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Review and analysis of water quality improvement by floating
treatment wetlands planted with horticulture crops
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Abstract

Floating treatment wetlands (FTWs) are nature-based solutions to control both point
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and nonpoint source pollution and improve water quality. The FTW is a kind of artificial
wetlands built with buoyant materials such as wood rafts or PVC pipes. Plants can grow on the
raft with their roots can be in permanent contact in the water directly. FTWs can effectively
purify water by absorbing nutrients and other pollutants from the water through the growth of
plants and epiphytic microorganisms. This helps in the removal of nutrients like nitrogen and
phosphorus from the water, thereby improving water quality. This ecological engineering
approach imitates natural wetlands and fully utilizes solar energy and plant purification
functions, providing a sustainable solution for improving water quality. However, limited
research exists on the sustainable management strategy for controlling and removing FTW plant
growth. Cultivating and harvesting valuable horticulture crops, including vegetables and
flowers, on FTW could provide financial incentive to supports the operation and maintenance
of the system. The horticulture crops grown on FTW can not only remove pollution in water,
but also provide economic benefits. Therefore, horticulture crops cultivation on FTW is a
feasible solution with great potentials.

This study adopted a systematic review method combined with statistical analysis.
ScienceDirect database is used to collect studies regarding water quality improvement related
to the cultivation of horticulture crops on FTWs. By compiling the published studies, selected
research data, including water quality and system design parameters, are collected. The
aforementioned data can be used to further understand the water quality treatment effect and
the correlation of various parameters through statistical analysis. The results of this study can

provide more information about sustainable operation and management of FTWs.

Keywords: Floating treatment wetlands, Horticulture crops, Water treatment, Economic
viability, Sustainable development
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IR~ P ‘ff'ﬁ’ 3’7%3-?‘ % KR8 At g % B ’ff'éq‘./’i‘f*/pfﬁ PR EIMER LS
SANKREIBTRRE - Ra > EFITE RO RS Lo it 0 E GRER
i B o bR eE AR A Ao e iR 2 B EARALE S B T [1]e Bl
kFRL S g REPE L ARG DELFTT e o

A BB A RMOE AR «E"Tv:@ PR SRR DA & R F] e ok EE
(N)~ BE(P)E H i & %4 Fimr f 2AKAR > 6318 R BRTA 33 kMBS -
T- MR EERLKYPBEETE J\%’r o P FNE L AMPRAOS A e
PR BT HEA K IR A [15]o H ¢ o 28R 4 (Non-point source Pollution, NPS)
AP A oRP F {opiani & RiR[4]c SRR AR 0 2BERG R LB A TR L1
2P A BB A 2 AT B A S SN B Fa A aul el Ap e FEe
Flptoo EELRS A2 5 p KRR R L ahE & R F][13,25] -

GRS B AATE X EFTRfFEPFF SR A > A L 1% (floating
treatment wetland, FTW) (% 5 - fEAT8 ek Fec L Hbe > iy 5 sk g% 1 2L
FTW F]H it § s 4 "f’ka‘?é"“‘ F HEF A FoEDAEL J\%‘rmg g2 R F A4
Eied ¥ fEa L FIML[21,9]-FTW 84 A & PVC # £ 2 5 54 chif g a &

Aﬁﬁ#_ﬂ%”ié’léffﬂ%@@¢ké°w£tﬁpi£@ﬁé“ﬁ56
S FP TR 8 E A K ORI IR R A o B 1 AR ERS i
B0 F BN A A $ 2 4 $95(biofilm) 4z 7 (colonization) > i - H RiEE S ¥R P F
% r;ﬁ_rm,\ i3 feen fc[18] «

FTW il § @ % 4 Lav@s i (T35 3 B4k o Ra > SFE TP o o s
B~ FTW st 2 a0 f o KT Bapld R4 Ao e > e L35 4 5
m«ﬁ T pae § ST dpd FIW st SR F R &1 S o blde o

CF AL AB AFTW PR TEFEY wE A B b Br IFEFHFL T
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L Fafch g

AP g e FTW fate B4 (540 4p B 2 -k e ;:ipi o 12 ScienceDirect 3 7L
B> % T 41 %E (floating treatment wetlands, FTWs) | ~ 1 7% % (constructed floating
wetlands, CFWs) | ~ I ] £ % 4 (horticulture crops) ; ~ " i 4 (crops) ; ~ I -k  #& & (Water
treatment) " § & F A% (nutrlent removal) | & Fs,?ﬁ;i PIEE AT B ene },%?‘;‘3'-5'] 4 1o
k@ *‘IS/MH’“ AP E ﬂw_ﬂ’“ TR R SRR E TR T H 2herg A3t L ] e 1]%5;
T A R oo )7 & ¢ 7 AFal s 5 Q)
FERE Y TR RO LAk BRSO ER RS (3) ?1*%“’ E4 ﬂg e
EEAY RS PR ond T BN REFES R0 2 KB LD :ia‘;ﬂ‘ﬁ@mvf;’%
REASFO AT BT R E0L 2977 o

T

21 25 B2 FIWF ] &

PR RARAE kW t 4 fB47 = 3513 5k % (%) R e
seree B AL |

[12] 2 &% Eﬁﬁ%% ok Tagetes erecta TN: 64.3; TP: 86.2 iR
2

[6] 4 E@s%k4 B &~k Irisensata a iR

TN: 84.5; TP: 45.2; BODS:

[16] 2 sk B Ak Canna sp. 75.0: COD: 61.3 ¥ ",
[16] 2 sk ®Wa Ak Iris sp. EgD65628TP 41.9,BOD:826; . .
[16] 4EEmE R Ak K;Z?J;e;rtggsin%ugyperus sp. & 220657361—'3 50.0; BOD: 78.3; ¥
[20] 2 fiieskd Pk Canna generalis TN: 83 A%
21 dgsemfs 2iemk  oonaindica&Chsopogon TR 63 TP8LO;BODISA0: by
[2] 4 Rikmk i 4 A7 K gﬁgggsindica & Hibiscus rosa- (T:gD647iSTP 64.4; BOD: 70.6; o
@ spwan vk GpEOmmOes  TLSLTsss00s g
[8] 4Rk A EAK Ipomonea aquatica IgéZS'S; BODS: 52.1; COD: $ 5
[11] 2 & Pk Ipomonea aquatica lglg;-N: 39.4; TN: 54.4; TP 4R
[24] 2 fEzdsfn Pk Oenanthe javanica 2‘7"_|54'N: 94.5; TN: 91.3; TP 4R
[28] 2 @& Pk Oenanthe javanica '7\| 6H54 '269;;:'2;;5’\': 90.8; TP: YR
[26] R LR Oenanthe javanica ,1\|1H2420|§72£;”2\| 43.5; TP: ¢ R
[17] 4 hFEHKE PR Canna sp. NH4-N: 100; TN: 50.4 ¢ R
[3] 2 fi iR 4 ;i@?‘ 5 Canna sp. NH4-N: -36.0 B
[23] 2 &% Zﬁ'ﬁ’% K Canna flaccida & Juncus effusus  TN: 70.8; TP: 60.2 iR
[9] 4 AEFEHE B TK Iris sp. TN: 98.0; TP: 92,0 T
#* 2L Py
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d A 2ty é/ﬁ%i’aﬁf—,’éiﬁﬂi MR RETHR FI AR R RETHREE R A
WP 2R S A2 R iﬁkL%g_&)i"éifi?: ~oRiE S R4 R BF R (Hydraulic
Retention Time, HRT) ~ -k # { j7 & (Hydraulic Loading Rate, HLR)# 2 NH4-N -~ TN ~ TP
2 E R BRIP4 ’f’%%"fa TR e Y RII L PR LTSRN A %I’('}E’_&%
]_?]sﬁﬁ’f L_ﬁé&}-mSF i * > FTW F’fﬁ#;fﬁl}m%"fﬂ WERE e lgp."ﬁff% g»
FIMEOREEFRE KRR I3°CEO QI REFF AL AL HFY ”’"[5]0?1»‘“
KEEFEMTEROEERAD AL AT E -

209 2 ?11 :;ﬁ_;f{ejw)ﬁz%-“@ﬁ‘;é}gk o R L R A TR N 0 AAT T M-k g
T AP (D&Q)H 78 E[14] « $4A B HLR e o 1 TR 7 0T 2N R
_ Vv
HLR= TR (D)

o Vm) i ks A AM)E kA 5 26 o HRT(A) 5 k4 BFHERF TR
N e Mk R (A E 5 Cinfe Co)d 7 2 % > B FR)BE T 2583 5

Cln Cout

R(%) = x100% @)
EAREF PP E 2 L FIW & ff kit e fenf A0t o XA b
4

[89.17.26,27]% & %3k iin bl e ik o £ 5 TAL o o it < ReAF HR Y ks
B2 FTW 4pid » FIpt AV R T™ » BRER R E F 5 100%% 77 o

2. s

AET Y i % RStudio 4.4.1 58 {7 53 4 47 > 5= R FIW A I (v -k e g o0
ok SR T ROL BAPAH 2 ERAK L MY AL E (Spearman)
PAM GHA T R GRS B S BB Rs BB o 50 €1 NHAN TN 4o TP L B
R R M G F AR LY BT TR L AT i
3P ehedF A7 4 = Spearman Ap B 7k AL > 1B - ’5‘51‘”“’ §fF & 470 14 £ 14 NH4-
N~ TN e TPk & % i 3 i 235 Sodfez. B enBl T o B8 > 3R % 38 9% i jF 2 17 (stepwise
regression analysis) & i 1 #2 NH4-N ~ TN v TP )k & "8 M b Ap bl 2 p %8> 342 50 »
TG A gAY

Y:a+b1X1+b2X2+"'+ann (3)

He Y EFgHEAFRE > X1~ X2 Xn £p S FHBELNHAN TN & TP LB
% B AC=Cy, - Coy (Mg/L) > @ p SHch AT EZ ER (M)~ » 75k & (mg/L) ~ HLR
(m/d)4= HRT (d) «
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22 AP CE Y RLEF BT RS SRR
A R
By i hE ( ')r HLR(m/d) HRT(d) NH4-N TN TP
m
3;4:
ST ST 4 S RS TN T 4 S R T T )
(mgl) (mgl) (%) (mglL) (mylL) (%) (mglL) (mglL) (%)
[12] Tagetes erecta 0.85 0.76 0.011 84 a a a 38,57 13.77 6431 5.84 0.81 86.16
[16] Canna sp. 0.50 0.3 0.040 7.5 a a a 870 190 7816 3.1 190 38.71
[16] Canna sp. 0.80 0.3 0.040 7.5 a a a 8.70 0.80 90.80 3.1 150 5161
[16] Iris sp. 050 0.3 0.040 75 a a a 870 340 60.92 3.1 2.00 3548
[16] Iris sp. 0.80 0.3 0.040 75 a a a 870 260 7011 3.1 160 48.39
Iris orientalis &
[16] Cyperussp. & Acorus 0.50 0.3 0.040 75 a a a 870 410 5287 31 200 3548
gramineus
Iris orientalis &
[16] Cyperussp. & Acorus 0.80 0.3 0.040 7.5 a a a 870 190 7816 3.1 110 64.52
gramineus
Canna indica &
[2] Chrysopogon 0.59 0.56 0.019 30 54 4450 82.4 38.00 9.99 737 8 190 76.2
zizanioides
Canna indica &
[2] Chrysopogon 0.59 0.56 0.019 30 54 a a 38.00 802 789 8 1.05 86.9
zizanioides
[y Camaindica& o5 g5 0019 30 54 4223 782 3800 1113 70.7 8 341 574
Hibiscus rosa-sinensis
[ Canmaindica& 4.5 o6 0019 30 54 a a 3800 1600 579 8 229 714
Hibiscus rosa-sinensis
Chrysopogon
[2] zizanioides & Hibiscus 0.59 0.56 0.019 30 54 4547 84.2 38.00 1851 513 8 171 786
rosa-sinensis
Chrysopogon
[2] zizanioides & Hibiscus 0.59 0.56 0.019 30 54 43.42 80.4 38.00 802 789 8 248 69
rosa-sinensis
[8] Ipomonea aquatica 1 1.10 0.063 16 16.66 3.59 7845 1999 490 7549 a a a
[8] Ipomonea aquatica 1 1.10 0.125 2745 16.19 41.02 3196 19.52 38.92 a a a
[8] Ipomonea aquatica 1 1.10 0.250 2532 2392 553 2942 2697 833 a a a
[8] Ipomonea aquatica 1 1.10 0.375 2.7 2532 2321 833 2942 2655 976 a a a
[8] Ipomonea aquatica 1 1.10 0.500 2 27.45 23.09 1588 3196 26.59 16.80 a a a
[8] Ipomonea aquatica 1 1.10 0.625 16 16.66 17.13 -2.82 1999 19.23 380 a a a
[11] Ipomonea aquatica 0.14 18 0.160 7 216 113 4769 515 196 6194 0097 0.4 62.89
[11] Ipomonea aquatica 0.14 18 0.220 5 216 13 3981 515 229 5553 097 04 55.67
[11] Ipomonea aquatica 0.14 18 0.370 3 216 15 3056 5.15 238 45.63 097 05 47.42
[24] Oenanthe javanica 0.56 0.48 0.014 15 837 046 9450 1832 159 9132 08 0.3 57.50
[28] Oenanthe javanica 1 0.38 0.035 35 933 031 9668 1258 1.16 90.78 0.68 0.2 76.47
[26] Oenanthe javanica 1 0.75 0.200 3 093 119 -2796 376 259 3112 1.25 1.2 6.40
[26] Oenanthe javanica 1 0.75 0.300 2 091 131 -4396 457 295 3545 1.35 1.2 14.07
[26] Oenanthe javanica 1 0.75 0.600 1 138 054 6087 794 286 6398 154 1.3 12.99
[17] Cannasp. 1 0.5 0.100 5 275 0 100.00 871 432 5040 a a a
[23] Cannaflaccida & 095 051 0190 3 a a a 085 014 8353 008 0 75.00
Juncus effusus
[23) Cannaflaccida & 095 051 0190 3 a a a 188 079 5798 022 01 4545
Juncus effusus
[9] Iris sp. 1 0.25 0.003 91 a a a 390 0.08 98.00 0.17 0.01 92.00
ad £ By
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FTW i Soefrk Fecd »ed 82 8 i 55k Aom gk jie— > ¢ € 9|9 Bk 3+ ﬁgxmg =
FIEAMREF ~ KIE >~ k4 2 g PP (Hydraulic Retention Time, HRT) ~ -k é yeaE
(Hydraulic Loading Rate, HLR)4 2 NH4-N ~ & § (TN)fedm(TP) e r jii)k & o Ft >
i* NH4-N ~ TN fr TP Jk & *% k3 Sodiez. B bl 0 > $20 8- HIFTE Ap M r+ i
A

g 1 gy > & FTW rstd o 3§ (IN)ihT3o8 % 5 5 52.1% > R 6§ #'%
FiE 8% @ B P S 3.8% 113 Vymazal [22]$ & 5 4 1 RE ¥ & 8 5k cop
;Z ' FTW ’rﬁTNiiﬂ%%“f—f % 54.8% ¢ % 3 ¢ &1 Spearman 4p B ¥ A 458+ 0 TN B R

FHEHRT2Z F 3 g B M @E=0.788;p=0.00;n=31)> b > B x kR~
BB ARDAM(@=0777;p=000;n=31) tpE# - TNEA & HLR 2 B RI2F 7 & 3
BB A (r=-0.753;p=0.00;n=31) o {2453k % ~:z Er;/w\%fr"% 2 o & J HLR 4 » ik
RR L P RS R o ST 2 A5t

ACyy =4.371-22.52 HLR +0.504 C;,
(r* =0.790; n=31; p=0.00) 4)

H ¥ s ACIN= Cip - Coud TN % 2k & (mg/L) > Cipde Coued Bl 5 TN e x i 27 41 5k
B (mg/L) » HLR % -k 4 § j7 F(m/d) »

TN kA" 22 HRT 2 B 5 &% A2 4pM » & 72 & HRT 7 243038 3 %‘“”f
2o o ik e HRT #KHY chE 23 { SR 210 o2 F 80 Ko # 4l
FHGE e T haP i &E*%PT HRT > kR G FLRRDODARM >
[826]5F 5 @ &5 7 1 » bk B TN%%%'—(“‘U# o~ gndk B P 4ot HRT 3 £ £ 3 ¢

L .
# 3 TN kAR "% <3 M 2 Spearman 4p B % #c
R , 2 kR
¥ kiE(mM) HLR(m/d) HRT(d) » ik & (mg/L) (mg/L)
R EESF Spearman'sr 1
Sig. (<0.005)
-k 7= (m) Spearman'sr -0.002 1
Sig. (<0.005) 0.993
HLR(m/d) Spearman'sr 0.327 0.537 1
Sig. (<0.005) 0.063  0.001
HRT(d) Spearman'sr -0.344 -0.168 -0.835 1

Sig. (<0.005) 0.050  0.350  0.000
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» onik & (mg/L) Spearman'sr -0.015 0.163  -0.425 0515 1

Sig. (<0.005) 0.935  0.380  0.017 0.003
%2 kR

Spearman'sr -0.261  -0.207 -0.753  0.788  0.777 1
(mg/L)

Sig. (<0.005) 0.156  0.263  0.000 0.000  0.000

el AR B R AR M

2. WA “,%

Wix 2 1 277 > FTW s 5@ S m(TP) i “,4rf FHEE A 6.4%3 2% F 0 Lo
",% F 5 52.6%  iz- #E % >t Vymazal [22]#73F 24 FTW 2 TP T 54 “,ﬁ% F42.1%

Mt TP 47 Spearman #p b (3 #cs 740k 4 9757 > TP R R 4% M2 ~ JNER 2 B 35
AZEF BRI APME=0911;p=0.00;n=24)> a2 HRT R 57 B 4p M (r=0.617;p
=0.001;n=24) > & HLR BRI+ &1 ¢ & f 49 b (r=-0.576; p=0.003; n=24) o f3+i% % %

AAFFAATEE T VI B LD R i 2
ACtp=-0.618 +0.012 HRT +0.75 C;,
(r = 0.948; n=24; p = 0.00) (5)

H ¥ ACrp=Ci- Cous TP ™ 12 ik B (mg/L) » Cipfe Cour Bl 5 TP &hr g 41 ik
B (mg/L) » HRT % -k 4 2§ B (d) -

BATF[2,11,23]% o F ~inen TP R R 4B BF > FTW kb7 Ja 442 % 2 Hgd jied
Pemsojoiv 4§ R FH R 0 A FH S HBE ST 0 FI SRk R S TP kR %
M2 B3 aFtd g RAOLAPMIE e ¥ oo Rl gkl R ElE PN jT @
et e g Bfpde cnd KR Ap Mo WL F PR RS LS B T € 3 ETH 4 [27] ¢
Flt o i P HRT e 40 2 TP R & "% 2 P T2 Aphi e o

# 4 TP k& "% "5 B 2. Spearman #p B 7% #ic

AR BRSO TEM2E
ki (m) HLR(m/d) HRT(d)
R (mg/L)  &(mg/L)
EREBEF Spearman'sr 1
Sig. (<0.005)
-k (M) Spearman'sr  -0.002 1
Sig. (<0.005)  0.993
HLR(m/d) Spearman'sr  0.327  0.537 1
Sig. (<0.005) 0.063 0.001
HRT(d) Spearman'sr  -0.344 -0.168 -0.835 1
Sig. (<0.005) 0.050 0.350 0.000
» ok B (mg/L) Spearman'sr  -0.248  0.058 -0.430 0.439 1
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Sig. (<0.005) 0.242 0.789 0.036 0.032
" 142 k& (mg/L) Spearman'sr -0.364 -0.014 -0.576 0.617 0.911 1
Sig. (<0.005) 0.080 0.949 0.003 0.001 0.000
AL E A R ¥

ded 1o 6 FTW k569 0 £ § (NHeN)ehT 5548 1% 5 5 44.1% B i 100%
M B BB 5 -43.96% © Mfgdw #FTW s 5087 § o NHN 5 o g T 4
45%3% 75%2 F¥[10,19] -

5% 5 #75% 2. Spearman 4p B Tk #ic 0 NHe-N iR B " &2 » ER 2 B3 &3 &
T4 (r=0.801;p=0.00;n=21)+ 2 HLR 2 ¥ Bl A5 1 & & f 49 B (r=-0.718; p=0.00;
n=21)- & £-RiFE=-0.551;p=00Ln=21)R1 5 # & f 488 o A>TEH § 2w fFa AT

BT 2oz 5d

ACyp,n =-0.937+0.328 C;,

(> =0.790; n=21; p = 0.00) (6)

He o ACNH4 N= Cin_ Cout % NHs-N *% 1 2_ /% )i(mg/L) ’ Cin'f\f' Cout'é’\ | % NHa-N #x jn
g ik B (mg/L) -

AT ST O NHeN BB M 2 iR kR 2ZBF G A3 REIINM - &
[2,11,26,271F= % ® > % » im ey NHa-N Jk & 3 S ¥ > 50 F 2 ie FTW % 5L g4 ficd 4
TR LY RS A T o NHeN 5 5 A B (NO2-N ) fesd i 3 (NOs-
N) &5 7 7 S e ey 28 0 A 3 8 54 NHaN ensscfe oo gt ob 5 45 [17]6% 5 > §
S Pk g § B (DO) R A i FEflie A A 1 F s 0 3 NHeN JE B g 7 %
Flpt A oa g % R wE ] 100% 594 K,%., o

# 5NH4-N jE & "% 5 B 2= Spearman 4p B 7% e 'L

#4#4 K -k F HLRm/d) HRT) ~om ok R ER
F (m) B (mg/L)  (mg/L)
AR ESF  Spearman'sr 1
Sig. (<0.005)
‘K (m) Spearman's r -0.002 1

Sig. (<0.005)  0.993

HLR(m/d) Spearman's r 0.327 0.537 1
Sig. (<0.005)  0.064 0.001

HRT(d) Spearman's r -0.344  -0.168  -0.835 1
Sig. (<0.005)  0.050 0.350 0.000
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* ik R Spearman's r 0.069 -0.442  -0.509 0.205 1

(mg/L) Sig. (<0.005)  0.766  0.045  0.018 0.374
142 k& Spearman'sr  0.066  -0.551  -0.718 0.405 0.801 1
(mg/L) Sig. (<0.005)  0.777  0.010  0.000 0.069 0.000

et A T B A

- SHmaEE

AR A FTW ko9 48 B4R (4 bk oc g S ocanip b 2 > $9 r o
12 5 2 it (T3 447 o FEARA 3 0 FTW 5 508 NHe-N ~ TN e TP Jk & 7% (5817
VBE ¥ 2%k o & TN 4o TP ed ufxfm B F FAp R A 0 b NHeN ihd g
PUEE T I (X e o o 33 & L % iR Bl A3 NHy-N JE B o' K 3]~ kA
—’m:%ﬁi? Fooy rmkRE R TR ERS TR O] AL En PEFRAT R
chi oo tAp B (s 457 > 7 1UBLR B NHa-N~ TN 4o TP ik & c9%% (22 8~ SRk B 2
B ted RAPB ML o 2 b o A AR P o MURER TS 28~ > e BT MRk
B Rk § RS Tajednd chE kit .

T

P b

THH FTW fse? bt 7 e fligtk? § &4 Fehx 22 ik P gk X

£ 7 £& & & o Zhangetal. [27)F7 T 4p > TR FTW @ ihfe e # B ¥ 3k 3 48 ik s
m]\;‘r,i Laxd s Fl G e de Rz w ik (7o fa § AR L ¢ SojTiny ”#?"fﬁ‘wrﬁﬁ:
wokd o g eh s AR R B (PR A kY TNAe TP 2 G 0 22 % & FTW ¥
I RY Y T AR [12,14]  BEr DA g ok o d WHE T LA FERE 0 T
B g T Ferdasl FTW g 329 cng 2R3 AL 0 Jia § R FTW Jk stenv 455
W IF o

P EL P AR BT G R R AP ] S FTW ¢ e A EE
PRBEPTEF R R G ARMA L ARG L T AP g BF L7
7L T e B Y =iV SV S A R A= Sk _1_? ?Iﬂ'rx’w“\ 12::}75;
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