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T I ERS, LK IR A S A S A MBERR SR & & DR 3 R A KOR B, AP R 24
HRT =4 d, LAk E R 1,C/N/P 2k 25/5/2(COD =50 mg/L, TN =5 mg/L, TP =4 mg/L) i}, A\ T b 25 &
TN, TP } COD ERRAT A 90% 97% H1 65% ; A [FFEYI N LieH REGE b, 38 AN AE- N LI h 23 BRACR Bef:,
IR 58 AR IR Y 2R3 (SPAD ) R 41 W B A0 Il 3 B, TR B A, 4031 0 40..6 .1 212U/ Al
2,45 mmol/g, EIERR A0 1.82 % s AMSETRIE o 1, C/N/P 0 25/5/2 I, T4 P4 6 2 4 B 4o £ 51
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A B L COD SE YL BRA RSN TR AL
IR AR BE SR K B Al AT, D 4 e N it
Qb BRI TR IR TS K ISR B 5 BOR ST

BRI

1.1 ATiEtZERHEE

T FLLA T2 B 45 em x 20 em x 30
em [ PVC B S B0 A (181 1) , A8 52 50 A4 s i s
A KT, DL RRRLAR ) A1 SERD AR D S T84 5
Kkift (p=4 ~ 8 mm) HT L FJZE, /PMRife
(=2 ~ 4 mm)fEH)ZE, FEHFES em, EHE
IPASETE 20 em, 2l AR (SE AR T
) AL TS 10 em Ak, FiAE % 5 30 R/
m® o FESZHR ) S A 1 S 55 G ) 10 3% SR K A
FREENIE 3 WCRFMIRAER 1 1K) 5 76238 B o
FEPIJE G AR 52 58 15 K AT YA,
PRECERE BB TR RE

HEAKH
Inlet

45 cm

H/KE (BESEES 2 cm)
Outlet(2 cm from bottom)

0 cm

E1 AIRMtSiiikEE

Fig.1 Diagram of CWs experimental device

1.2 Rtk

Z: MR KK bR fE (GB 3097—1997) K [ 5%
MR KI5 o 5t bR 1 (GB 3838—2002) , At 4
S R B 57 5 K K 5T T ) S 58 7 K (SR Ak
B BRI R R B R AR | A I
JZE) " BWEARRSEK C/N/P K 50/10/1 25/
5/1.25/5/2 25/5/3, Hrf COD ¥ i 7 50 mg/L,
SAEMREE N 10 mg/L(H AN 5 mg/L, A
WREN 5 mg/L) , SWRRIE 7354 1 mg/L.2 mg/
L4 mg/L .6 mg/L, IFFE A A2k K C/N/P R I
AR CWs Ab BRI 52 o J52 16 758 15 7K
FETEFR 3B 52, T 2ok e 3k BE 23 35 (N T b e
RAAEIIRE , A i 3R B RR AR s T 3
B B AR R (0.5,1.0,2.0)
1.3 XWRBIET

2018 45 A 3 10 76 B K= Fh
SLER LT, RSO IR 15 ~ 35
CHXHREE 50% ~ 90% . ARG [F] £h BE A1 A
[FIAE A 1126 B, 43 il im 44 o CK (B N T
Y1) .CW-P1(P1 AARAEY I N ) .CW-P2 (P2 £,
LAY ENH ) 1 CW-P3(P3 AR T I ) , IF
BB 1A SCIR A 2 AT, 2B K ER B2 I
=1,

SR IR B2 55 58 R K B AT e b,
B 3 KRN 1 R AERe B PSR 1 AT FR
IKEGE S, AR 8 7K 745 B3 B[R], B G2 4k B 1)
AKEE BEATRGI . N T iz 17y Xk 1A kX
HEK KT Ry 1 d2 d.3 d Fi4 d, R4
WE 2 AT N T, B S0 5s F A & 3 1K

*1 AIEHSKWEFHKIE
Tab.1 Influent salinity of CWs device

55 E Treatment

h B Salinity

0 0.5 1.0 2.0
CK/CW-0-P1/CW-0-P2/CW-0-P3 Vv X X X
CK-0.5/CW-0.5-P1/CW-0.5-P2/CW-0.5-P3 X vV X X
CK-1.0/CW-1.0-P1/CW-1.0-P2/CW-1.0-P3 X X Vv X
CK-2.0/CW-2.0-P1/CW-2.0-P2/CW-2.0-P3 X X X vV

1.4 #®WM7FE

LR INAE AR A  pH G A (DO) |
ThEE AR s 7 (HQd i #5 X2 2 HUK 573
FrA) NH;-N(AFRIAFDE R ) (NO;-N(E 5y

L) NO,-NIN-(1-280) - OB RE |
COD(F k) \PO,” " (HHBEILILE ) |
LR (B =, AN OOE ) Y IS 1
(3CERE , B AU A PR &) U E Y 2
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FEPEIN e (il B ) o AEADLIRER B2 37 B KK
J5i 275 i K K bR E (GB 3097—1997 ) | [ 5 b
FOK BB bn it ( GB 3838—2002 ) 17K 7 F5 5
JEKHEBCESR (DB 33/453—2006) , B8 1 A4
7R3 WEH

SR FH 2306016 B2 125 0 7 AR ) 44 N 4R AR 15
PEBEHEE (R 2L 0.2 g) s R HIBRACE L %R
(TBA) 20 7€ AL ) /R N 188 &5 i (R ) L
0.2 g) 5 R FHEf -2 4P 43 5006 B 1 I e A 4y
(2R it (FhFE N O A 1. O Tl A ) 1) 2
H)o

WA Z AR (SR 0 A 1.0 Y3
B AR PIRE R A I CWs 2B P RIS T
10 em Ab )£ Semb (R B 54T B MR IR S
10 g, Xf 168 rRNA JE[H V4-V5 X 15| P E17 5
A B S 0 ( polymerase chain reaction, PCR) 3™
34, K H Tllumina MiSeq “F- & X% DNA F Bk
A7 Wi ( Paired-end ) U 77, Ji 28 QUIME 4 4 H
USEARCH #5453 51| B %€ 18] 7 51] , DT 24K 75 4F i
AR ¥ 5, K A AT AE 4 25 55T (operational
taxonomic unit, OTU ) F1 3= i 43 43 #1 ( principal
components analysis, PCA ) #4770 #r. OTU 4R 4%
B N BE W7 5 AILEE B8, B ok B — 8k
ZAFEA T H) AT IA I, 4800 ] AR RLRE /& T
I {15 ) B K7 U 5 — A~ OTUM™ . OTU fy &1l
53 FT ARG G 28540 , A ) 70 2 — W o 19 2 26
KA KA [RIR R A G2 R T AR AS 64T HAH L
o
1.5 #HESHEHE

SR B PR 2R 1 3 A 52 30 2 D el 8 a0 ) 22 S
BEVE, ] SPSS 21 Excel 2013 i i 15 %5 s i/t
e 50

2 HR50H

2.1 BRR.BBAUEFEEEERE
SEagHAE], R K K 22.5 ~ 24.9 °C,pH

#6.58 ~ 7.66,D0 S 49.17 ~ 9.94 mg/L,

A L A 110.5 ~ 152.1 mV, %5k 4 d

http: //www. shhydxxb. com

(HRT =4 d) J5 0, H7K 7K 20.1 ~27.0 °C,
pH 4 6.34 ~8.90,D0 &5 1.90 ~3.94 mg/L,
AR A 54.3 ~ 121.5 mV, XA [F]
W HEAK S P MR BT COD (1) LR R kAT
G307, AR LA 2,

PR —£h B, A T3 X TN TP il COD
M 2BRBOR 25 7 8.3, 4K C/N/P Ry 25/5/2
(RPEBE BTV B 4 mg/L) B, 4 A T H0 b 2B
X S R BR A R (B 2) o AERTRIER i ik
T, AN R4 A N T3 075 e 0 14 25 PRk
ResmE, H, Yt KRN 1B, Fig S
YN SPNARITS: RO e W s I ey o= S
RS R e i, K BRF 5300k 90% (97 % Fil 65% .
XA REAE B AR ER B AN TR R bR is5 e A
PEIEVE R, 42 0 T AR BT 32 0 1 24 3 R
i DU R ] 1AL A 0 8 AR K S e i 2
E R T
2.2 HANEBHETHAPRE. BHNSE

FEEREE R 1.0 3K C/N/P Ky 25/5/2 (B 4
BT RE S 4 mg/L) A, 4B A FIK )
15 B B ) 7 7K SRR A R T A S SRR i R
e AR B (B 3) o FIAL Bl K 14 R
R[] (38 0, B T AN A ARSI, N T M X 3 g
IR LB IR BT . MK B e 1
d B, RS AR 420 00 N T3t o K b A R R
SR ASA FURBE IR £L & 22 T AROR W3 2
IK ISR IR Dy 2 d B, AR AS [ AR 0 19 N TR
b PR 2 i S R R R vk B IR, A A
P T A A PR B 38 0 5 24K 7 45 B sk 1] O 3
d BF, R AR R A 4 B N T3 3t K R A R
SR, S K S A R
2K FfsE AR 4 d B S RN T8 2 8]
KRR ER & B 25 S W, P AR S N A
N B rp K R S A R A S A
IR AR B Ve B2 70 ) 4 0. 518 mg/L.0. 381 mg/
L.0.00963 mg/L .0.636 mg/L., 7EL:fE N 1.0 i
K C/N/P Jj 25/5/2 HRT =4 Bf, A T 5 Hi 23 &
X 15 7K B A B A
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2B # Removal efficiency/%

Tp=2 BTN TP & COD
1007 a b

7

i @

CK—1.
TP =COD
7, in
__ :
oLk 5

OV-0-PL OW-0.5-P1 CW-LO-PL CW-2.0-P1
TP=4 ©TN TP =COD
bD

= =]
ey BIN @ TP =COD =g N TP =COD
1001 4 b 1007 a g c
90 &= 90
701 F'A., 70
60 | 60
ol :
30 é 30
20 7 20
10t =7 10
ol B : = H oLL == = == 7=
CW-0-P1 OW-0.5-P1 CW-LO-PL 0-P1 W-0-P1  OF-0.5-P1 CW-LO-P1 OW-2.0-P1
Tp=4 2N TP = COD aTN TP = COD
1007 a3 ce 100 06
90 ¢ 90
7 80
70
60
50
40

a-0-P1  CW-0.5P1 CW-1L0-P1 CW-20-P1

ol L S8/
a-0-P1  CW-0.5P1 CW-L.0-P1 CW-2.0-P1
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FEBZE Removal efficiency/%

CW-0-P3 CW0.5P3 OW-L0-P3 CW-20-P3 C\.}.J—()—P?; CW-0.5-P3 CW-1.0-P3 CW-2.0-P3

Vel v 7 RE R R A [o) 3 EEA [i) — 5 el R BR R B E 25 5% (n =3, P <0.05)

The letters in the figure indicate the significant difference in the removal rate of the same pollutant by different devices(n =3,P <0.05)

B2 FEBEKRFZETALEMARREEFRBER KR

Fig.2 Effect of CW on treatment of low-salinity culture wastewater under different water inlet conditions

SICK 0 CW-1-P1 @ CW-1-P2 B CW-1-P3

Ol 5 D NRC0RCONE TR O

WwRE
Concentration/ (mg/L)

.00
.50
.00
.50
P o .00

“
H .50
4 0

7K 115 BRI 1]
HRT/d

coocooooo000

N

Vel o R AN ] K 3 45 BRI i) AN i) 35 e R Ko PEE A S 4 2 5 (=3 ) S — S RERRS [ — 25 B AN TR Kk 1 45 BRI ) 8 35 1 2
S, 5 AT RERIR AR B R — A K {5 B I ] B 2 2R S (P <0..05)

The figure indicates the significant difference in the concentration of different pollutants under different HRT (n =3). The first letter indicates
the significant difference at the different hydraulic residence time of the same device; the second letter indicates the significant difference at
the same hydraulic residence time of the different devices (P <0.05) )

E3 AEKkANEEIETALEMGEFREKNR(EEHR1,C/N/P K 25/5/2)
Fig.3 Effects of CW on treatment of cultured water at different hydraulic
residence time ( salinity =1,C/N/P =25/5/2)

http: //www. shhydxxb. com
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2.3 FEENEMENERNEL
D3 3 %o SRl 1 B 2H 2R W R R 1
B R TN A SR AR AR X i
P45 B RS AAE FAAS 210 56, AR R P58 B RE i o0
FENHEY R TE, T2 R CWs 38
KL FRRE Sy o Wl T L S A ) A KR
Ui, SOD A 2 R ik A BTG, REAS ¥ BRI 2
T HMEECO, ), AT EOULH S e H A ) e MR
MDA Ze7- 4 i B Jo i S Ak 1) e J3E ARUARL ) X

B2 SO 55, JH e ) AR AR O
Hlo 1B 4 FUIAIRRE B EfE4) SOD/MDA i
ZESPEWIE, T JE S SOD il 1R e B2 AN i, i
W JE SRS BRI 1 NP 22, S N4 il SOD i
B, 1B RS o T S MDA i 1 vk
B, PTAE R T SR Ak T30 85 ra v, LA Py 4
MR GE 32 2405 %, W e T, A AT T JE 3
K

1 400 o f
St 38
S 800 & 2 g6
S 600 § \ 4 d e
s & I T -
& 200 . \ NN 2o N s
CW-0-PL CW-1-PL CW-0-P2 CW-1-P2 CW-0-P3 CW-1-P3 CW-0-PL CW-1-PL CW-0-P2 CW-1-P2 CW-0-P3 CW-1-P3

KRR CWs 3% B AP S PR B PE 22 5 (n = 3) i — T REFOR A R B P G VR BE i BB R 22 57, 5 — AP REROR [)
—REA B EVEIE R (P <0.05)
The figure indicates significant different enzyme activity in the CWs (n =3 ). The first letter indicates a significant difference of the
concentration of chlorophyll SPAD value/enzyme activity in different devices, and the second letter indicates a significant difference between
the leaves and stems of the same device (P <0.05).
E4 AREATLEMIEEEENENEEEELER
Fig.4 Changes of enzyme activity in plants at different CW treatment

TRV E R IT B E SRR, 25
L 9 SR 8 08 1 3 21, 2 By ik
FONAHURAE R I BRSSPz
HAEHERPE TR I, A R Z B . 2 IR ] S
—BEHEIE P U R S A B O A A SR R
DRI B G o 1S R, e A
R IR I AIG, A A A2 B (2
RN E PR SR, RANERBR
U, B S 56 TP 56 N AR 3R 88 11 32 PR AT o
AN 28 3 19 0 ) A S T AN ) O 24 TR
(Arg) REM UL ROCER , Z SHY L KK 7 25 A4 Al
P e, ] i 45 e A 0 R I 38 RE 7 5 R
(Pro) M4 AR W) XI5 125 Wy 380 A iR 18 , 412 w85 AL ) 4L
Witk A E PRI R N IORS AR S A E A
R, H A SN B N S IR 35 1 LU o) P AP AEL W)
8 fi e, HL SRR P 2 I R & A B A 2
FEIR S F S i, SE N AR ERBE I S2 B4, AR

ROUEE, A F T 76 N T v A i e vh & #5845
qu

0 CW-0-P1 CW-1-P1 CW-0-P2 CW-1-P2 CW-0-P3 CW-1-P3

AEMUE S
Amino acid concentration ratio/%

P o T USRI P R R o
The percentage in the figure represents the proportion of amino
acids in plants.
E5 FREAILEZFEEPEDERN
EMEEBRNAE
Fig.5 The content of various amino acids in

different constructed wetland plants
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2.4 WEMBESHEESW

NI 3t o 66 T R 00 A ) A R, o
RES IR ) A A B LA B A3 A, N T st A AR
AR A ib ), (e AR R BUEYI = 4R 1
—RCAE LU, A - SR e S B R 2
A, i A a2 o A A A R S0 R R B T TR £
RINHAL, S e R M AE fL T HEAR 1 2 5 R LU

SAHAR AT R S BB o S50 v, 3k R it 2
FEHUT 338 568 ZA LA 51, #E4T OTU %4y
(#2),CW-1-P1 £ Fh2 OTU {HARKAR, 1l
W Se NEA B R RUE Y T fe U A 305 B 2,
BAEFERR, A MR Z, 52 5 18 R
B,

®2 OTU XSO EMAULEEERGITR

Tab.2 Statistical chart of the results of OTU division and classification status appraisal

B S Il i H B & i RIrE

Sample Phylum Class Order Family Genus Species Unclassified
CK 2 398 2323 2 189 2 083 1 382 183 5
CK-2 2 078 2 000 1916 1 806 1167 144 1
CW-0-P1 2 098 1982 1 854 1766 1158 179 4
CW-1-P1 2 859 2773 2 670 2 546 1729 231 4
CW-0-p2 2 159 2 077 1947 1837 1243 162 2
CW-1-P2 1933 1897 1 843 1 780 1425 228 2
CW-0-P3 2171 2 101 2 037 1969 1453 262 8
CW-1-P3 1774 1751 1729 1 689 1334 186 2

N T 3 Y A= 9 1) 3 A 32 380 ik AR OK SR
D TS 28 0 i 1 P 58 78 Ak 55 TR 3R 1 2
6 £ W, 2 JE I ] ( Proteobacteria ) | ifi ¥ ']
( Cyanobacteria) | V% %% & | ] ( Planctonmycetes ) | Ji
£ 1 ] (Actinobacteria ) 1) 3 51 B F &7 1 4238 7 41
1) 75. 6% ,iX SEif A Wy LA R BE, 9 AN LI
% B WA RO TR BT 0 R W R kA . CW-
1-P1 A8, 285K B R RAE H A o-
5 JE B 49 ( Alphaproteobacteria ) . 3-8 £ B 44
( Betaproteobacteria ) | AR B |
( Gammaproteobacteria ) | % # | ] ( Cyanobacteria ) 43
S H W 3 B 49 ( Cyanobacteria ) |, 43 5l /5 25. 8%
21.3% 12.4% 1 6.3% ; H 53252 KV b F 241
P 1 A AT B 1 B ( Comamonadaceae ) ZLAF
B A} ( Rhodobacteraceae ) 5 25. 8% #F1 21. 3% , H
H AR T TR 28 2 V5 7K Ak B e O S R R, R
R, B B 22, A W R A A 3 AR b R Y
(2T N e T DU E R O P Y 1N
BE N AR REAS BB R AT R R B X T A

http: //www. shhydxxb. com

MR RA —E et AR, Pt CWs RERS 18 )i —
E R 18 PR BT, B N U ) B B i 52
V5 P75 AR SR ER BT ) FH I Rk S AL
BT R AOR SR ™ R U 2B T
228 T R AR (8 9 v 1) Sl W R W 3 T
8 AL BRI AR SRR R A0 ik . LSRR fE
RS N AR AL PIAICR, S5 2 rpr 2 R —
.

TERUAEMIRET, Z R 0T b B S )
2 AT LS W b 2 AR A OTU (8
T T i 266 ] ok A 0 A i 114 2 B 49 2 B2 A =
B2, BT AT, CW-1-P1 3% & (4 2 45
KHEAPRR, %A% i OTU B, v 41 44
SIRERG Y GG BRI ATHEN , Sk R
R 2] G HLBE e v 2 FE vk R, A A
THACN TR 3 Gt b Sl A W A v O 2E B, I35
FEEFOKBOR RN AR N TR 2 A )
PFAL B T5 Ge )
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100

80

60

40

i ES S
Relative abundance/%

20

CK CK-1

B Proteobacteria
B Cyanobacteria
W Saccharibacteria
B Bacteroidetes
M Chiorofiexi

B Planctomycetes
B Actinobacteria
B Acidobacteria

B Gemmatimonadetes
M Chlorobi

M Verrucomicrobia
M Firmicutes

M Ignavibacteriae
M Parcubacteria
W Armatimonadetes
[ Spirochaetae

B Microgenomates
B Fibrobacteres
W Nitrospirae

M Tenericutes
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Fig.6 Taxonomic composition and abundance distribution of microbial communities in CWs
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Study on the treatment effect of plants in constructed wetland on low salinity
culture wastewater

ZHANG Xiao'?, CHENG Mengqi', CHENG Mengyu' , WANG Zhufang' , ZHONG Guofang’, SHI Zonglin*,

ZHANG Yinjiang'”

(1. College of Marine Ecology and Environment, Shanghai Ocean University, Shanghai 201306, China; 2. National

Demonstration Center for Experimental Fisheries Science Education ,Shanghai Ocean University, Shanghai 201306, China; 3.

Hebei Key Laboratory of Wetland Ecology and Conservation, Hengshui 053000, Hebei, China; 4. Hengshui University, Hengshui
053000, Hebei, China)

Abstract: In the study, constructed wetlands with 3 plant species ( Canna indica, Acourus calamus and
Luthrum salicaria ) were respectively built to obtain the optimal treatment conditions. In the treatment
experiments, various factors were respectively arranged as follows: C/N/P (50/10/1, 25/5/1, 25/5/2, and
25/5/3), salinity (0.5, 1 and2), and the HRT (1, 2, 3 and 4 d). The removal rate of TN, TP and COD
in constructed wetland, the content of NH;-N, NO,-N, NO,-N and PO,”" in influent and growth parameters
of three plants were determined. The results showed that; When the HRT =4 d, the influent salinity of 1.0
and C/N/P was 25/5/2 (COD =50 mg/L, TN =5 mg/L, TP =4 mg/L.), the highest removal rates of TN
(90% ), TP (97% ) and COD (65% ) were reached ; Among the different plant and substrate combinations,
the Canna indica wetland device had the best removal effect, the chlorophyll ( SPAD value) and superoxide
dismutase in Canna indica were relatively high, and the content of malondialdehyde is lower, respectively,
40.6, 1 212 U/g and 2.45 nmol/g, and the amino acid content was 1.82% ; With influent salinity of 1 and
C/N/P(25/5/2), the microbial community structure in the constructed wetland was optimized, and the
dominant flora was Proteobacteria, which is a common functional flora in wastewater treatment. Therefore,
Canna-constructed wetlands can treat low-salinity aquaculture wastewater, strengthen the treatment effect of
constructed wetlands, improve the synergistic decontamination and salinity tolerance of plants-microorganisms,
and provide technical support for coastal water body restoration.

Key words: constructed wetland ; low salinity culture wastewater; salt stress; plant; microorganism
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