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Abstract

Eutrophication has been recognized as one of serious ecological problems in the world.
Phytoremediation has gradually attracted the attention of the academic community with its low
investment and environmentally friendly features. The tested aquatic plants in this experiment
were Salvinia natans, Ipomoea aquatica, Heleocharisplantagineiformis, Hydrocotyle vulgaris and
their combinations. The aim of this study was to study the effects of different aquatic plant
combinations on concentrations of total phosphorus (TP), total nitrogen (TN), ammonia nitrogen
in the polluted water. The results showed that the removal rates of four tested plants were higher

than those of the control group. The removal rates of TN and NH; -N by Ipomoea aquatica +

Heleocharisplantagineiformis were 30.3% and 80.9%, and the removal rate of TP (35.4%) by
Salvinia natans + Heleocharisplantagineiformis + Hydrocotyle vulgaris was the highest. Combination
of Salvinia natans + Heleocharisplantagineiformis + Hydrocotyle vulgaris was found as an optimal
model for the removal of TN and TP by aquatic plants. Harvest treatment of aquatic plants was an
alternative measure to improve growth and removal of pollutants.
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BB EHSER R T TR, B2 AR S ORE KA R A0 E IR AKAETN,
TPENRE S . GRER, AFKEMYEILEEFERIGKTN, TP, KENEZRETTIRA; =0%K
+ BEFHAETNERFNEER . AHE + BEF + IBELHATPERREEER, 4 715830.3%.
80.9%M135.4%, BERTHMAEMYAIE, BHE + FEFHEHRBEREK TN BT
BRERE, N5.8%, HHME + HEF + FEEHASXTPREIRTMBIERRE, N33.67%. BREH
ERHE + BEF + fiREHENEREEEFRMUKETN, TPEILEREMER. 55 BIFHE
RSB EERE EBE 2R KPEY, XAFTEMMKENFEE, B—MfttBESBeEmE
i

Xiin
BEEFMKE, KEEY, B, B 2R, EBRX
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1. 5|8

B A 2 2B I PR R R NS S H 25 3 0, e R TR A e RS R R JE, Tk Ak R
T YW IR, RKEESAE. BEE R AR KHENM T K, BT KA EE R[],
K E B RIS 2 FEUKME BOKAE LY EZIR, KIEESRGIEL, EWEZHN TRLL R IERE S
FRIMENFAGER TR, DAROKAEIME, B4 FEUKMIER IRk, Tk, RASEThREZ 25 m[2]. 5t
TR 60% L Faab T & B FRAIRES, B, W ezl o 68 = 8 IR KR I K iR 2 i 24 T
T B AR A 7K Y5 Y B A Bl Y ] R3]

BERNKEMEEREARE 2, HEEH KBRS L BK e EN o cR S E0R,
FoEE T KN R I R 2 S A U B i —[1], B BA R, EEFE R, 0]
RV AL BB AES T AT =I5 G 4] [5]. TR, BN AN SIS e R KR
TIN5 7K H R 5 8 R R R U & SRR (6] S MLERTE LY S Y i) 22 E R [ 7155 . REKAE R
Yk EEE, HATH TR RKERDIES SRz 2, RULH, REMEWMERESNGKTEE
HUAS T A I BUR 8] [9].

O RS AL 3 B h T S — K AR5 K AT AR 7T, (BRI, ZFARK AR
()& BEC B 77 A I A R5OR L s — A AL R T AR5 [10]. Coleman Z8[ 11 R I TE A3 . T S FAIK
3 PRE A A PR LG BN A TS K I SR B i . AR s A ENR S HEVEN & B IR K g
o TN, TP R R IR AR [12]. 4R1, Fraser 5[ 13]& IURYITR & MR LK & BEFIRCE
SR -SRI LR EE R REER[41EF T JUMEY & E TR KRR A ROR, RIS A
Yixt TP %N 87%~91%, MDA AN TP ZERFN 63%~88%. T AFI/KAMEYEA A F A
B SCREE, A ROKIS SR A B ZE 0], X5 K Hs e il BRSO & A 2 57, BRUIE AR FIK A AT AR
AME RS A E AL EOR, DT,
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Gubricht [15]48H, WCEIKARYR —FMIKAR B L BRE IRV R A ROER . EHRIGE16]4E: K
AERE IR 2 5 a0 AN AT SR, R AR R A S R AR K R ) S IR FE S N 0.10~0.15 mg/L, 1
EERTHG, KEMDERETES BB RSN R T HES B 15%~25%. RAIE[7)EW T &
T SR e B R R K AR R R 005 G, SCRERI TR IR SRR, SR ERTR A BRI
B, R K AR CE FR R, R SRR 8 K R S SR TR — R R . . AR
1B T5 JerKAR K Bl VR —i5 Y 1% 18].

R FK A AP B GG K AR e v, IRBNE & SR E B IR K R B et K AR
A AR E IS SO TN AR TR, B35, M. 035 4 fok
AERE, oy Bk R RIS [RIAE P02 B 1) B S TR K R 4 A SR AT LB 9, DAV @ Il
FHIFOBCR, BEZIERA S0 K AR B AR, VIR K Ik B i 12
5%,

2. R 55*%
2.1. EEIFH R FERLSK

FERTIATGALS 1) 11 B T, AR AR KRG SRS, RIE 7 a0 R 4 Mok A8y, 2l pnt
P(Salvinia natans)~ =03 (Ipomoea aquatica)~ ¥ 255 (Heleocharisplantagineiformis) J fi 8¢ %.(Hydrocotyle
vulgaris). LA_E/KAAEP 1 WA 0] 5 23R 2 A B T JE 8 M _EdEAT TRUK 5% 2 J o SEB6 BTG £ /N — B4R
PREEATHE IR . N LAADLIS /K R A8 A BR AR AN IR — P S iR AT L], JF A NaOH W& 0I5 pH (W&
1)

2.2, W

BIGHT ] 2017 5 6 H~2017 4F 10 H, iR5GH Sy m Y iR = . RIS B E WA A 1. fR
MR 2. HEREL: 3.0 A0S 40 BPEESE 5. BRMERE + BFEESE. 6. WAkE + BFEESE, 70 O + B
TR 8 MRMHE + BPEESE o+ HERE 9 THEMIMAE AR, SRR 50 x 50 x 40 cm ] PVC #5377
o

RIHT, BRZMEVREURY, fEH  SIREE Tk, YRR . R B oRK TS
It 10 Ko SRJERHAL B A B S KBRS FRAE GO L A, S MEMAERKE=AEE, M EL
UK AFEAR — SR 6~10 #k, HERARIL. 2577068 2 KIS R4 s 7R . RS P TR 7%,
BRENERER S, @ 25T, e NER.

RV IERAE 4 Wk, S ITEKERRT | RFUKEEEEE 11, 36 F 46 FoRFE. REEFERRE)S, H
EETAKIE 3 K, SCRIAF I G S E S & KFERESNEKIEES 1. 6. 11, 16,
36 f1 46 K47, iR ZIGAEARRE, REJFHN 4 COKE P RAF . R, B b #4785
BOJE 5 11 RANEE 36 R AT 22l H HAE R4 5 B 5 58 46 K, 2kicE]. I pH. TN,
TP. HA. MY E, MY E. MYBSE. SWENNE LKA NZIRRR B,
WK AR T 7K 43 G R EE

Table 1. Basic physical and chemical properties of the simulated wastewater

= 1. BISKAIRIRE

febr BAE NH-N  (mg/L) M TN (mg/L) SV TP (mg/L) pH

W 200 250 23 7.4

DOI: 10.12677/aep.2018.85054 438 IS RI R


https://doi.org/10.12677/aep.2018.85054

23. MEHZEEHRES

KA S S8 P ke o G A VY A 8 A0 43 e R VA (GB 11894-1989) i 5, Ak Tk i AH R 44 43 e 6 S vk
(GB11893-1989)ill 5 s /K& pH H pH MIACEEAT I » FEAR TN FI TP 75 7K IR H,SO,-H,0, 1 fif 2330
SE, METEEVEN, (IR ) [19]. KA Excel 2016 GiitEE M2 & M Duncan 2,
FIF SPSS 18.0 Bk, MR FEAT Gu it o A A 2 e 3 VEAG B

3. BRE S
3.1. KEEYRARLEE K E pH BIFME

BEE RIS A RE A, BT ALK AR pH 2 N Bfadh (& 1), kB EIS KBI4G pH 9 7.39. M3
AbFRZH pH FESE 11 RIS SRR RS, (RBH 5 i (]340 2 38 P 2 53 (p > 0.05). 7R3 46 KRB, 203E + B2
FERR P + BFEESE + AR A AL pH R FRIR L IROR, AWIERIY 7.39 43 nilfE % 4.42 F1 4.67.
Br 7 LA EPRALA Ah, HARAERAE S 36 KIS A KA pH BT EH 27, RIH/KERE-E TREE.

3.2. KEEYRARLEE FTKE TR EBRER

3.2.1. IKIERERSEM TN BERBR

AR K AR B 1 A A FL G KR R R A0 B 2 B SREGHTHACER 6 K)KIAR R & & 2 A Fh 2550 B
F(p < 0.05). A A FE h E BIRE S ARAE LSS 36 RIFF, Hhas0sg + B gl & A # & Bk
M 140.85 mg/L FEIKE 50 mg/L 7247, RBRFEN 64%, 5HANAGEAM L 2HREE Z R <0.01). BT /5
46 DA FE PRI AR T B3 2 R (R 0K + BZEFAE G, 1125 B AR R Y 20
WEENX EFA 116,19 mg/L, R & THEACBIA, 0 Y i 4H B i 5 T DO sk FE & 8 9 /KR 1)
FRE . BERRE, 0K + BEFA SN R AN BRI T ey s s .

8.00
AaAaAa Aa AaAaAaAaAa
7.00 Ba
Ba
caCa B
c Ba™Ipca

6.00 Ca
ot
-5

5.00

4.00 — L

1 6 11 16 36
RAERT ()

WO MATERE WAL A MBS MR TSR O 2N TR O MR RRE D 2 AX R
e EITNG FRFRORE SRR (R F AR () ) 22 R W T, RS TR [ A BRI A B2 R W MECR ). Bars with different

lowercase letters in the same sampling date are significantly different at 0.05 level, and bars with different uppercase letters in the same treatment are
significantly different at 0.05 level. (The same below)

Figure 1. Variation of pH in polluted water

& 1. 7K#FR pH BYEELL
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Figure 2. Ammonia nitrogen concentration in high concentration polluted water

2. KIFRRKEREL

KA TN IRFEAL WA 3 Fios, SR AR 6 RIS KPR 1) TN IR BB AR TR IR, HhEE
RIGH AR, R R AR FE KRR TN RS T RO PRI T . AR &, B REG
B, 2038 + BP2E8d AR R TN IRE—H 2R TR, 7258 46 RIBGRES TN ik
FEIE R, BN 222 mg/L B3] 154.72 mg/L, EFRFN 30.3%, SHABAFE LB G E 2 F@p <
0.01). 7ERJGUCHINT, FrA YR ) TN SIS T X RR2H o AR BN 2 00 38 B Fh B & AL BEXT TN
(1 22 B A R B AL T 5 A A A

3.2.2. K& TP BIEBHR

Wk 4 fon, ERIGATHACGE 11 Ki), B THIRER 20N, HARAE KA S TP IREHEE
. (HIES 16 KREFSAACHE A TP IR SCARTEF. E55 46 K, FEHHE + BP23% + B8Ed s
REFRE) TP IRFE AR, N 14.33 mg/L, EBREN 34.3%, FF5HAh AL B AN [F SRAL N A)_E S 2% % 57
(p <0.01); HFZEFAHM TP & 82 18.65 mg/L, HEBRNN 14.4%. 11125 AXTBAKAEF ) TP I E
AR RS . LA LR LML BE TP ERRRCR, KIMH M + B25% + SIEREME0E + B2
A A FRAR T HAd AL EE
3.3. KEEVMEYMETL

TR E TR KT, oA FE YA K 22 E0E], SRR R 23, Wk 2 FiR,
55— USRI T ONARER 2 11 R, B EACFRRIARIT 3 + P25 + MR A S KBNS . 58 Ik
T B OV IREG 5 36 K, P PEACBRARFR AT A KOR I, UREISRIS AR N 36.2 g B4 5=
IR S 46 K, SEEWERFTA B Y) . RIGEHRE, BHBERAEY) B K RE T 125%,
M + B3 + BB A R K Rk, HH 28%A .
34. FEKEEPEFERR. BNSERERKEE

ANFEKAEMEDA ANFEAEKRE, 4 FoKEBEDE KBRS B EARRGE. BERIRE . R
K AEAEYIERIRE 46 RJGARN TN F1 TP S8 WLE 3. MWUMLY HILE TN M TP HIIKESEIK, H
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Figure 3. Concentration of TN in high concentration polluted water
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Figure 4. Concentrations of TP in polluted water

4. 7Kike TP IZE(L

TE R BE 5K BE R, 2R 10 TN ORI TP & S 3G BT o MR B R BR0 25 0 S 1 25 T30
T TN &5 K2 11.95~13.96 g/kg, MM TP & KL 7.11~7.93 ghkg. BF2EF RS ERAK, H
L ER A AN 43 ) A 7.75~11.06 g/kg A1 3.1~5.4 g/kg, AR F0 SR 25 5 53 1 A 4.2~8.02 F13.3~5.18 g/kg.
BRE, DUR K AR R M o U B KT ARy, R EBERE AR R v 2R, R T8
T SCIRAR Y 2 B /K R ) BRI o ELARTE IR (] A T IX 4 FiAE A AT 2 UlcE], (R TN BT TP &
EAAERE—NMEARE KT, R B 2258020 3 G KAE MY T8 FR 0 R AR 6% i
MIRFSRICRE 7)o (HAF 4RIV, PRI + BFEES5 Al A A0 B, WAL A Al (2 1k T 2230y
TP BIKE .
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Table 2. Biomass of different plants after 46 days’ treatment (g/pot)
= 2. TEIEYEEEYETE 46 RAMWEK(gpot, B E)

s Wt e W 1 Wl 2 ekl 3 lhe )58 g
Ly Ea 39.7 27.6 36.2 25.5 89.3 125%
i 71.1 321 30.5 26.2 59.9 ~15.7%
T 48.1 22.4 7.96 21.8 52.1 8.44%
LI =22 67.2 10.2 - 52.4 62.5 -6.91%
R + BF2EsE 120 9.68 13.6 92.0 115 -4.20%
R + BF2R3% 149 18.1 - 86.3 104 -25.1%
T + B 128 20.8 14.7 113.9 149 16.4%
BRI + BFEESE + i 87.4 8.33 18.9 97.8 125 27.9%

T W] 1T IR 11 R Yl 2 iR 36 Rk, il 3 kIR 46 RikE

Table 3. TN and TP content of plants in different plant combinations (g/kg, dw)
= 3. TEHEMHEE TN f1 TP R E(gke, FE)

/(L EI I e e 5= WlkcE] Ik
b ¥R R R R W ZRE RERE
TP N TP TN TP TN TP TN TP TN TP 1IN
Ly Ea 713 126 112 130 147 876 - - 143 608 -
e 711 130 773 939 817 127 542 664 081 751 191 495
guE2 793 126 744 102 654 750 675 821 053 131 003 3.16
(=5 135 495 - - 310 873 518 442 095 573 060 342
BRI + BFAEE(BM) 112 137 744 136 147 222 - - - - - }
MR+ BPEERE (R 224 670 - - 520 111 330 573 - - - -
B + BPEESR () 706 126 113 116 132 742 - - B ;
AR + BFEER (IR 179 584 - - 540 921 484 420 @ - - -
T + FEF(E03) 750 139 946 855 9.84 695 8.03 - - -
W+ BT 193 743 - - 512 839 337 492 - - - -
PR+ BFEEE + AR (GMMSE) 846 120 145 127 129 159 - - - - - .
PRI + BFEERE 4+ AR 114 5.84 - - 447 775 444 802 - - - -
PR + BF223% + HEREGIERE) 732 134 - - 500 512 891 598 - - - -

TS5 G RS B R TR N 5 e it 5 SRR . DR S LA & 5K TN TP
OIS BE 3 L7 4 FZe SRS —URIREICE 11 R, 2503% + BP2E A PRI B $R B 2 TN 50,
N 22.4 mg/pot, 5 A AR UM 25 (p < 0.01). FARFEMIA G UL + BP ST B A0 +
HP 2255 b R P SR U ) TN B AR G E . A 6 R BLE B, 88— ICHICE 11 )R, 3803k + B
2 AL S B SRS B TP MR %, 08 22.1 mg/pot, SHABALIE LB FEE (D < 0.01). FH
DRI (B 36 R, R PEALERICEI A3 3] 14.2 mg 1) TP &g, HIHAMARE R 2% 5 B3 (p <0.05). 2=k
WCEICGH 46 R, 2503 + BP0 A PRSCRIAS B ds s 1) TP MU &, 7399008 32.5 mg. 37.7 mg A1 36.9
mg, 5 HARAL B2 7 5 B3 (p < 0.05). 203 + BPAEFEAL I RIS 201 TP ¥ 6 B mi , 153 55.7 mg,
55 H A AL B 2 A 2 2 (p < 0.01)6
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Table 4. Total uptake of TN in different combinations of plants after 46 days’ treatment (mg/pot)

sl F—YEEI(1L d) HRIHRIG36 d) H=UHI46 d) PRI

Ly Ea 6.77 + 1.45¢d 16.6 +2.98a 10.6 + 1.52de 26.1+1.61bc
B 3.06+0.95d 13.3+3.17a 16.9 + 10.0de —-5.41+12.4d

T 17.1 £ 1.99ab 3.80+0.99b 7.10 +3.02¢ 7.43 +3.89cd

(52 7.14£221bed - 49.2 +9.85bc 47.9+10.0a

MR + HPEEs 11.3 +3.27bed 5.80+ 1.43b 68.4+15.9a 54.6+15.5a
R + BF2R3% 15.8+4.77b - 45.1 +3.89bc 10.7 + 4.59¢
03 + B 22.4+323a 5.81+2.03b 36.5+12.9¢cd 24.0 + 10.1bc
B + BFAERE 4 ARAR 10.1 +3.46bc 6.74 £ 0.69b 49.9 + 8.97bc 39.3+12.7ab

Table 5. Total uptake of TP in different combinations of plants after 46 days’ treatment (mg/pot, dw)
= 5. TEEMHEE 46 XA TP ZELUE E(mg/pot, FE)

sl I d) 36 d) =46 d) PEHUS B
i 4.17+1.79b 14.2+2.98a 11.9+1.02b 28.4+1.29¢
ke 1.65+0.50c 11.6+3.17a 10.5+5.10b 25.9 + 8.00c
TR 10.7 + 1.42a 3.09 £ 0.99b 6.60 +2.84c 21.1+£3.50c
[ 1.94 +0.58¢ - 30.3+5.77ab 28.5 + 6.06¢
FRIE + BPEEE 6.24 +2.21bc 4.95+1.43b 32.5+3.19a 41.7+4.81b
AR + TP 5.48 +2.48bc - 30.8 + 8.68ab 28.1+7.37d
T+ BEH 102+1.97a 5.61+2.03b 36.9+11.0a 55.7+10.6a
AR + BP2ESE + fekn 427 +1.98b 7.65 £ 0.69ab 24.7+1.97ab 33.5+ 1.73bc

Table 6. Removal rates of pollutants after 46 days’ treatment and reduction rates of plant absorption

= 6. 13 46 RKASKH TN, TP MERAIEFREMEMIRUAE R BB R sTak %

Qb
TN A TP N TP

I3 12.2%bc 48.9%b 16.0%bc 2.19% 14.2%
i 18.0%b 40.3%b 10.1%c 0.00% 8.30%
i 17.3%b 49.9%b 10.6%c 0.62% 8.76%
L2 13.2%bc 34.9%c 8.49%c 5.03% 6.70%
PRI + Bp2Es% 12.7%bc 31.5%¢ 9.34%¢ 5.85% 7.55%
MR + BpEsE 18.9%b 48.7%b 8.68%c¢ 0.85% 6.88%
SN + B 30.3%a 80.9%a 21.9%b 1.55% 20.1%
PR + BFAs3E + gk 14.0%bc 36.8%¢ 35.4%a 3.95% 33.7%

7 [ 0] B 10.5%c 21.3%b 7.33%c
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HF 5

3.5. KEENEAFEHE K E SR ERRME R ITERE

7 6 w4, 4 FoKAREY LA ARG K TN TP, REAMERFE TAIRA, 0% + 5
EFAA TN LR EAR MM + B2EF + RS TP LERE, 757918 30.3%-80.9%F1 35.4%,
BEMT HMZ PR . Fo— LB R KR TN (R BRER RS, B2 Rtk S
AR AN BB RAC B AR S K A 75 G IR DTk WL 6. 5 R SoR, FRIHSE + B
ZEFH A WRAE XS K TN IR DT R B, (EANCN 5.8%; T TP 1D FIl ek o ik 28 5t v (19 A2 LI
o+ BEER + MG (33.67%). AKAEFEIN KA TP Bk oT#k 2 & T TN B HIOTIREE .

4. Wig

FER K A0 S B SR KA R o, w] DL dd HE A0 5] A 7K A w3 e 3 7% B R DA Y
TP U e 2 FE T Wk . Kb BRI — DR, AT IR B — 3 4 i 2 N U N B SR K AR
LR E B AR T T 4 FlOK AR I GRS BRI OECER, GRER, T0% + B
ZEFMEN TN KARFRE s, PR + BP2E55 + HiERE4LA X TP Mg et Ji s, BE IR
ORI E K, KR I A TN AR TP 28 &6 N T = A B FEAR . A0 i 4 & 43
AR ISR T LU S P, HTE 35 % R .

TE 46 RISEIG I FE o, BRI FERT 25O SR H AR P sl B ) A B s, 380 526 A 5 0 el 1 ik B V5 e 1Y
fpit, AORRIAE KNS, R A5 IR A S T AR R R, R DA B AR R R B AR SR
HA BRI SR B V5 KE N RS 7T o pH B KR a /R R T2 —, 2 B0 7838 AR A7 12X 7K AR R Bk
FERAWAER, (HEARDR T, JTCHEY IR RA KA pH B Ss SH B BT, X3 EY)
MIAELEXS P KAk pH EAE AR, 34l BeZK A Hh A7 TE R BRZE P A R ORHE T RIS D e

FA A AR K AR E A KRS a] RBLH AN R 2235 68 70 0F 0 R H e 6 v v ek B
(TN 14.68 mg/L, TP 3.87 mg/L)II i A 1% 157K TN I EBRFRATIE 76.9%, X TP HIERRFRIEF] 92.2%
[20]. (HAEARTEFLH, B THERE ARG ZFEAN L, FUCr S TN 2Br%(18%~52%) A1 TP
(10%~66%) 5255, XTI HE5 ARE IR /K 7R & 8 FRALFERE(TN 250 mg/L, TP 17 mg/LyE 5%, SEitid e
R T AE KA S — e FEE L2 B a2 0 SRR KE IR N P oSSR A A KT, WocE
K BRI RA EEIEM, HRBBCRAT™ M FIFETRET . JOME 5552 1 [ HRIE i /K s 250305 7K
TN A1 TP (2B BN 11.2%~62.4%F 7.1%~71.8%, 52 HIELE, ASHIF 50 4 1 45 0 3238 o R AL 478 FH ¢t
TN. TP MR LR R LBAR, 598 17.3%. 10.6%F1 49.9%. FF2E3EA G UL K TN, TP &8 A,
AR ERCOR, X TN R 2 UMK A I E S (1, BN KRR 03 7, Bl
WIARAT S TR R AR R IE . AR —FRE A, AR KR E R, RA TN, TP S A HE, H
I 2 SR AT BT — E I I5 7K I BE T o ASHIF T FPETS K IR FE Ay, 22 P IR AR ROIR DL 22,
YRR Rt — e R L2 2], X 55K E B[220 A4 A — 2
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