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1 E AT FRKESREARSAHE S A SR SERT R, HPE R FARVER A B FE G A A S
BHEA, KA 2R Rl B A 2 K b SRR T R AT . i oilos Yeok A N IRk B fb il i, LISEA
. T, & . SREMZEL S A Y MR B R ARG LD REIF 5T, TR/ Sud A S My 2l 1
TR R T V5 e LR . 45 . AKARRTE 30 d IRIG I NRHEE (NH,-N) BRI K T 95%; &
A (TN) FUEBE (TP) B RBRFR i S W B NEMT RS, Xy TN LBRE N 60.2%., 57.8%, X TP KB i &>
66.3% 1 73.2%; &M RAEMA S 4mv% okt AKIR, SERY K IERRERE, BRI HN 18.7% 1 43.0%; HRE
2 BRI RS, B E N TP B, AR, SR5EAE | TIHIEMAE G XHE Yk R
REWRMTEHSEAE., THEXAS, &6 SA BB E IG5 Yok P . KB A
EEARREIRE oK memrsc £, KR (5~10 °C) £04F T TN L FRR B EHRAL, % COD AY Ml R i
N, FREEERE 20~25 °C £ T 2 NFEX UG YLK COD ., NH, N, TN FI TP f-ER3CE 35 5 TR, HiRH
e N2 AT SRR RIS S AN R A TGRS, W IR P AR LR T (Proteobacteria) L3 EA
I, CEAB PR TS (Chloroflexi) «

KHEIR  SOSYUKME; HEKAEY; KR IRIE
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PIRAM, BRI, BEE AR R GG KA B A T, oK 8] T —E e, HiTs 3K
TR AR . TSPDKIRRBON R R Bk, G AR hmE R K IR AR, sG]
. IKPERIRRYE EIRE, EBURBUE I KRS B IR N A SRR S T M 5 S 15
TE, BIAmsRAHAL TR Y RO PR BE . K BUEAL . fSEFHA AR RE T USRI KIS 30 (AR IRRY
FIFHRET A BRAY , K IARRT5 G B B S BRI i URIRTS B, T ZAR B SR BOR SIS JK IR
ik AR, DIFRSFKIMER BRI . 5K, A2 2B e aisiliasm®™, T B4
TSYRRIRRIR BRI, IR ik AR R E—E R 2Rk, , (AR SEBRI F rh e BEHE RBR 1
o, BRI K AU RAR S, T B TR B esr 25 S Qi A ISR 2., (EAL it
FPEARR) S5 R AN TR U O NS T AR, JF e DG, 0D E A AL
ARG o GG TR, FWHE ORI B A S A A R R T Tz st 2

HYE S IE TR A N EREE S BRAA RIS YIRS . Het% . Ao s 10 |
TUBWIMK P s e . ISR E RIS, Ei KA B BEA w75 4ety, alidd At
TR AR KA AT DI & A A S E KA SRR, DUCSREERIMRIBRE, A5
KPR DK IYE MR AR A TR LK R, A A0 E AR s B R AR e 5 4 v B W A
B, TR G, HESARCE TR HAh, KRR T R, REAROMIGRIT, R AR
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AL RGP AR B E BRI PR AR KA 4 E | BRERIBEERY & ARy e
2K, WUKFHPT (Eichhornia crassipes) . ¥ (Lemna minor) . 7K (Pistia stratiotes) . TAREL (Chrysopogon
zizanioides) M35 (Phragmites australis) , CHTISHRKMEE R, H, AT DIdkasK o, b
SRR R (26%) FIBERRER (33%) 1 X LU R K AAB DK BRI T, K O KBS e U2
P 3 R AAET R 25 F M TAEA T, 7K R S X R LBt S5t Wi b B s e 2
YIFRER, DAEFR K AR AR B0k L, AEC TN RHE KA K B e s
RTINS | A5 oK A YME 2 rh 2 2

IRAAE AR AZ IR B S PR R 25, AFF AR BoK Brd b i SRR B A FE, kiR e Tl T
R RS, SR KAARYI SR U HOR AL, BRRIEe ), e A R ARTKEHERE I, SR, IR
KT IRAEAEEA RN EE N WS G AR b KBRS Y mImi s, IR K36 S T2l
RS, AT B LEPN ARSI AT Y R BRBOR , B AN FHEAKABCERS, BRI N K
T RGN G Y LR . AWFFEEE A A A KA K T A A ls YK A ST SR S IR

1 RS

1.1 RERESHE

RIRIBOKEE . AT S A KA AU g . G HYAEKA (54 emx36 cmx60 cm, AT
120 L) , RESIRIKAT KR 30 em; JERTE S E AR REE e, VRS SR AT AR AR LA
(40 cmx30 cmx2 cm) , HIRIEL) B 6 AMEYIFMELL, I 10 em, BAEHFLERSN 3 cm, I
IR EFRE 1 ARAEY s XIS I SE T e K A b, GBS —SU B (Typha orientalis) . S
(Iris tectorum) . F= NFE (Canna indica) . TJEZ (Lythrum salicaria) . 284 (Sagittaria trifolia) , WiirERE
MPIRZEN 54, AR R R ARG Jek IR, Hid COD 4 31~46 mg-L™', TN RN 2.2~
52mg L', TP¥EH 0.28~0.42 mg-L™", NH, "N IKE R 1.1~4.0 mg L', iREIFHATT, AAIERDKAE I
NI FZK 2T KR EE 30 om, MERDZKARER 50 mL 156 FHAC /K B A

KA E S NT RS2, AFE/KF (70 emx50 cmx58 ecm, AFHZ) 200 L) . A TIFEE (RIEEFSHE
KA RN 3 385 o PRESAEZR R S E AR 16 e AEAL 2 S, BREEK 8 cm, FRESHEZRTEDRLR Kl
=, KAt 5~10 mm,
1.2 AWKt ERHhEE

FEK R BRI AR B K T I ] ALl SRR, 56T 2022 F 2 7—9 At
17, JKIRAE 22~28 °C ZJA] CEEIKI 24.7 C) o HR—HEPIRE 00 E . SR, EAE, TR, 24,
FMEYHRE 3 ANEE, MYIEE RS b, R E R S A H K FETE R 2s O IR,
RIS A 31.d, B 2~3 d BU—KEE, TSEKT pH. A#4E . COD. ZA. M. MAESHEE, R
FEIGANFEZRIR K AR AR E . KSR A pH T8, (. Bk, &%, COD f5trit
FPSEmz e . FEYAARTER, AERIS T AR FNZE AR A = BRI 045 R PR Syl e
YA,

HAEYIALE, PN, THEDHSTE . FWT 111 A8 KB bCR sy, X5
FKAEK BTa bRl 2 [F] SR A K B ik

ST YA SRR B RS, ERRSE NV A KA B A N T Sty . TR E
T 200 L kgeke . R FFEY)IT B RGO FIREE S5 RIS Y RBRECE, Ffil HAb SR A s O
T, MR 20~25 C 1 5~10 C T 43817 14 d, FEIRE N 20~25 C F, BRI Yok Aok, Hi
COD Jy 40~46 mg-L™', TN# & 4.1~5.1 mg'L™", TP JF N 0.30~040 mgL"', NH,-N#k K
0.90~1.20 mg-L™"; 7RIREEHR 5~10 C F, #7K COD 24 33~40 mg-L™'. TN ¥#kEH 3.5~4.5 mg- L™, TP W&
49 0.08~0.18 mg-L™' . NH,"-N #J¥ 4 0.60~0.92 mg-L™",
1.3 NESE

e B FEFEPR O FEEMA . pH. NH,-N, TN, TP, COD. ¥ff% R R #EC fA (LR,
JPBJ-608) , pH RHMEHEXNZSHOK BN NE (LiFTHERE, PHBI- 260F) , COD SR R I A s
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% TN SR BRRAR A AL /M B . NH, -N RN G EEE: . TP R BRRRA AR '
TRV GEAK R ZZH0E (Y LH-3BA) .

HEAAEIE BN TS E Y e R ma s s, RUE 2 16S rRNA JERIT A 2R
FEIL, PCR ¥4 . ZELIEIMT 34T 4 e, REMIHDKIY RGcfe i . IR S E ATE SR
PRIUEME S, BN T REE 3N EEMEN, A0l ETECIR R O HEAed, FERIRAETE20 °C k1T
DNA B, BT E AT YR R AR A DR T S5 L S SIS G E R B =il
P Tllumina Miseq pE300 /7 RGESCH,  f kel il TAEZRHE i S5 AR W 2R A PR A )
AT, PTARESTAIIEAT OTU Wl ZREMEST.

1.4 HiESHh

KB 24 Excel AL FE 5, R SPSS Statistics, OriginPro 2018 X #b17 5 2081, £H L
B MM, SR S EAEALFIERF (CANOCO) SHHMLEMIRESL 97% AUPERIRES: OTU Bl 53058
HF TR T

2 HR5R

2.1 B—EYIKERIRR

1) #EKMEE RGP

AR BRI IR R S AT S AR B, M S 5 PP A AR K, ansk 1
N, SNBSS R R AR i (E ) BORKR N 38.03%+5.20% . T HA 4 R (p<0.05) . T
JESEAE LIRSS AR AR Y (T ) B KRR, N 39.94%+10.16% ., 50 FE 28tk A E B i AE 6 4
B, PUIHTE SRR TP TR U TR R TR AR Y M R HRE MRS . S . Bl fE i B A e
TRFHZER

=1 BAKEIKEUR IR P EEFRK T

Table 1 Changes of biomass and root length of emergent plants in water purification experiment

k== LioalILE =R 7 ) FNEE il Tk Feyn

IRt /g 33.65£1.26 48.64+6.78 36.12+4.06 21.91+1.80 29.6242.16
SETREETE /g 38.3543.56 67.12+9.74 40.7147.18 26.51£2.91 29.0244.11

o SEFHKE 13.91%+3.48% b 38.03%+5.20% a 1221%£723% b 21.07%+3.30% b 5.13%+8.89% b
i WIh T /g 21.45+2.20 29.26+4.15 21.28+4.92 10.86+1.28 11.78+2.97
SR T /g 25.58+2.83 35.72+6.24 25.08+5.72 15.14+£0.97 13.18+1.68

TEIK R 19.25+5.50% ab 21.87+9.95% ab 17.92:1.83% ab 39.94+10.16% a 11.86+10.58% b
Wihf/em 14.17+1.51 7.15+0.77 18.86+42.21 9.33+1.21 20.94+2.21
i3IS 453i/em 20.94+1.56 25.57+4.59 25.42+4.66 18.79+4.21 23.99+2.87

Bl E 46.72%%22.00% b 259.86%+72.30%a  34.68%+4.20%b  104.46%+36.77%b  14.80%%4.20% b
H: RPBUE NS ER, RRVNG TR AL ER R — TS bR 2252 B2 (9<0.05) -

XEHCAEARK AL, AR R AR RIS B, S8 VAR KK R B 3 T HAR YA (p<
0.05), 4K 259.86%+72.30%; ZAUHLIMRRIGKFHAR, (Uh 14.80%+4.20%, FBIEH o 2E0HS2 e U
SRR . BRI RIAR 2R A KB T, WIS A AE AT RN /K PR A28 I P it

2) SEAAEPI KA AERT pH [R5

—BE KA AU K AR AR 1 R, i i s O IR R R SR RE | U AR
T, 28 OO IR i A e B s i B 8l , FEATREAE N 2.18~3.72 mg- L' YN . $E/KAEMILL RT3

SRR BER IS T REE TR Y, 20 HUAAS R W A A A ik B R 25 IR T8 FIN TIRA (p<0.05)
FERR N AR AR R PRI, AR UK Pia e b SRAR A TR m W i,
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Fig. 1 Changes in dissolved oxygen in the emergent plants system

BFETHABRDIAL, WEARECFEIER 3.21 mg L FEEE] 0.5 mg LY, FERIARAIWE MR AT, A
DRI S A0 o I TV BB SCIRm S S A MO KRR, B AR K BOIRE, 7K
VAR IT I T TS K AR A AR e . B S A G 1R %M.

2 Sk B R pH 284k, WIIR T Beas IR SAEYIA pH 7E 7.4~7.9 Zidv s B ISR Yt
7, 2R pH 2 ETHEH, 52 pH FEIAEN 8.6, HIT25 I B TOK A AR SOK A R B - e
S, BIOCEERTRFEKIRT CO,, SO pH i 35, /KETP pH 252 ESent
AR, SR K P A B RS pH BRI B LTS, [HEMA pH /NT2s XTI
HHARNRE , HE D EEOEA YRR E 2K CO, ¥R, pH BEZFRAR, F35h, FMIIRER 270
AHURF H', WAE—ERE HE pH SRR E .

Or e s s [ Jrex sn =0
o a
a a a a a &
a N N ba & a b b babh }%CI T [l bl al
8|, agal , 8aaf b Bi bTp bbbaatg bb i aa{aa bbEba bb ]73—r B c%%;t cc—Irb%E
per e i et o B e e e e U
6.
jas)
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Asfal/d

2 HEKEMRG K pH L
Fig. 2 Changes in pH in the emergent plants system

3) FEKAEYINT COD FIEMEUR
ANRFEAR R KR COD BRERUNE 3 Fs, FEKAEYIZNT COD AP 5528 F X IR AR e 22
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Fig. 3 Effect of single emergent plant on water pollutant removal

SR, #4UK COD BRI RS, IRa5 KK COD 1£ 21.8~30.07 mg-L™' ol TR /KR
FHRH, K &A —E R SIr S ANET, FERERUE, ARETERS COD 18 MR 23 B IRHT,
COD /KVREZ K. [y, FEPIARFA AR R IURAIAT—E R INAICR, $EKAEIZKAR COD 84 FIX IR
WA, Hoh, SERAMKGHITHIEARRSR, SEERATIIRREDK A, SEHKA COD K55
FIXHREH IO . BRI, AEAS BT A BTG SYse A e, 58510, COD i FIE, 2Kk
T PIxt COD RRRHAE R

4) SRR AR ERRBOR

HEARAEIOT 2 R LR AN A 3 FR, FTAHEZAAERIRS 2~6 d KRS A S IIGE R, B HE
WAHEA P2 P IR R 225, AP R R AR AR R T REEE , 7B 15 d Je TR
E, HE TR AR 25 O BREA A T RS BEARRT RO, TE45 12 d ZKARZ SR B T R
UL, BE 25 d RAHAFMREIR RN FE R EERKF-. PR AR ZRBCREN B3, 25 IR RG2S
WAL TRER] TARMUKF, X FEOE RN BT IR BRI AR . MR S, 7eilsn
RGBT SEIAEE T, WA EH TR IR h 2 AR ACOES R, IrA A KR A S TR
B, MAEYIA B TAEYS R R, Beas FOM IRZE U AU T et B pt™) ) A B &R R R
1E.95% V) Iy $ERAEI T Ins s 2 2B

5) FEACHHIA SR ZBRASCR

SEKAE ZRGER KA TN Y RBRINE 3 s, R8w04R 5 d, i Tk b B 2 & A A DKL
I, A TN WREER R BRI TR . BREZW M KAEIZ , TN A28 T IR BWhE TAE .
25 PN BREAEIRIRES 17 d 252, TN kB I IR, AP Z0TR M ERIC TN BRIy
FERE, £ 2HHEMHPAKEH DA ERBITELSR, SR FlAXT TN 25RO 5
50.23%~62.77% . 49.76%~59.78% , HUNF N TN TN BEERAEIT, 73510 43.66%~48.53%
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2 BKEYRERIKE D RAD BRI ERR

Table 2 Removal rate of total nitrogen and phosphorus by emergent plants %
15 H B BN il TR &I

SAELBRER 62.77~50.23 43.66~48.53  49.76~59.78  37.21~42.08  —19.21~—12:55

BBELBRRE -50.23~-37.52  72.45~80.77  18.27~37.42  60.56~77.15  —45.50~—-36.22

37.21%~42.08%; ZEWHAL I THYIPET:, YIRSV AR IR ITE, X TN [ LBRECR 2 H M
B, TN WREREIMING ., SEA N FHEMIET MG, WIEEHAGR, W00 KA SRR,
TE AL VE T e et fE—@ R F S8 TN S PR, N, SRE4 TN LB Y%
SN R AL R E s

6) HEKAINT A A BRACR

FEKAEYIT BB LRV EFINE 3 IR, IEA R IR B A S R stash, HRR T A
KR PR ER AR K Hh R TR R IR R AITNE, R RIS T, KBTS K AR ST, AR,
FIPIR RSO iiREr, HTCEIER . H SR S RER a0 R KA S ) bR At
TEES, WNFE 2 PR, AT AR RSB & R PR, T RBR LR Em,
72.45%~80.77%, 60.56%~77.15%; Friirt S LBRFINT2s X IR, KFBR%R 18.27%~37.42%.

BRMZ LT B bR o U, Hrh S REY-50.23%~-37.52%, EETRMAAIEN, SR
FERI SRR PR AR AE T KR TP B ICE SRR, AR B S SRR R s IRIET, ZEGhAA At S8R
W LBRE N 45.50%~-36.22%, ACT-FIRLYIA S0 AOKIR s S s TR Bl Wi X T, 2RI E%
SR S O RS2, AR R A KIS BURBEE SRR AR, (AR R IR AZ B
IR AR S AR UL RIS SBRAUE TR R AT, READE LA iR Ay & 57
Wi, R SEOK RS S TR
2.2 AEEYIRTTRIIEREER

R PR — KK B At R, o S A FEAN T S K R A S I B8R, TS R AN 40
FEARAEIRIGAI B T AET -0, (AR S R R B B A E v, SR A A — R IR as R, KA
FERT e E2OK ALY, i S S RMEEI T4 A RS, FE Gy 11, XA EHPAxTK
PR AN FEEK RS AR AT, SESRINE 4. AP COD MR 525 X B4 0 i 22
5, RBRRA 44.27%~68.43% . X5~ FPIARA SRR, FEURH Y A B4 KR RE Bk
Rt COD, EBAEK PRl YIxs /K G WL 750

I, S AR TR, RPN T RBEE SRR ER, e in e,
FEPIAX R E TR TR, AR P E B KOG e, B AT 8 5 A K P52
A, XK EBES SRRSO T N, XTI A0, RAENSRE ., THXSS
RIS YYI R T RN . THAEHAS, KhSENAS SBOr I B TEE
W, ARGt 80, SR A E AR P EBSCR . d sp—AA RAL S AR K Bk 45
AT, SRR K RRE I Z A . A KB, AR RERIE S KIS N AR e BN R
|]ﬁ[31-32]O
2.3 RENTHANEKIEY RS S RE BRI R AR

1) IR B G AT S KL RERZ

A B AE RN SR K B RSO L, S8 NFESHRIG KR BEE N e JfetE, HRPH AR5 Y
Yt VN A KA T2 G 7 oK ARREEE , i R & R Geiat TR X /K Bd b
VIR GV RGXT COD [ ABRSCRINE 5 Fis, YHEEE R 20~25 °C, #/K COD 2 42.56 mg-L™',
7K COD F-¥¥k B4 10.62 mg'L™', COD MY LFBRBTFHMER 75%; WEFEALE] 5~10 C, REiEK
COD Jy 48.02 mg-L™", Hi7k COD F¥{EH 14.27 mg-L™', COD EHEBRE N 70%, TEARIRHEET, #EK
FYIRGERT COD BRI T 5 AT, (AR LIREAMEN T COD MLBREMARE, T EHEIR
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Fig. 4 Effect of combined plant system on pollutant removal

JERT R R KA E e, Hoh ) R R L R AT R R S, R E SR L s
INTE—EFEEE AR T M, TIRIREE COD RBRaCimm TINRAST .

FEANFIABEEIE FREYIAR SN NH-N B LBRGCRWE 5 fis, #iR 20~25 C &4 F, REHK
NH, -N BN 0.12 mg L, iAHIER THOKERME, RGN NH,-N 1 EBRFFE S 85% L L ; R
5~10 °C &, HIZK NH, N SEEREEN 020 mg- L', EBREN 74% Iidi. WEERERAL, RE4 NH, -
N A EBRRCRIE 2E THIREAEE , JeshtiR, {3 NH, N A9 KB Al ik T 20K AbRE, REAEM MRS
LT NH, N ZBRECRASER I, X FER YRR TRk IRZ o, BARESERT, WloE R
=, DA, AT B B LA A — e MR, SR TR S X NH, N 1 LB m i
Z—
ANFERBESF FHOKMIYI RS0 TN, TP FLBRIEHNE 5 R, HEEREE 20~25 C &0 F, Rt
K TN PR EE S 48 mg L, IR BB R T V 25~4 VIR, HIEshtixtgR, &gk
TN N 1.31 mg- L, /KB RGE, HbRIVEKbRIE, RGN TN IEBRER 73%~77%. 5%
TREER 5~10 °C, REGEHEK TN EHME R 3.9 mg- L™, Hi7K TN FHkE R 1.8 mg- L™, ikHiZE VKR
W, BTN 68%~T72%., HiRk 20~25 C &M T, BEMRSCIIHMPIEACOKTR TP FAr94bF4 VIOKTR, R4
KB AR, TEHRIVIOKARIE, BATRE RGN TP B EBRRFIE R 78.78%; HIE 5~10 C 1,
HEAOKFAERRER FIVIOKAVIOK, HkbBehfE, HK TP fEbRE FHbRIVIOKE, R4 TP V2%
BREN 66%. MEBRFRTLIER, FEMGEMME T, REXT TP MEBRRNTHIRARE T, XFEEHTAT
TEEXT TP W RBRAMCEEREIIMISER , S P AR LSRR I VR

2) AR AR AT S A R AR

FRIMRE SRR G T S YR PREURAE S U D el sl P45 5, X OTU K v E e
ZHEEFATHT. Chao 16501 Ace FEBUURIEA FEIE, Mk 3 AlA, WP T AT Sobs A6 Hi Y
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Fig. 5 Effect of typical plant system on pollutant removal at different temperatures
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Table 3 Statistics of microbial diversity index
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Abstract According to the actual needs of environmental treatment and ecological protection of surface water
ecosystem, phytoremediation technology, as an ecological remediation technology with low cost and wide
application range, needs to be systematically discussed for water purification function-of aquatic plant types and
allocation modes. In this paper, aiming at the water purification problem of constructed wetland in micro-
polluted water, five emergent plants, Typha orientalis, Iris tectorum, Canna  indica, Lythrum salicaria,
Sagittaria trifolia, and their different configuration modes were used to study the water purification function. On
the basis of screening the dominant plants for water purification, the pollutant removal efficiency at different
temperatures was discussed. The results revealed that the removal rate of ammonia nitrogen (NH,"-N) by aquatic
plants in 30 days was more than 95%. Canna and Lythrum groups had the highest removal rates of of total
nitrogen (TN) and total phosphorus (TP), and the removal rates of TN were 60.2% and 57.8%, and the removal
rates of TP were 66.3% and 73.2%. Sagittaria arrowhead felled into the water body due to withering of plants,
which led to the release of nitrogen and phosphorus into the water body, with the release rates of 18.7% and
43.0%, respectively. Root decay, denitrification and total phosphorus release appeared in Iris group. In the
combined plant experiment, the combination of Iris, Canna and Lythrum showed better purification effect on
polluted water than the combination of Typha, Canna and Lythrum, which was suitable for wetland and other
ecological restoration measures to control micro-polluted water. The study on water purification efficiency of
Canna, a dominant plant for water purification, at different environmental temperatures showed that the average
TN and COD removal rate decreased: significantly at low temperature (5~10 °C). Moreover, the removal
efficiency of COD, NH,"-N, TN and TP in micro-polluted water at 20~25 °C was significantly higher than that
in low temperature environment. The diversity of bacterial community in rhizosphere fillers of composite
floating island plants in normal temperature environment was higher than that in low temperature environment.
Proteobacteria was the dominant bacterium in normal temperature environment, while Chloroflexi was the
dominant bacterium in low temperature environment.

Keywords slightly polluted water; emergent plant; water purification; low temperature
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