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Sewage Cleaning Abilities of Five Wetland Plants
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chuan 750004, China)

Abstract; The sewage cleaning ability of 5 wetland plants,including Phragmites australis ,Scir pus validus ,
Lythrum salicaria ,Scirpus planiculmis and Typha angustata , were compared in constructed wetland sim-
ulated for domestic sewage treatment. The results demonstrated that: (1) The treatment system with wet-
land plants has higher removal efficiency to CODcr,ammonia nitrogen (NH, "-N) , total nitrogen (TN) and
total phosphorus (TP) than that without wetland plants (P<C0. 05). The removal efficiency of 5 wetland
plants were determined that ranged 80. 2% ~88.5%,98. 4% ~99. 3% ,68. 8% ~83.8%,89. 7% ~97. 2%
for CODcr,NH, "-N, TN and TP, respectively. (2) The five wetland plants absorbed most of the phosphor-
us in sewage (89. 7% ~97.9%) ,and the surplus in sewage were very little (2. 1% ~10.3%). There was no
retention in soil. The distribution of total nitrogen in sewage, plants and soils have very big difference. The
total nitrogen absorption of P. australis,S. validus,T. angustata were higher(76. 1% ~83. 4%) than that
of L. salicaria,S. planiculmis (45.0% ,46.8%). (3)For these 5 wetland plants, the ability of nitrogen ac-
cumulation is higher than that of phosphorus accumulation. The 5 wetland plants showed a distinct phos-
phorus and ammonium-nitrogen removal. The results of principal component analysis shows that P. austra-
lis,T. angustata and S. validus are the better ones among the five wetland plants in experiment of domestic

sewage clean,followed by L. salicaria and S. planiculmis.
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Table 1 Removal rate of CODecr in the sewage by five wetland plants/ %
. ‘ ‘ = K T P K
Date CK, CK3 Phragmz.z‘e.\' Sz‘zr‘pux I,y{/zru(11 Sz‘z.rpux. Typha
australis validus salicaria planiculmis angustata
7H 11 H Jul.11 30.2+3.2 ¢ 44,4+1.8 1 65.1£1.3d 71.24+2.0b 59.9+1.4 ¢ 52.6+1.3 ¢ 76.2%2.2 a
7H 17 H Jul.17 52.1+2.4d 65.3+1.7 ¢ 84.2+2.9 a 80.0+3.9 a 71.0£2.2 b 71.7£2.3b 79.2+4.5 a
7H 23 H Jul. 23 55.2%3.1d 71.2£0.8 ¢ 87.0£0.9 a 74.0£4.3 ¢ 72.6E4.5 ¢ 80.9£3.5 b 72.9£4.3 ¢
7H 29 H Jul. 29 61.552.0 ¢ 69.8+2.5b 85.2+2.3 a 82.5+3.2a 79.9+3.9 a 79.7+t4.5 a 85.2+4.0 a
8 H 5 H Aug. 5 60.8+1.8d 81.3+0.2 ¢ 95.84+0.1 a 95.14+0.2 a 90.1+0.1b 93.2+£0.5b 95.1+1.2 a
9 H 5 H Sept.5 59.7£1.7 1 81.8+0.2 ¢ 88.5+0.1¢ 93.8+0.4 a 83.3%£0.1d 89.1+1.2 b 90.1£0.9 b
10 H 5 H Nov. 5 58.3+4.9d 77.1+£0. 1c 88.5+0.05a 80.7+0.2b 80.27+0.2b 80.7+0.4b 83.9+2.2b
T AR R B TE 0. 05 KEAERERER TH.
Note: The different normal letters in the same row indicate significant difference among treatments at 0. 05 level; The same as below.
F2 SHIBHMBEWIITAK NL Y -NHEBHE
Table 2 Removal rate of NH, "-N in the sewage by five wetland plants/ %
i - o = EY TEE  REEE KG#E
Date P. australis S. validus L. salicaria S. planiculmis T. angustata
7H 11 H Jul.11 17.1£3.1 1 37.4+3.4 ¢ 46.0£4.7d 69.3+1.9 a 62.1£1.4 b 53.2£3.6 ¢ 66.7+2.8 a
7H 17 H Jul.17 42.7+3.14d 64.5+5.0 ¢ 87.0£5.7 ab 94.4+4. 1 a 81.3+1.8 b 86.7+4.1 ab 91.0+1.8 a
7H 23 H Jul.23 52.6+5.0d 75.3%4.4 ¢ 91.9+4.1b 99.4+0. 2a 97.0£2.3 ab 97.9£1.6 ab 99.2+1.2 a
7H 29 H Jul. 29 69.7+£2.3d 86.3E£2.7 ¢ 95.5+£4.0b 95.4%3.0b 95.0E£4.5 b 95.8+0.5 b 99.3%0.1 a
8 H 5 H Aug. 5 72.9£2.9 € 87.8+1.2d 99.2+0.2 a 97.6+0.1b 99.3+1.2 a 99.3+1.2 a 94.2+1.2 ¢
9 H 5 H Sept.5 72.44+3.6 ¢ 90.1+2.3 b 98.2+1.2 a 99.3+1.0 a 99.3+0.4 a 99.3+0.6 a 98.7+0.4 a
10 H 5 H Nov. 5 77.5£0.6 ¢ 92.9£0.9b 99.3+0.4 a 98.6+0.5 a 98.4+1.4 a 99.3+2.3 a 99.3£0.9 a
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Table 3 Removal rate of total nitrogen(TN) in the sewage by five wetland plants/ %

i oKL o, =y K TEE  RHNE KaEN

Date P. australis S. validus L. salicaria S. planiculmis T. angustata
7H 11 H Jul. 11 19.14+1.4d 26.0+3.1¢ 53.2+1.5a 54.6+2.0a 40.5+3.7 b 35.0F2.8 ¢ 48.1+4.4 ab
7H 17 H Jul.17 31.6+£3.0¢g 39.7+2.5f 61.3+2.9b 66.8+2.8 a 46.2+2.8 e 49.143.0 de 55.940.9 ¢
7H 23 H Jul.23 30.94+3.44d 19.74+5.7 ¢ 67.7+2.3 a 69.62.1a 59.1£2.0 b 62.3=1.7 b 63.0+1.5 b
7H 29 H Jul. 29 43.7£2.9 ¢ 57.2+4.2 ¢ 72.1%£2.5 a 78.916.3 a 66.1+2.6 b 65.1£3.3 b 73.0+1.6 a
8 H 5 H Aug.5 53.9+2.4 ¢ 65.4+1.8d 85.7+4.1b 90.5+3.5 a 71.0+3.6 ¢ 73.2+1.9 ¢ 84,1+3.0b
9 H 5 H Sept. 5 54.2+4.0 ¢ 65.7+1.6d 84.1+1.8 b 86.4+2.7a 77.6+3.4 ¢ 80.8+1.5b 82.4+1.8 b
10 A 5 H Nov.5 52.5+2.6 ¢ 64.3+1.9d 77.0+4.4b 83.8+3.4 a 68.8+1.5 ¢ 78.3+2.6 ab 76.1£2.9 b

R4 SHIBEHBEBYNTZ AP EBENERE
Table 4 Removal rate of total phosphorus (TP) in the sewage by five wetlands plants/ %

i KL o = BT FEE REEE KGEN

Date P. australis S. validus L. salicaria S. planiculmis T. angustata
7H 11 H Jul.11 33.8£3.0f 12.6+3.3 ¢ 66.9+0.4 b 68.7+2.9b 62.8+2.9 ¢ 57.1+2.8d 75.8+2.0 a
7H 17 H Jul.17 61.6+4.3d 74.4%4.6 ¢ 91.6+1.0 a 87.7+3.1a 81.3+4.0b 87.6+3.0a 89.0+1.8 a
7H 23 H Jul.23 61.6E5.4e 77.2+5.0d 96.3+2.4 a 87.0+4.1b 85.4+3.2b 90.9+3.7 ab 81.7+4. 2¢
7H 29 H Jul.29 66.4+5.0 ¢ 78.5+3.1b 97.3+1.2 a 93.6+5.7 a 96.640.6 a 93.6+3.4 a 97.9+1.2 a
8 H 5 H Aug. 5 69.4+1.4d 79.7+2.2 ¢ 97.1+0.5 a 95.0+1.1b 97.64+0.3 a 95.4+1.0b 98.4+0.8 a
9 H 5 H Sept.5 77.9+2.6d 83.3+2.2 ¢ 97.5+0.6 a 96.74+1.7 ab 97.4+1.3 a 95.5+0.4 b 98.3+0.3 a
10 H 5 H Nov. 5 76.0£4.0d 81.1+0.8 ¢ 97.3+0.3 a 97.940.4 a 89.7+0.5 b 97.3+0.4 a 97.3+0.2 a
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Table 5 Variation of domestic sewage pH of different treatments during the trial period

H 9 CK, CK, FiE KA Th% AT KA

Date P. australis S. validus L. salicaria S. planiculmis T. angustata
7H 11 H Jul. 11 9.24+0.1b 9.5+0.1a 8.1+0.14d 8.1+0.14d 8.0+0.14d 8.3+0.0¢ 8.2+0.1cd
7H 17 H Jul.17 9.6+0.1a 9.04+0.2 b 8.240.1 cd 8.14+0.1 cd 8.0+0.14d 8.1+0.1 cd 8.3+0.1¢
7H 23 H Jul.23 9.1+£0.1 a 8.8+0.2a 8.0+0.1b 8.1£0.1b 7.9+0.1b 8.0£0.0b 8.0£0.2b
7H 29 H Jul.29 8.9£0.2 a 9.2+0.1a 8.340.0 ¢ 8.3+£0.0 ¢ 8.2+0.1¢ 8.310.0c¢ 8.5+0.1b
8 H 5 H Aug.5 9.0+0.2 a 9.1+0.2 a 8.2+0.1b 8.3+0.1b 8.1+0.2 b 8.2+0.0b 8.4+0.2 b
9 H 5 H Sept. 5 9.440.0 a 9.1+0.2 b 8.7+0.1¢ 8.61+0.0 ¢ 8.4+0.14d 8.7x0.0 ¢ 8.5+0.2 cd
10 A 5 H Nov.5 9.1+0.1a 9.3+0.1a 8.3+0.1b 8.4+0.1b 8.440.0b 8.3+0.2 b 8.4+0.3 b

6 RBRHELEREBESERMEMNETWL
Table 6 Variation of total phosphorus content in soil during the trial period/(mg -+ g~ ")

F CK, AE KA NLES ) Ji FERERE K 7 i

Date P. australis S. validus L. salicaria S. planiculmis T. angustata
7H 11 H Jul. 11 0.67£0.01 a 0.65+0.01 ab 0.62+0.01 be 0.64+0.01 b 0.65+0.01 ab 0.60£0.01 ¢
7H 17 H Jul. 17 0.69£0.02 a 0.66+0.02 ab 0.63%0.02 ¢ 0.66+0.01 b 0.67+0.01 ab 0.61£0.01 ¢
7 H 23 H Jul. 23 0.69+0.01 a 0.58+0.01 d 0.62+0.01 ¢ 0.65+0.01 b 0.68+0.01 a 0.56+0.02 d
7H 29 H Jul. 29 0.69+0.02 a 0.62+0.01 ¢ 0.63%+0.01 be 0.63740.02 be 0.65+0.01 b 0.63%0.01 be
8 H 5 H Aug.5 0.6740.01 a 0.5940.01 ¢ 0.56%0.01d 0.62+0.01 b 0.6240.02 be 0.5740.01 d
9 A5 H Sept. 5 0.63£0.01 a 0.57£0.01c 0.597£0.02 bhe 0.59£0.01 b 0.62+0.01 a 0.57£0.01c
10 A 5 H Nov.5 0.62+0.01 a 0.55+0.02 b 0.57£0.02 b 0.60£0.02 a 0.60£0.01 a 0.57%+0.04 b

®7 RRPELTERERI=MAENTK
Table 7 Variation of total nitrogen content in soil during the trial period/(mg e+ g ')

H CK, AE KA AES ) Ji FERERE K 7 i

Date N P. australis S. validus L. salicaria S. planiculmis T. angustata
7H 11 H Jul.11 0.61%0.02 a 0.58+0.01 b 0.55+0.02 ¢ 0.5240.01 d 0.56+0.02 be 0.53+0.01d
7H 17 H Jul. 17 0.63%0.02 a 0.53+0.01d 0.53+0.02 dc 0.58+0.01 b 0.59+0.01 b 0.55+0.01 ¢
7 H 23 H Jul. 23 0.65+0.01 a 0.55+0.01 ¢ 0.5140.01 d 0.57+0.01 be 0.59+0.01 b 0.50+0.01 d
7H 29 H Jul. 29 0.67+0.03 a 0.49+0.01 d 0.5140.02 cd 0.53+0.02 ¢ 0.59+0.03 b 0.50+0.01 cd
8 H 5 H Aug.5 0.6140.01 a 0.394+0.02 e 0.4440.01d 0.4740.01 ¢ 0.5240.02 b 0.4440.01 d
9 A5 H Sept. 5 0.56+0.01 a 0.42+0.01d 0.43+0.01 d 0.46+0.01 ¢ 0.50+0.03 b 0.44%+0.01 cd
10 A 5 H Nov.5 0.54%0.01 a 0.42+0.01 ¢ 0.43+0.01 ¢ 0.4740.01 b 0.494+0.02 b 0.43+0.04 ¢
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Fig. 1 Accumulation ability of nitrogen and
phosphorus in five wetland plants
1. P.australis; Il . S. validus; [ll. L. salicaria;

V. S. planiculmis; V. T. angustata
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Table 8 Removal contribution to TN and TP in wetland plants,sewage and soil

A Ha g ZFUE Net cumulative by plants/mg 757K ) 43 it Surplus in sewage/mg + e ¥ i Surplus in soil/mg

Y

Plant P ™ P TN P ™™
P P.australis 209.6+£12.0 a 1362.5£93.2 a 0.4040.01 b 79.3£3.2b — —
KA S. validus 51.4+2.2 b 287.74+15.7 b 0.3140.02 ¢ 56.0%5.6 ¢ — 1.3+0.1¢
T3 L. salicaria 17.6+8.6 b 155.1£24.6 ¢ 1.50£0.05 a 107.8+13.5 a 82.14+10.9b
T FFEE S, planiculmis 47.7£1.9b 161.3+4.5 ¢ 0.40£0.02 b 74.8+9.7b — 108.9£15.3 a
KT T. angustata 197.5+6.7 a 275.8+38.1b 0.4040.03 b 82.44+8.6 b — —

T (R BAS ] 5 B 275 7 5 1835 (P<0. 05) s —FR R Ll B8 2 .

Note: The different normal letters within the same column indicate significant difference among plants at 0. 05 level;— stand for non-contribution.
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K10 BENERSBHIRGEEBIHRF

Table 10 Score of Prin 1,Prin 2,Prin 3 and synthetic assessment
R BN F Fs Fun
Wetland plant 45> Score  HEF Grade 4> Score  HEJF Grade 4 Score  HEJ¥ Grade 4> Score HEF Grade
P2 P. australis 2.819 1 —0.951 4 0.128 3 1. 280 1
KA S. validus 0.272 2 1.243 2 —1.486 5 0.230 3
T 3% L. salicaria —1.986 5 —1.044 5 —0.398 4 —1.438 5
i FF LS. planiculmis —0.843 4 —0.804 3 0.499 2 —0.592 4
KW T. angustata —0.263 3 1. 557 1 1. 256 1 0.519 2

F9 ENSOWER.EHDBSFMERE.
BEREMERTEE
Table 9 Eigen values of the correlation matrix and

eigenvectors of principal component analysis

F 4 Principal component

1845 Characteristic
Fy Fy Fs

CODer ¥ £ X,

Average removal rate 0.972 0.215
of CODer X;

BATYERRE X,

Average removal rate 0.690 0. 606
of total nitrogen X,

BT 2B % Xy

Average removal rate of 0.981 0.046 0.134
total phosphorus X3
HAATHEBRFE X,
Average removal rate of
ammonium nitrogen X,
AERE X5
Accumulation ability 0.766
of nitrogen Xs

PR Xs

Accumulation ability 0.259 0.379 0. 880
of phosphorus X

FE O R A

Initial eigen 3.186 1. 653 1. 053
values A

Contribution rate 53.094 27.552 17.543
of factor/ %

Cumulative contribution 53.094 80. 646 98. 189
rate of factor/ %

—0.019

—0.39%4

—0.386 0. 885

—0.244

—0.558 —0.214
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