3 1. 10 0.078 0.998
2008-01-28 2.8 0. 68 0.012 0.564 2008-08-13 27.2 0.99 0. 087 0.998
2008-02-25 5.3 1.63 0. 065 0.999 2008-08-18 25.3 0. 86 0. 082 0.998
2008-03-03 7.6 1.36 0.079 0.998 2008-08-20 24.1 0.85 0. 081 0.998
2008-03-10 15.0 1.42 0.071 0.998 2008-08-25 24.7 0.85 0. 081 0.998
2008-05-05 19.0 1.50 0.079 0.998 2008-08-27 24.8 0. 86 0. 082 0.998
2008-05-13 16.7 1. 60 0.072 0.998 2008-09-03 25.7 1. 16 0. 094 0.998
2008-05-19 18.2 1.22 0.071 0.998 2008-09-10 25.0 1.18 0. 089 0.998
2008-05-27 22.3 1.43 0.079 0.998 2008-09-17 28.1 1. 18 0.092 0.998
2008-06-02 21.5 1.21 0. 086 0.998
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Fig.4  Variation of k£ value with time
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Fig.5 Variation of k value with water temperature
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Table 5 The k value of TP in the model

st 1] 3~10 A 11 H~WwF2H
EAHYEE/d ! 0.079 ~0. 095 0.012 ~0. 065
3 itig

[ R B 3 T S5 UL TR 3 AT HE D DI RE , K TR
ARACRE TR, 32 30T TR IR 95 G B M), K AR T R A )
M KRS B BE ARG, b il R 5T 4 A, K A R A
AR AR ROME. DRI, 7 2R AT 7K AR AR WK S 1),
ZBU R SRON T BP0 48 e o5 728 7 356 2 1, A B A 1) v 55
TKAE AR R AT 19 H Y. AWF ST 3 A U
TUUARE 77 1Y, N A Y AR R BRI
AT RE MR K RS A TR K A 375 I JREAI | 38 2R
Z WA AF R KRR A KA 2, 35 4R &
IK A AE ) AR 4 ST 8 X 18 52 A 2 B R R K TR A
R E 5 QK AR HAT BT 5, w] 2 8 SR A K I
TR A ALY B DR SRR S R 9 e A B T B i A

N TUUR R G RBK A A YT Ak T 4% 00 s
. AR B AR B 10 8 IR I RE 1 R R IR E 5
SRR AR BRI AR 22 R
BE B AT A B A AR I AS R TR]. AN ) A o 25
AN TR Wl B9 25 Bk 22 7, LA RORE 1 9 o L
A L B — iR T BE A 3 A KA A R — 25
.

7K A B X W B 25 BR AL — A S A i ) B
e A A Y A BE AL F35 R0 A () A Wl o A0
Y 5HCED R U EE L. B, UK AR A %0 1
N DR R 1 25 BRACR BR 52 K RS2 i 41, nl g
3% pH DG BB AF 7RI 25 5 e S R I R B 52
1 pH ' B B0 77 76 TR 25 55 DR 30 i 25 BRAICR 19
WA A Bk — 4R

4 Hig

(1) BEHAL AT IE 5 KN TUURE AR T LLAH
PR KT BB B R R 1 5w | FR K
AT 40 K AT ) R T %6

(2) NTUUR X S B W] iy 25 BR &R il
WA K BIN EBBE LR IA R 30% ~40% , &2k
PR A BT B A SRR TE 7 % DA L.

(3) N T UTR 56 X P 7K AR S i vk 38 I 5% 13 I
[B) () A AT & — 2 3h Ty 5 5 72, K il = 5 7 A vh
kA EZERNE.

(4) kBBl AR 19 22 b a3 4F & S A 1S K th
25, RV A ek s AR as v B, A R AR AR X kA R 5
M) AN K T A e — 3 YR B N KR TR

TPE K RGP .
B %

[1] Fa®, S, 85, RAEUKA R Y TE KI5 4 ih B rb iy h
IWFFEHEIE[T]. HEE 5 YR B E R 5 B4, 2003,4 (2):
36-40.

(2] ks, dfhar, ™%, WREIHKERA Y -4 S8 2 BRR T
[J]. R 22240 ( B AAREARR) , 2005, 23(1) @ 59-62.

[3] BmeE, Wi BAEEYREEHENSEEITESHMLT].
[ AR R R, 2007, 1. 80-81.

(4] XBHRE, MU/NEE, AMIA. A0 M AT 45 2252 8 8L =00 ] OF
FELI]. WA S kAL, 2006, 9 31-32.

[5] B, LR, Bk, &8RRI KER YIS S LRI B
FUHERE[J]. AR FRBERL 22241, 2005, 24 (3§ T]) « 379-383.

[ 6] Shaltout K H, Galal T M, Komi T M E. Evaluation of the
nutrient status of some hydrophytes in the water courses of Nile
Delta, Egypt[J]. Journal of Botany, 2009, 2009 1-11.

[ 7] Zhang X B, Liu P, Yang Y S, et al. Phytoremediation of urban
wastewater by model wetlands with ornamental hydrophytes[ J].
Journal of Environmental Sciences, 2007, 19(8) : 902-909.

[ 81 JIWRLL, Ak, EMAR, 5. A FK A6 6% AL A
REBRBCRIBLT]. BIAFRE,2008, 20(3) ; 327-333.

[ 9] Sorrell B K, Armstrong W. On the difficulties of measuring
oxygen release by root systems of wetland plants[ J]. Journal of
Ecology, 1994, 82, 177-183.

[10] Pempkowiak H O, Ozimek T, Haustein E. The removal of
biogenic compounds and suspended solids in a constructed
wetland system [ J]. Polish Journal of Environmental Studies,
2002, 11(3) : 261-266.

(117 ZEbREE, ARERFI, ¥ mil. AN TR sE )], 5
15 5B, 2006, 28(8) : 616-619.

[12] g4, idll, i, 5. WEAE SEAME YL
B 5 YK AT SE [ T]. FREERE A, 2006, 27(3) : 493-
497.

[13]  PhEIE, SR, 0%, 8 FiHEAKHL M X 5 Yo K 4 1 ¥ Ak 3L
RICEI]. IR AR (B2 , 2009, 44(1) : 12-16.



1284 E28 5 % 32 %
[14] W&, BHk, Iy, 55 R R & E 4 40w 36 H 1 microcystis  aeruginosa to  allelochemical ethyl 2-methyl

[17]

[18]

[19]

[20]

[21]

[22]

HXTE BRI SR )].
19(3): 114-117.

gy, SR, KA LA SR AR S (1], B
FIE R, 2009, 54(3) ; 287-293.

BER, BIUEE. R ERE R AR o F W
MU S R AETI]. T4 HEK, 2004, 30(2) : 1-4.

ERL, FR, EWN, & &8 AE AR K g X E
BRI IBAERLT]. AR, 2007, 19(3) : 321-325.
PR, BIBCE. PR T EMA X4 2 0 3 3 A K &
WRERP MBI [T]. HEERS, 2007, 28(9)
2058-2062.

ff i3 Y R AR, AR EAIN, AL DO P T K AR P 0 e EE RO
[J]. AR, 2005, 17(1) ; 75-80.

Li F M, Hu H Y. Allelopathic effects of different macrophytes on

7K PR HF2E 4], 2005,

the growth of Microcystis aeruginosa[J]. Allelopathy Journal,
2005, 15(1) : 145-152.

Hong Y, Hu H Y. Effects of the aquatic extract of Arundo donax
L. ( giant reed ) on the growth of freshwater algae [ J].
Allelopathy Journal, 2007, 20(2) : 315-325.

Hong Y, Hu H Y, Xie X, et al. The responses of enzymatic

antioxidants and non-enzymatic antioxidants in cyanobacterium

[23]

[24]

[25]

[26]

[27]

(28]

acetoacetate (EMA) isolated from reed ( Phragmites communis)
[J]. Journal of Plant Physiology, 2008, 165(12) ; 1264-1273.
Maleva M G, Nekrasova G F, Bezel V S. The response of
hydrophytes to environmental pollution with heavy metals [ J].
Russian Journal of Ecology, 2007, 35(4) ; 230-235.

Keskinkan O, Goksu M Z L., Yuceer A, et al. Comparison of the
adsorption  capabilities  of  Myriophylum  spicatum  and
copper and lead [ J 7.
Engineering in Life Sciences, 2007, 7(2) : 192-196.

PR T, R, MR, 5 PR T UT KLY B9 B0 K B #%
R[], KBRS ,2004,6; 8-12.

TR, FEEE, MR R, R R IR K AR R
PR sE m RAEER IR ()], M IR 5 R5E, 1998, 7(4) .
52-57.

Zah, 4. N TUURE ALK 58 s v i IF 5%
HEELY]. R AEERI 22253, 2006, 25 (3 F1) . 825-830.
S0 b= =L A BV ST - 7/ R RN AN
R ZE AR AL BGE B W [ )], AR A%, 2009, 18
(3): 1020-1025.

EERRET BN, & N TR IR BRI ], @
TEARAL B, 2004, 24(4) ; 56-62.

Ceratophyllum demersum for zinc,





