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Abstract: To provide theoretical basis for optimized application of restoration engineering of aquatic macrophytes in deep
purification of tail water of rural sewage treatment plant, a dynamic simulation experiment with running water was conducted, in
which the purifying effects of Eichhornia crassipes, Pistia stratiotes, Hydrilla verticillata, and Iris pseudacorus on effluent
from sewage treatment works (STW) were compared. Based on the results, plant systems significantly improved water quality
of effluent from STW. The purifying effects of E. crassipes and P. stratiotes on nitrogen (N) and phosphorus (P) in STW ef-
fluent were better than those of I. pseudacorus and H. verticillata. The average concentration of total nitrogen (TN) in STW
effluent was 12.22 mg-L™". The average removal efficiency of TN by E. crassipes, P. stratiotes, I. pseudacorus, H. verticillata
and control group were 46.25%, 45.74%, 43.41%, 38.39% and 29.22%, respectively. The average concentration of total phos-
phorus (TP) in STW effluent was 0.38 mg-L™". The average removal efficiency of TP by the five experimental treatments were
36.84%, 34.21%, 31.58%, 28.95% and 26.32%, respectively. The average concentration of permanganate index (CODyy,) in
STW effluent was 3.88 mg-L™". The average removal rates of CODyy, in the five experimental treatments were 42.27%, 30.93%,
32.47%, 32.47% and 37.89%, respectively. The net growth rates of E. crassipes, P. stratiotes, H. verticillata, and I. pseudacorus
biomass were 550.5%, 418.8%, 210.6% and 80.3%, respectively. The amount of TN absorbed by E. crassipes, P. stratiotes, H.
verticillata, I. pseudacorus were 7.36 g, 2.33 g, 5.12 g and 4.46 g, respectively. The amounts of absorption of TP by the four
aquatic plants were 0.60 g, 0.19 g, 0.33 g and 0.78 g, respectively. The ability of E. crassipes to assimilate nitrogen was
stronger than the other three aquatic plants. Meanwhile, the ability of H. verticillata to assimilate phosphorus was stronger
than the other three aquatic macrophytes. The apparent contribution rates of absorption by E. crassipes, P. stratiotes, H. verti-
cillata, I. pseudacorus to nitrogen removal were 15.29%, 4.90% 11.17% and 11.34%, respectively. Meanwhile, the apparent
contribution rates of absorption by the four plants to phosphorus removal were 50.34%, 17.17%, 35.24% and 76.34%, respec-
tively. It was feasible and effective to cultivate the floating plant of E. crassipes and submerged plant of H. verticillata in dif-
ferent water layers and combinations in space for deep purification of STW effluent.

Keywords: Rural sewage; Sewage treatment plant tailrace; Aquatic plant; Deep purification; Ecological restoration; Nitrogen;
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Table 1 Main physicochemical indexes of the tailrace of rural sewage treatment plant used in the experiment

Temperature pH Dissolved Oxidati ducti Electrical Permanganate Total Ammonia Total
p@) oxygen X1 ilotr.l-fe( u\c/)lon conductivity index nitrogen nitrogen phosphorus
( (mgLh ~ POETIAM (S-em™)  (mgLh  (mgL)  (mgL)  (mgL™)
Range 26.7~12.8 7.3~8.9 5.9~12.5 88.3~207.8 277.7~478.0 2.0~4.6 7.52~21.81 0.88~4.43 0.14~0.80
Mean 20.0 8.1 10.2 150.8 386.8 3.88 12.22 1.35 0.38
1.2 15d 1,
2016 8 26 11 25 , SPAD ( ), 4
(31°17'28.0"N 3 s
o ’ 4
119°02'29.3"E) JEK Inlet
(D B B A |:|
5 s 4 s Hj/j( Effluent
______ _ P TA UK AR Aquatic plants
F> J I I (N I A I SO
, (HRT) 34, || ||l |F----]
0.20 m*>m>.d™’ , ) ( ) """""
2.53 kg-m™ X387t Experiment tank
’ fitik it Ea
’ , Tank JK%E Water pump
80% 6 d 1, 1 KEEMREFUFETRGET BKHSE
4 , 500 mL REEEE
(DO) H Fig. 1 Sketch of the dynamic simulation device of the deep
p purification of rural sewage treatment plant tailrace with aquatic
(ORP) (EC); plants
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(2016 11 , ,
25 ) , 3 ,
, ( ) 139.8 mV
1.3 EC 3B EC
pH (DO) (ORP)  307.3~444.7 pS-em™ , 391.3 pS-em™,
(EC) YSI professional plus (USA) 5
(TN) (NH;-N) EC , ;
(TP) SEAL AA3 ; , 5 EC
(CODwmn) 5
; TN TP EC 355.5 pS-em™' 368.0
H,S0,-H,0, uS-cm™  370.0 uS-cm™'  384.5 pS-cm™ 347.2
(19] +  pS-cm™
, SPSS 22.0 .22
LSD , P<0.05, 2.21 (CODw)
Origin 8.5 CODwy
CODy, 4 CODy,
2 BRI 2.0~4.6 mg-L™", 3.88 mgL™,
2.1 , , 5
2.1.1 pH (DO)
2A , pH 7.3~8.9, 5 CODy, 241 mgL™' 2.68
pH , mgL™' 2.62 mgL"' 262mgL' 241 mgL" 5
pH  8.4~10.1, 4 CODy, 42.27%
(P<0.01); 30.93% 32.47% 32.47% 37.89% 5
pH (P<0.05); pH ) )
, (P>0.05); g
pH , (P>0.05) ’
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72 74 77 222 (TN)
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’ oo mg L ’ : 12.22 mg-L";
DO , 5.8 TN
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DO 93 mgll;  3-83~13.40 mg-L' 3.89~12.77mg-L™"  4.30~14.86
’ 12.5mgL"! mg-L 7, 6.57mg-L™" 6.63mgL" 6.92
2.1.2 (ORP) (EC) mgL™" 7.53 mgL"' 8.65 mgL, ,
3A , , ORP ,
88.3~207.8 mV , 150.8 mV, 46.25% 45.74% 43.41% 38.39% 29.22%,
, 5
: 3 2.2.3 NHj-N
ORP , NH;-N 6 NH;-N
, 164.1 mV 156.3 mV 0.88~4.43 mg-L™', 1.35 mg-L™";
152.5mV ,
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Fig. 2 Changes of pH and dissolved oxygen (DO) in the tailrace of rural sewage treatment plant and effluents of different treatments
during the experiment
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Fig. 3 Changes of redox potential (ORP) and electrical conductivity (EC) in the tailrace of rural sewage treatment plant and
effluents of different treatments during the experiment
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Fig. 4 Changes of permanganate index (CODyy,) in the tailrace of rural sewage treatment plant and effluents of different treatments
during the experiment
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Fig. 5 Changes of total nitrogen (TN) concentration in the tailrace of rural sewage treatment plant and effluents of different treat-
ments during the experiment

0.05 Bars with different lowercase letters in the same date are significantly
different at 0.05 level.
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Fig. 6 Changes of ammonia nitrogen (NH;-N) concentration in the tailrace of rural sewage treatment plant and effluents of different
treatments during the experiment
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Fig. 7 Changes of total phosphorus (TP) concentration in the tailrace of rural sewage treatment plant and effluents of different
treatments during the experiment
0.05 Bars with different lowercase letters in the same date are significantly
different at 0.05 level.

x2 AREAHARRE. KiFE HAEFARHBREMENR. BRKEE
Table 2 Absorptive capacities of nitrogen (N) and phosphorus (P) and total biomass of Eichhornia crassipes, Pistia stratiotes, Hy-
drilla verticillata, and Iris pseudacorus during the experiment

Aquatic plant Biomass Dry matter content N dry matter P dry matter N absorption P absorption ca-
q P (kg-m™2) (%) content (g-kg™) content (g-kg™) capacity (z-kg™") pacity (g-kg”™)
Eichhornia cras- 16.43+0.38a 6.90+0.77b 19.67+0.21b 1.50+0.03b 1.36+0.02bc 0.10+0.00b
sipes
L . 13.10+0.64b 3.77+0.40c 17.23+0.11b 1.45+0.01b 0.65+0.01c¢ 0.05+0.00b
Pistia stratiotes
. 7.84+0.45¢ 12.24+0.70a 17.52+0.06b 1.20+0.04b 2.14+0.00b 0.15+0.04b
Iris pseudacorus
3.64+0.14d 11.09+3.46a 36.20+0.38a 5.51+0.11a 4.02+0.13a 0.61+0.04a

Hydprilla verticillata

(P<0.05) Different lowercase letters in the same column mean significant differences at P < 0.05 level.

*3 HBEHAEZTLERFEYRBIERTRKE . BEIERATEE
Table 3 Apparent contributions of plant absorption to nitrogen (N) and phosphorus (P) removals in the effluents from rural sewage
treatment plants after different aquatic plants treatments during the experiment

Nitrogen Phosphorus

Aquatic plant Total reduction Plant uptake ~ Apparent contribution Total reduction Plant uptake Apparent contribution

(g) () rate (%) () (g) rate (%)
Eichhornia crassipes  48.12+14.40a 7.36+0.00a 15.29+0.00a 1.19+0.11a  0.60+£0.00a  50.34+0.00ab
Pistia stratiotes 47.59+14.13a 2.33+0.00c 4.90+0.00¢ 1.11£0.05a  0.19£0.00c  17.17+0.00c
Iris pseudacorus 39.94+13.81ab 5.12+0.01b 11.17+0.00b 0.94+0.04b  0.33+0.00b  35.24+0.00b
Hydrilla verticillata  45.17+13.79a 4.46+0.00b 11.340.00b 1.02+0.03a  0.78+0.00a  76.34+0.00a
No-growing 30.40+10.97b — — 0.85+0.06b — —

(P<0.05) Different lowercase letters in the same column mean significant differences at P < 0.05 level.
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