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Treatement Efficiency and Permeability of Vertical Flow Constructed Wetland in Different Gradation

Substrates
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Abstract: When constructed wetlands(CWs) were applied in the sewage treatment, the clogging of the substrates appeared to be the crucial
limited factor. Therefore, anti—graded system was proposed. This paper presented a comparative study on the treatment efficiency of some
main pollutants including CODg, TN, TP, NH;-N and the permeability between progressively —graded and anti—graded vertical flow con—
structed wetland system. The results showed that in the two gradations, the comprehensive effects to main pollutants were significantly higher
than that of the system which was filled with single size anthracite. The progressively—graded system showed better performance in the re—
moval of CODg,, while anti—graded system in the removal of TP. As for the removal of N, there was no significant difference between the two
systems. The depressed extents of available porosity rate in different layers of the anti—graded system were similar. While in the progressive—
ly—graded system, the depressed extents of available porosity rates in surface and upper layers were significant higher than those in middle
and bottom layers. Variation of penetration coefficient in the progressively—graded system which appeared the upper backwater for a long time
was obviously greater than that in the anti—graded system. These results indicated that the anti—graded system had advantages to slow down
the clogging, prolong the longevity of the substrates in CWs, as well as maintaining higher removal efficiency.
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Figure 1 The schematic diagram of the experimental unit model
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Table 1 The water quality of the inflow and the loading of

pollutants in every system

FEER COD, TN TP NH;-N

B Fi/mg L7 707.69+94.45 34.63+9.04 3.29+0.22 23.40+0.97
B /g m?d? 63548 31.10 2.95 21.01
g/ 30£2.4
SRR E/C 337

1.4 FERWNIEFRKEFZE

EHHEITH, BRI K E pH. DO,
COD TN TP NIL-N 454545, RBHIEE NSRS R
BEMARILRE., RENHKRESOKKBIR, I
HEBIEER K e tak A E Z IR Rt
204 COD R FHE B FRAF L s TN SR H i B BR PP - 4851
SHGIEE Y TP R B o E AL - B P H a1k
NH;-N RG] bR B AL SR I
LR 2 B K B AR T RIET, Bl R B
(I 22 2 BE - TS50 J7 b 1 (GB/T50123—1999)
oY KSR AP TR
1.5 #iELE

W %€ 25 1 SPSS13.0 48 it 4K /£ # 4T One—way
ANOVA J5241#7, H LSD 3T ¥ 2 E AL,
B EHIKFE 0.05,

2 GRESH

2.1 #Hsk pH & DO

HE2AUES,3 MRS HK DO BEHRFEMK,
SR ESN, I SREHK DO BERT I SRAH
7K(P<0.05),1.2 5 &G H/K DO AF{ER EHEER
(P>0.05 ), 3X 3 WH R TH F0R: 22 i 1 &2 80 F 3
TRM/NIRLEL T, AW R FE S B X 7K DO %
WA K ; BEAE A7 I E] R EE S, 7K DO ¥ 230 T
B PR, X S RMAEYRN R X, FENA
YIRS T S HEA S AR, 3 N RG K pH

%2 3N E4iHHAK DO & pH
Table 2 The DO and pH of the outflow and inflow in

the three systems

LR K 1 SREHK 25R5HK 3 5REHEK

DO/mg-L*  4.05£0.28
pH 7.37+0.24

1.03+0.17 1.00+0.18 0.85+0.17
6.07+0.21 6.08+0.25 6.00+0.23
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Figure 2 The removal efficiency of the main pollutants in the three systems
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Figure 3 Variation of available porosity rate in the

experimental period
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Table 3 The depressed extents of available porosity rate in

different layers
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Figure 4 Variation of available porosity rate in different layers of the three systems
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Figure 5 Variation of the quantity and the head loss of the outflow in the three systems
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Figure 6 Variation of penetration coefficient in the
experimental period
3 #ig

(DIER AL R GAEXS T2 R L BRI TT
LT — R AR R G

)FEFANAGTIBIT RO T, ERRBL AL H
K pH AMFAEBENZR . RAMRLEH HKIFAE

ERTIERRASG, ERALRGN COD 12k
BMF(63%) B ER TRABLEAT(58%); 78 TP (5
BRITH , RBFLR G- B BFREN 2%, BE R/ T
IERIL R LGB 64% s FAFFL L ZRAEXT R Y 22 B5 b T
BABEEER,

(3)FEIK 1R 900 mm-d BEFF4M4 T, IF
RIR B HEERE B ERKEWRMER 1/30, BEiE 5
ZETRPBRS.

LA FRG5E , FERIK 15T (900 mm-d ) A
BHLIAMT[(707.69£94.45 )mg - LB 1754 T, RHL
RGN LR AR TR 1 B e AL S R A
B, AR E R GRS ZE R, AT S K 3 5 A4 i
i pei

S 30k :

[1] Hammar D A, Breen P F, Perdomo S, et al. Constructed wetlands for
waste water treatment[M]. Michigan : Lewis Publishers Inc, 1989, 5-20.

[2] R EATARA LIHIM]. A5 BHE H iRkt 2008.

Wu Z B. Integrated vertical-flow constructed wetland[M]. Beijing: Sci—
ence Press, 2008.

[3] Blazejewski R, Murat—Blazejewska S. Soil clogging phenomena in con—
structed wetlands with subsurface—flow[]]. Wazer Science & Technology,
1997, 35(5):183-88.

[4] Turon C, Comas J, Poch M. Constructed wetland clogging: A proposal for
the integration and reuse of existing knowledge[J]. Ecological Engineer—
ing, 2009(in press ).

[5] Zhao L F, Zhu W, Tong W. Clogging processes caused by biofilm growth
and organic particle accumulation in lab—scale vertical constructed wet—
lands[J]. Journal of Environment Science, 2009, 21(6):750-757.

[6] BHER. B4 ERAEIEHKEIE 2B T 5 RMZRD]. b
5 o E R R BT A B L= AT 38 5C, 2003
Zhan D H. Studies on mechanism and strategy for long—safety of inter—

grated vertical flow constructed wetland[D]. Beijing: Doctoral Disserta—



F2OEHSH

K b H om B

¥ M 975

tion, Greduate School of the Chinese Academy of Sciences, 2003.

(7R3, 308, 3 W, 2. FEAALRT I T2 A TR R

gErr R ). B R, 2006, 32(3):16-18.

Yuan Y L, Chang W Y, Zhang F, et al. Application of pretreatment tech—
nique of floobed to constructed wetland system[]]. Environmeni Protec—
tion Science, 2006, 32(3):16-18.

[8] SR EE, SR PAC 55 PAM & ZREERIXHR 1 #E 7K AL IR T].

L gl R 2240 ( B ARBREIR ), 2009, 29(4 ) :379-382.
Guo J L, Song Y Q. Using PAC and PAM composite coagulant to pretreat
constructed wetlands influent[]]. Journal of Shanxi A gricultural Univer—
sity( Natural Science Edition), 2009, 29(4) . 379-382.

(91 BEE, SR VB, BRI, 5. JURD A IR M SRR R MR AT 5T

A IRIERL2E ], 2007, 26(3) :894-898.

Cui L H, Zhu X Z, Luo S M, et al. The characteristic of phosphorous ad—
sorption on different substrates used in constructed wetland[J]. Journal
of A gro—Enwironment Science, 2007, 26(3) :894-898.

[10] Sakadevan K, Bavor H J. Phosphate adsorption characteristics of soils,
slags and zeolite to be used as substrates in constructed wetland sys—
tems[J]. Water Research, 1998, 32(2):393-399.

M ZERTE, £ F, 2, % AT RENEPT] sHHER
2£,2004, 23(34H]):5-8.

Mo F L, Wang P, Li S L, et al. Maintenance of artificial wetland system
[J]. Yunnan Environmental Science, 2004, 23(supplement ) : 5-8.

[12] Davison L, Headley T, Pratt K. Aspects of design, structure, perfor—
mance and operation of reed beds—eight years experience innorth east—
ern New South Wales, Australia[J]. Water Science & Technology, 2005,
51(10):129-138.

[13] Zhao Y Q, Sun G, Allen S J. Anti-sized reed bed system for animal
wastewater treatment: A comparative study[J]. Water Research, 2004,
38(12):2907-2917.

[14] EERAZARY SR, KFAEAK VI kM. 45 4 12 dbat . PEF
Rl R, 2002.

State Environmental Protection Administration of China. Standard
methods for testing water and wastewater[M]. 4th Edition. Beijing:
China Environment Science Press, 2002.

[15] s A R ER RS F40. + TR 4 BiniiM]. Jbat . B E
S RRAL, 1999.:68-74.

Ministry of Water Resources of the People’s Republic of China. Stan—
dard for soil test method[M]. Beijing: China Planning Press, 1999.68—
74.

[16] 3§30 N REFN AR A TR A AR S5 2 B D],
Jbmt . o EREBE I A e 52 A1 3, 2008,

Zhang X L. Studies on performance of purification and influence on

clogging of vertical flow constructed wetlands with different filter media

[D]. Beijing: Doctoral Dissertation, Greduate School of the Chinese A—
cademy of Science, 2008.

[17] Whle. 32 B3 IR A5 e R PUERT D). 1% REh K
2EHE A8, 2007.

Ye J F. Research on removal mechanism for pollutant in vertical -flow
constructed wetland[D]. Shanghai : Doctoral Dissertation, Tongji Uni—
versity, 2007.

[18] Yang Q, Chen Z H, Zhao J G, et al. Contaminant removal of domestic
wastewater by constructed wetlands ; Effects of plants species[]]. Jour—
nal of Integrative Plant Biology, 2007, 49(4) :437-446.

[19] Tang X Q, Huang S L, Scholz M. Nutrient removal in pilot—scale con—
structed wetlands treating eutrophic river water:assessment of plants,
intermittent artificial aeration and polyhedron hollow polypropylene
balls[J]. Water Air Soil Poll, 2009, 197.61-73.

[20] H3dvk. Tk B B 45 RRDEEHE R AT E AW A LI R

g AL RE ) BIBTFE[T]. RV IR B2 22 4R, 2007, 26(5): 1905
1910.
Zhang X L, Zhang S, He F, et al. Effect of different filter media on the
treatment performances of vertical flow constructed wetlands at high hy—
draulic loading [J]. Journal of Agro—Emvironment Science, 2007, 26
(5):1905-1910.

21 3F THR, Bk 35 % A TIBHUER SR it s
FRBERE IS VLT LR, 2009, 3:416-418,

Zhang X Y, Ding W M, Chen H, et al. Study on static adsorption prop—
erties and dynamic phosphorus removal capacity of substrate in con—
structed wetland[]]. Jiangsu A griculturd Sciences, 2009, 3:416-418.

[22] 26, I I RN, 5. AR TR R TSRS ).
HIiERl2E, 2008, 29(7):1880-1883.

LiJ B, Wen Y, Zhao X ], et al. Effect of organic matter on phosphorus
remaval for substrate in constructed wetland[J]. Environmental Science,
2008,29(7):1880-1883.

[23] R@sg, Bk, T ¥, % AL R SND HLILLLKE DO pH

XEEA AT, FRE TSRS BIR, 2005, 27(6) :476-478.
Wu J Q, Huang S F, Ding L, et al. Mechanism on simultaneous nitrifi—
cation and Denitrification(SND) in constructed wetlands with emphasis
on DO and pH effect[]]. Environmental Pollution and Conirol, 2005, 27
(6):476-478.

[24] Siegrist R L, Boyle W C. Wastewater induced soil clogging develop—
ment[J]. Journal of Environment Engineering, 1987, 113(3):550-566.

Bt KA TTERAXMR LA S NS T R
BPAT TR, B SRR L KRB AN AN #4575
WSCHEAE ST TR A T 1 SRR BY 7 — SR



