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Tolerance and purification effects of Pistia stratiotes L. on dairy wastewater

DU Delin'?, WANG Han'?, LIU Shengbo'?, ZHAO Run', YANG Peng', ZHANG Keqiang"*", ZHI Suli"

(1.Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 2. College of Resources and
Environment, Northeast Agricultural University, Harbin 150036, China)

Abstract: To investigate the feasibility of livestock wastewater purification by the floating plant Pistia stratiotes L., an experimental study
was conducted using P. stratiotes L. treatments of dairy wastewater to clarify the growth status and physiological responses of P. stratiotes L.
in different types of wastewater and investigate the purifying effects on nitrogen, phosphorus, and organic matter. The changes in microbial
communities were also analyzed using high—throughput sequencing to reveal the relationship between microbial communities and the
removal of conventional pollutants. The results showed that the tolerance ranges were 0—2 000 mg-« L' and 0-750 mg+ L™ for raw and
anaerobic and oxidized pond wastewater, respectively [measured as chemical oxygen demand (CODc,)]. When P. stratiotes L. was subjected
to high concentrations of wastewater, the chlorophyll content was markedly reduced, and the activities of three enzymes (catalase,
peroxidase and superoxide dismutase) were significantly increased. Within the tolerance range, P. stratiotes L. showed good purification
effects on the three wastewater types from dairy farms. Pistia stratiotes L. had a rapid purification speed in the first 10 days, which slowly

inecreased within 10-20 days. After treatment with P. siratiotes L., the removal rates of total nitrogen, ammonia nitrogen, total phosphorus,
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and COD¢, in raw wastewater were 84.7%-92.7%, 90.6%—96.7%, 30.09%—93.1%, and 67.3%-77.2%, respectively; however, the purification

effect of P. stratiotes L. in anaerobic and oxidation ponds decreased slightly. Regarding the microbial communities, Proteobacteria,

Firmicutes, and Bacteroidetes, were the main species in different dairy wastewaters. The microbial community structures in the P. siratiotes L.

treatment group and non—plant control group were significantly different; in particular, the relative abundance of Cyanobacteria was distinct.

The correlation between the microbial community and several indexes of wastewater was significant (P<0.05), indicating that microorganisms

played an important role in the removal of pollutants. This study verified the feasibility of P. stratiotes L. in treating wastewater with high

concentrations of pollutants and provides a theoretical basis and technical support for dairy farm wastewater treatment.

Keywords: Pistia stratiotes L.; dairy wastewater; purification effect; microbial communities
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i
1.2 HAEMIERFERIEIRE

KA H TN SR B 3 1 40 T A — 5 A o3l
FEVEIAE , NHI-N R FH AN [ B EE VLI 2 , TP R
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Figure 1 Changes in the average growth rate of Pistia stratiotes L.

in different wastewaters
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R TG PR 0, AN RIS Y5 7K HP G T A s A Ak
43 51128 R3000 . A500 F1 0500 20 , 43 51| %5f o 8 43 < 4
ZF B BIH REA (E 1) ,
2.2 KEXMPEIZARLE TR SLIR
2.2.1 [ ALELR AR AL R

P&l 4 S T X6 T e 2 B 0 Bt s ] 1) 2% 6 R0
. 4T, TN NH;-N [ TP 1 COD, it ¢ £ Fiti st
() AR £ 1) 2 B T B e i L B ok S e Pk
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BRI, 25 R AR T 5, 23 BR 23840 0] 3K ] 55.5%~
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FRRCR 5 ICHYIXT BB AR EL , KX AN [R5 7K H
4 s Ye Py 3 B B AT 1 R BR AR, e IR R A
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F1 AEEKBTZAKAREMHK HERRKEL (cm)

Table 1 Changes of leaf length, leaf width and root length of Pistia stratiotes L. in different types of dairy wastewater(cm)

b s I Leaf length 38 Leaf width HRA Root length
Treatment Gradient Max Min Mean Max Min Mean Max Min Mean
CKy A 3kK 5.0 4.5 4.7 5.0 4.0 4.5 28 15 20
J5K Raw wastewater R250 7.3 6.5 6.9 5.4 5.0 5.1 35 25 30
R500 75 6.5 7.1 5.5 5.3 5.4 30 23 26
R750 8.7 75 8.0 6.5 5.5 6.0 26 21 23
R1000 73 6.8 7.3 6.0 43 5.4 19 14 16
R1500 7.8 6.7 6.9 5.7 4.8 53 13 11 12
R2000 75 6.9 7.4 5.9 5.5 5.8 8 7 8
PRET5 7K A250 6.1 5.1 5.8 4.6 4.0 4.3 19 15 17
Anaerobic wastewater 5 59 5.8 45 5.1 48 45 4.6 14 11 13
A750 3.7 3.3 35 4.0 3.6 3.8 7 6 6
A1000 3.0 2.8 2.8 3.0 2.8 2.9 3 2 3
A1500 — — — — — — — — —
A2000 — — — — — — — — —
ALK 0250 5.2 4.7 4.9 4.2 3.6 3.9 15 10 13
Oxidationpond 0500 6.5 45 5.4 55 45 47 1 9 10
wastewater
0750 6.3 5.5 5.9 6.3 5.5 5.9 10 7 8
01000 4.7 4.3 4.5 4.7 4.3 4.5 4 2 4
01500 — — — — — — — — —
02000 — — — — — — — — —

TE:— R KL,
Note :— means Pistia stratiotes L. died.

CODe Y A L BRARAFLE 60% AL, 6 TP ) % Bk
AR 15 K MR BE TR 93% FREZE 30%. X IR
A AR 15K AR S A (CODG 5 7 250~
750 mg- L), R E AL 1) L BRZEBH 18 5 oA Pkt
HEZH T AE o VA B2 Y LA (CODe, 35 5 7E 1 .000~2 000
mg- L"), B TR A A 1 S B L 2= e se T (8]
1), KA LB 2 FTCAE Y0t B 2500 A K
23 KEAEFRKIRPREMEETH

AW GE 2D b T iAW v Rl 2H R 14
TA SITEHS 0 KNG 20 K 3 F i 7K T A3 ) 20 0%
(MK o BT BT, B | (25 0 K) , R IE R T
(Proteobacteria) | J& B¥ [# ] (Firmicutes ) Fl 48 FT 55 1]
(Bacteroidetes ) AL [T, BATHE 3 Fli5 7K o (4 4H
Xt B Z R 81.3%~94.7% ; e A1, L F 1] (Actino-
bacteriota) . ¥ % ] (Cyanobacteria) 2§25 [# | ] ( Chloro-
flexi) H=H 40 ] (Patescibacteria) JEF ] (Verru-
comicrobiota) . 2 {i #T 7 ] (Campilobacterota) Fl . #¢
I"] (Synergistota ) 7E i 56 Fif A9 =F B2 L4 5 . X L 20
d J5 Y DR Ab B 2H RN TS AR A9y 6T BRZH R0, AN [] Ak Y
15K P AR AT Bk . o 3RS K Y
JGAH ) Ak PR A9 A I T 1) AR X = JEE 1 20.0%0~71.2%
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FFEE 16.0%~47.9% , M K AN PR B AT TR T T A
=F B 5 1 I TCAE X B PR FAE 38.5%~51.1%;
7156 /T (55 0 K ) 15 7K v JEEBE T ) AR X =5 8 Oy
13.1%~44.6% , 20 d Ji7 J AL PR Y 5L RE T 1) AH X
JEE [ 22 10.0%~37.4% , 11 Jo A 4 %) BE 41T 2 14.09%~
45.5% . FLT5 7K 2 K AR PR 20 d J5 PUFF B8 1A
J# M 4.3%~24.0% T+ % 5.9%~32.3% , % 1ij (1 TC AP 5F
MRZH 3 22 2.5%~18.4% . W BEN A o HUAE JOAH
Py xof BEZH b TR, JE R 5 20 K S AL 5 7K
(Y JCARL 2 P i 8 T ] e PT o 50.59% (0250B) , T AH
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Figure 8 Correlation analysis between microbial communities and environmental factors in wastewater at the phylum level and genus level
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