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Selection of Aquatic Plants Having High Uptake Ability of Pollutants in Raw Sewage

Treatment

Choon-Song Kim*, Jee-Yeon Ko, Jae-Saeng Lee, Sung-Tae Park, Yeon-Chung Ku, and Hang-Won Kangl) (Yeongnam
Agricultural Research Institute, National Institute of Crop Science, RDA, Milyang, 627-803 YRural Development

Administration, Suwon, 441-707)

ABSTRACT: Excess runoff contaminated with N and P can impact the quality of downstream water. It has
been known that aquatic plants improve the water quality through their intake of orgamic or inorganic
nutrients. This study was conducted to select aquatic plants having high purification ability for nutrient N
and P, and mineral nutrients related to EC such as K, Ca, Na, Cl, and SOy in raw sewage water in green-
house. We assessed nutrient phytoremediation potential of alien hydrophyte and hydro-crop as well as native
landscape hydrophyte to select suitable aquatic plant applied to artificial wetland and buffering site of stneam;
side. The amount of imigation water during whole growing period of aquatic plants ranged from 225 L m’
to 444 L m™. Oryza sativa, Typha orientalis, Zizania latifolia, Aster subulatus, Coix lachryma-jobi var. mayuen,
Paspalum disdichum var. indutum which had high biomass consumed the large amount of imigation water
over 350 L m”. As a result of analysis of water purification effect, N and P content of shoot biomass, and
media soil after experiment, Oryza sativa, Zizania latifolia, Aster subulatus, Coix lachryma-jobi var.
mayuen, Paspalum distichum var. indutum showed high purification ability about eutrophication elements
such as T-N and T-P. It is presented that Pistia stratiotes, Eichhornia crassipes, and Paspalum distichum
var. indutum had excellent purification ability about K, Ca, Na, and Cl. Moreover, Paspalum distichum var.

indutum greatly removed SO, in raw sewage water.

Key Words: aquatic plant, water purification, nutrient N and P, mineral nutrient, wetland
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Table 1. The list of aquatic plants tested in the experiment

Group English name Korean name Scientific name AW? Family name Life forms
Phragmites . Perennial,
Common reed 4y communis Tru. PC Gramineae Emergent
Brown Persicaria Annual,
T
silvertopgrass et thunbergii H. Gross Pr Polygonaceae Emergent
Japanese S Leersia . Perennial,
cutgrass HEAE japonica Maxino &l Gramineae ' Emergent
. = Trapa Annual,
- n
Singhara-nut Ve iaponica Fuzroy i Trapaceae Floating-leaved
Amur Bolx Miscanthus . Perennial,
Native sliver-grass & sacchariflorus Benra. MS Gr cae Emergent
. . B Typha Perennial,
Oriental Cattail = orientalis Pres, TO Typhaceae Emergent
Persicaria Annual,
Marshpepper o} 7 hydropiper (L) Seack PH Polygonaceae Emergent
. Hydrocharis . Perennial
X v y . 4
Frogbit FehE dubia(BL) Backex HD Hydrocharitaceae g ;o Jeaved
oy = Zizania . Perennial,
Wild rice = latifolia Turc. ZL Gramineae Emergent
e Acorus calamus Perennial
JSE 4
Sweet flag - var. angustatus Begss. ac Araceae Emergent
= 1 i, . l
Water lettuce =35 Zli;?o tos 1. PS Araceae g:;:f‘figzt/ing
Devil's Bidens . Annual
o] 2 7}akA ,
beggarticks I=7FeAre frondosa L. BE Compositae Emergcfnt
Alien  Waterhyacinth A (E;g;hggma c]i'asszpes EC Pontederiaceae Ef;:nf?;:hng
-} Soums-Laus. .
Saltmarsh aster  M}AF55 Il:l/iier s@:;atxbulatus AS Compositae Emelrl;'m
HX- .
Al Paspalum distichum . Perennial
R0 P 4
Knotgrass dE b L. var. indutum Spwers D Gramineae Emergent
Rice” 1 Oryza sativa L. 0S Gramineae ual,
Ty Emergent
Crop  Water dropwort U] ]('ZZZZ?CT(%L) DC oj Umbelliferae Ef;ggilt’
, ) =) Coix lachryma-jobi . Annual,
Job's tears =T var. mayuen S. cL Gr cae Emergent

YAW : abbreviated word, rice cultivar : Kouketsumochi, “Job's tears cultivar : Miryangyulmu
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Fig. 1. Whole scene of greenhouse (left) and pot diagram used in the experiment (right) to assess the water purification

ability of aquatic plants.

Table 2. Water quality of raw sewage used in the experiment

pH EC Do T-N T-P Ca Mg Na c 504
(dS m™) (mg L")
7.6 0.69 0.18 32.8 118 37.8 137 40.8 55.9 363

Table 3. Chemical properties of media soil used in the experiment

pH EC OM AV. P)Os K Ca Mg Na
(1:5) (ds m™) (g kg™ (mg kg) ~(cmol” kg™)-
6.3 0.07 9.67 114.7 0.09 3.94 1.00 0.36
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Fig. 2. Growth characteristics of aquatic plants.

Dry weight{g m™2)

g, vAFERETE 500 g m” oo R B 5L Witk
FANEY A7 B9 TSt AR AT EE
EA8 43R= Table 49 2o} #7)FE o83t éml 3}
FEHAYE F2de £242 TN 328 mg L7, T-P
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Table 4. Average quality of surface and percolation water during whole growing period of aquatic plants

Surface water

Percolation water

Aquatic plants T-N T-P K Ca Na T-N T-P K Ca Na
---------------- (mg L)~

pPC 52 2.6 13.7 339 39.5 3.2 04 5.4 64.5 542

PT 4.7 25 5.9 27.6 27.5 44 0.4 3.6 40.0 56.4

L 5.8 3.4 11.8 429 47.0 43 1.0 5.7 469 56.1

T] 5.3 17 8.1 24.2 279 3.1 0.3 3.0 31.0 50.3

Native MS 4.8 11 11.3 314 373 3.9 04 4.7 44.6 57.5

TO 5.9 7.3 11.6 348 46.2 34 26 7.7 50.9 56.8

PH 4.9 22 12.7 44.3 36.5 3.6 02 39 40.7 69.2

HD 6.0 3.0 7.1 24.6 329 3.8 0.2 33 352 51.8

ZL 52 4.1 200 39.8 57.1 3.3 0.6 5.5 52.0 58.4

AC 57 2.0 14.7 34.3 415 2.7 05 37 48.0 524

PS 4.2 20 0.3 144 277 35 0.6 4.6 36.9 226

BF 53 29 14.2 432 426 3.2 0.3 5.5 43.2 86.7

Alien EC 4.4 0.9 0.4 13.6 235 3.9 0.9 3.0 212 225

AS 53 3.6 10.0 262 4.7 44 12 4.0 33.6 56.2

PD 4.3 0.8 0.7 26.5 27.0 3.0 04 21 31.0 49.1

0s 5.6 42 124 403 449 4.6 14 5.6 43.9 54.5

Crop 0] 52 1.2 5.6 294 37.7 4.1 0.6 48 34.7 58.2

CL 6.0 17 6.6 27.0 377 33 0.6 27 25.9 55.3

Non-planting 6.1 4.2 13.5 31.9 37.2 4.2 1.5 6.9 38.1 55.4
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Scientific name

Zizania latifolia, Oryza sativa,
I Paspalum distichum var. indutum,
Coix lachryma-jobi var. mayuen

I -

il Eichhornia crassipes, Pistia stratiotes
Aster subulatus, Typha orientalis,

v Phragmites communis and so on,

twelve species

Fig. 3. Grouping of aquatic plants by the content of nutrient N and P per area unit (m?).

I : TN, 27gm & P05,

I : T-N, <7gm & P0s, >5gm

10
8 1 o
$E 6
g 5
5° o
otV @) 1
. e e
0 2 4 6 7 8 10 12 14
Ca0(g m?)

75gm,II T-N, >7gm &P205,<5gm,
IV : T-N, <7gm &P205,<5gm.

Group” Scientific name
I Pistia stratiotes, Eichhornia crassipes
I Paspalum distichum var. indutum
Persicaria thunbergii, Typha orientalis,
m Miscanthus sacchariflorus,
Coix lachryma-jobi var. mayuen
Aster subulatus, Oenanthe javanica,
v Persicaria hydropiper, and so on,

eleven species

Fig. 4. Grouping of aquatic plants by the content of nutrient Ca and Na per area unit (m?).

I : NaO, 25 g m” & CaO, >7gm,

: NaxO, >5gm & CaO, <7gm,

I : NayO, <5 g m” & CaO, 27 ¢ m?, IV : NayO, <5 g m” & Ca0, <7 g m>.
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Table 6. The purification effect of aquatic plants on T-N
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Table 8°l4 Hi= ﬂxﬁj Hojoksl A48 T-N# T-P &

o et S A, 2, AT, BT, BEPIS, 5

Amount of Surface water Percolation water
Aquatic plants rgeton WPE? PAW" WPE PAW
(L m?) (%) (mg m? day”) (%) (mg m* day™)

PC 287.1 84.2 95.2 90.2 102.4

PT 268.6 85.6 90.4 86.7 91.6

Lj 3143 82.4 1024 86.8 1084

] 256.9 83.7 85.5 90.6 91.6

Native MS 250.9 85.4 84.3 88.2 88.0
TO 4029 81.9 130.1 89.8 1434

PH 2249 85.0 75.9 89.2 79.5

HD 2499 81.7 80.7 88.3 86.7

ZL 355.7 84.2 118.1 90.0 1265

AC 320.7 82.7 104.8 91.8 1169

PS 2943 87.3 1012 89.4 103.6

BF 3229 83.8 107.2 90.4 115.7

Alien EC 2829 86.7 97.6 88.3 98.8
AS 398.6 83.8 1325 86.6 136.1

PD 357.1 86.8 1229 91.0 1289

0s 4443 83.0 14538 85.9 150.6

Crop o] 270.9 84.2 90.4 875 94.0
CL 385.7 81.6 124.1 90.0 137.3
Non-planting 2071 81.6 67.5 87.2 71.1

WPE : Water purification efficiency (%) =

(average quality of irrigation water- ;average quality of surface or

percolation water in aquatic E)lant Fot) / average quality of irrigation water x 100, PPAW : Purification amount of

water quality per day(mg m

day™) = [Amount of irrigation water x (average quality of irrigation water - average

quality of surface or percolation water in aquatic plant pot)] / growth period after irrigation of sewage water.
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Table 7. The purification effect of aquatic plants on T-P
Surface water Percolation water
Aquatic plants WPE PAW WPE PAW
(%) (mg m” day™) (%) (mg m? day™)
PC 78.1 313 96.4 39.8
PT 78.6 30.1 96.7 37.3
L 715 325 91.6 41.0
TJ 85.2 313 97.9 36.1
Native MS 90.6 325 96.2 33.7
TO 38.5 21.7 77.8 4.6
PH 814 26.5 98.3 31.3
HD 74.8 26.5 98.0 349
ZL 64.9 325 94.8 48.2
AC 82.8 37.3 96.1 434
PS 83.5 349 94.6 39.8
BF 75.7 34.9 97.0 446
Alien EC 92.3 373 92.6 373
AS 69.2 39.8 89.5 50.6
PD 93.1 47.0 96.7 494
0S 62.6 39.8 88.0 55.4
Crop o] 89.6 349 95.0 36.1
CL 85.6 47.0 94.9 51.8
Non-planting 64.5 19.3 87.5 25.3
Table 8. Classification of aquatic plants by purification ability of nutrient N and P during whole growing period
Net purification Net purification amount of T-N (g o)
amount of T-P
(g m?) 0~20 2.1~40 41~
Persicaria thunbergii (2.0, 0.9)"
Trapa japonica (1.5, 1.0 . .
0~1.0 Perspica]r iZ hy drogoiper (0.7)/ 0.6) - Typha orientalis (5.3, 0.3)
Hydrocharis dubia (1.1, 0.6)
Miscanthus sacchariflorus Phragmites communis (2.4, 1.1), Oryza sativa (6.6, 1.7),
(1.5, 1.1), Leersia japonica (2.9, 1.1), Zizania latifolia (4.3, 1.1),
Oenanthe javanica (1.9, 1.3) Pistia stratiotes (2.9, 1.3), Aster subulatus (5.4, 1.7)
1.1~20 Eichhornia crassipes (2.5, 1.5),
Bidens frondosa (3.3, 1.3),
Acorus calamus var.
angustatus (3.2, 1.6)
Coix lachryma-jobi var.
20~ . . mayuen (4.8, 2.3),
) Paspalum distichum var.
indutum (4.6, 2.3)
O TN 41 g m? o}, T-P 10 g m? o402 Fobd ¥ 7k Wr)zele 3, 2udel, ¥E, =323t Agahc
JopshdRel et £ARBEe] B ANE BT, PB I R0s vk ek e SRR PIEe 4R %
EE TR TN e B3jsiol S SUANE S AERY Kang & Shin?o) wne] ok Bl
Ak AA Qﬂﬂ-Ek(Table 8 xﬂq}zﬂ—ak(lzlg 3 2A 2o delsl A ZANAME H&j7} A x%oll B g
F AT B o & W, &, 2G5O ARAEel B BoNAY $AAHNBLA AHE Akn & 5 ok

Qaksld 8ol AHilsgo] oy A Es wagn) B o

;Lg}, ::l)g] 2= A g}\]\:roﬂ Z]-O] ]X]U]* Seo = cls)o Z]'Oﬂxéiﬂ'*é‘
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£ Kol 3t HsEs
9] AFEL 47.9~99.3%2)




32 AEE - A - o4 -

Be - 7% - B

Hoz FdFe "EA T, Feegela 953] 23oH,
ZAFY] e Ashgo] 39 2, g,
& teo] B, HIAESE, H, &5 FollA] 130 mg
m” day”’ oo R £& AWE wivh 44 EY K H3
S3h= qRge] Hlste] FARpelM THEE AFgolglon,
e &7, RS, wEelA 92% o] Ashe
& B0, s W, &, nARS, e & 9E
FlolA 140 mg m? day’ ©J¥oR w2 AHE et

FARE] ANE TES K Akl Fa4) K 3
SRS e ¢33 Fig. 59 2tk Zua9 oy
42 0.6 g molM &N 83 g m*7A £ E

Table 9. The purification effect of aquatic plants on K
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Ztde}. AAH o R Kol dist gatavdhe 2use) A5l
A FAAE wet ezhe] Zlo7} gllont a9

i My %
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N

Surface water

Percolation water

Aquatic plants WPE PAW WPE PAW
(%) (mg m” day™") (%) (mg m” day’)

PC 64.3 855 85.8 1145

PT 84.7 104.8 9.5 112.0

L 69.4 101.2 85.2 124.1

TJ 78.8 94.0 923 109.6

Native MS 70.4 81.9 87.7 101.2
TO 69.8 130.1 80.0 149.4

PH 67.1 69.9 89.9 94.0

HD 81.4 94.0 915 106.0

ZL 479 783 85.6 141.0

AC 61.8 916 90.4 133.7

PS 99.3 134.9 87.9 1193

BF 63.0 94.0 85.7 127.7

Alien EC 98.8 1289 923 1205
AS 73.8 136.1 89.7 165.1

PD 98.1 162.7 945 156.6

0S 67.8 139.8 85.3 175.9

Crop oy 85.5 107.2 87.6 109.6
CL 82.7 147.0 929 166.3
Non-planting 64.8 62.7 81.9 78.3

@ Surface water

@Percolation water

Net purification amount of K(g m ™)
IS

V LJd T ‘LS T0 ) PH HD ZL/HAC
Aguatic plants
Fig. 5. Net purification amount of aquatic plants on K during whole growing period.

* Net purification amount of K during whole growing period (g m?) = purification amount of K by aquatic plants -
purification amount of K in non - planting pot.
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Table 10. Classification of aquatic plants by purification ability about nutrient Ca and Na during whole growing period

Net purification
amount of Ca

Net purification amount of Na (g m?)?

(g m?) 0~20

21~40 41 ~

Oenanthe javanica (1.6, 0.2)"

0 ~20 . . Persicaria thunbergii (2.2, 4.0) -
and so on, nine species
- Hydrocharis dubia o
21~40 (30, 17) Trapa japonica (3.3, 3.6)
Coix lachryma-jobi Pistia stratiotes (8.1, 4.4),
41~ var. mayuen (4.3, 0.6), Eichhornia crassipes (8.1, 5.9)
’ Aster subulatus Paspalum distichum var.
4.9, 0.1) indutum (4.1, 5.9)

a)( , ) : Net purification amount of Ca and Na during whole growing period, respectively
®Net purification amount (g m?) = purification amount of water quality by aquatic plants - purification

amount of water quality of non-planting pot.

260 —— 100
o | @PAW
g !
200 |
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Beo .
g | &
w® S
Q : | o
= i P
S50 - [ 120 ©
E— p
© § . 7
o B M —o—0
TO PS £C PD cL Non-
planting

Aquatic plants

S04 purification amount(mg m 2 day™")
S04 purification efficiency(%)

PC PT T TO PS BF PD CcL Nor+
planting

Aquatic plants

Fig. 6. The purification effect of aquatic plants on Cl and SOs.
" PAW : Purification amount of water quality per day, WPE : Water purification efficiency.
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Fig. 8. Ca and Na properties of media
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