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AQAEAE o] &3 ALHF A= 100993 Aol F
oA A1ZE 9 2(Cooper and Boon 1987), AALEAE
Tusle QAFFAE o83 Az e o dte
A2 F89 v s AFH3 Ao} (Gray 1989,
Reed 1990, Moshiri 1993). S AT ES e Q24
A Az=dE o3t 130 ppmel TS NH*-N 5
& 60 ppm °l3Z AZAA F Aty Basgd (F
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1991).

T3 AFHEE N, P 59 4998 3459 488
A& A F5 2H3uEAN FHALAEAL AP
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1989), HFo ¢RrYolA HA7F 247 ppm ¥ ©W 23
ol 94%, A= 78.5%, 28] FZ HEL 283%E AA
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2oy AURUE A4 F5I 9P| g2, FEL
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EolojA FPAF a0 FoH, B3] ZHd FAIA nA
Exte] FAAAE SR 32 oA N But ofjat P &
8% =032 34t} (Reddy and Debusk 1986, Gunten-
spergen and Kadlec 1989). 231} Ao F9%d AAE
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oz don ofg F7te] Aol Al £33 HE 49
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cmX36 cmx35 cm($PAE XoIRAE X Fo))Z ETHE 0.
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€7 e Eo] &A1) WS H7) Ae sRon, ArFS
19/ o]glth. 1/2X Hoagland Wjgdst 2Ads| o] 4L
o3 7t} (Table 1)
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g 23319 FEEFTEE Brist A3

Table 1. Irrigation water quality analysis of 1/2X Hoagind’s
solution and industrial wastewater used in this study

Irrigation water

Analysis 1/2X Hoag. Sol. Wastewater
pH 5.7 7.6
EC (dS/m) 1.0 3.0
NH,*—N (me/) 0.46 9.29
Ca¥*+ Mg** (me/l) 6.2 8.4
Nat (me/l) 0.4 5.2
NO;™ =N (me/l) 7.14 -0.14
Cl™ (mef)) 0.6 13.7
Sodium adsorption ratio (SAR) 0.23 2.5

g2 aHEA A28 ALE

Az o o

B A3 AHE A A7ARE(EC, eletrical
conductivity)¥ 3.0 dS/mo]3x. NH,*-N¢| F=+ 130 ppm
o], ol&E A H4E Bt Y AT T
ot AFAEL AujlEe o ZFAEY B FATLF
(ETc, evapotranspiration rate of crop)& Table 26 A|A|
st gAoz AuisHe oW Zhe] ETes 2.50 cm
Jday2A 7 47, ExFole ETce 1.32 cm/dayZ
74 skt EC/t B8 Az #3489 e o ¥
29| ETce 233 Z71et9Ag duisy Exdold] A+
e zbzt 30~40% 7+ AAEch 8 2843 WEA
o] /M4 & AEL RER BHEHYY, A Hfdle
#4236 gt ETcrt #AAHANE GE AT EY
ETcHt} =9t} AES Egkd(soil solution) v A7)+
o] A7NHAEE(ECW)7T Fo} T8 AFRol RolAA H
W FRESTL oA Aol TAsA HAL, Flsalt)e]
Alzke A8 S A7IHREEs 1.0 dS/m ool H
W 10% ol AARA7 YeERdt (Mass 1986). kA
B ¥ AH-E H4Y A7|HEEE 3.0 dS/mo]x, 4
Tghe —1.08 barrt HoE WdAe] AT FeaEolojof
ARRow FEE Festo ARNGE AT & Yot
Jutd oz Hds AV|AEESL 1.0 dS/m ojfolug 4
ARE AFYEY $A4Fd 248 gl &
sl

H4g gl oz ALY A FeAE] Ao
AFRAZLFS FH 2AEF) M S A4E 12X
Hoagland’s Y22 Aujdt 2Py, FHAEFS 1,190
gl0.1 m2o|glen, 7 &g &3 BECIT (Table 3).
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Table 2. Average evapotranspiration (ETc) rate of aquatic
plants grown in container for 5 months irrigated with 1/2X
Hoagland’s solution or industrial wastewater

ETc (cm/day)

Plant 1/2X Hoag. Wastewater B/A
Sol. (A) (B)

Typha orientalis 1.45£0.23  1.60+0.17 1.10

Zizania latifolia 1.40+0.13  1.50+0.13 1.07

Phragmites communis  2.50+0.11  1.76+0.19 0.70

Scirpus nipponicus 1.3240.08 0.82+0.04 0.61
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Table 3. Dry weight of aquatic plants grown with 1/2X
Hoagland’s solution or industrial wastewater in container for 5
months

Irrigation Dry weight (g/0.1 m?) B/A of
waler Shoot Root Total total dry wt.

Typha  1/2X Hoag (A) 21112 140£11 351 210
orientalis  Wastewater (B) 365+19 373+18 738
Zizania 1/2X Hoag. (A) 376427 445+25 821 1.08
latifolia Wastewater (B) 36415 519424 883
Phragmites  1/2X Hoag. (A) 787+£35 40317 1190 0.86
communis  Wastewater (B) 631+28 395426 1026
Scirpus 1/2X Hoag. (A) 224+14 204+15 428 0.29
nipponicus  Wastewater (B)  84%1i1 3910 123

Plant

Table 4. Total nitrogen concentration in tissues of aquatic
plants grown with 1/2X Hoagland’s solution or industrial
wastewater in container for 5 months

Irrigation T-N concentration (%)

Plant

water Shoots Roots

1/2X Hoag. Sol. 2.05+0.12 2.28+0.14
Wastewater 1.2440.08 1.18+0.09
1/2X Hoag. Sol. 3.05+0.13 2.75+0.14
Wastewater 2.82+0.08 3.61+0.06
Phragmites communis 1/2X Hoag. Sol. 2.48+0.11 2.18+0.09
Wastewater 3.07£0.05 2.36+0.11
1/2X Hoag. Sol. 1.79+0.10 1.98+0.08
Wastewater 2.07+0.13 1.03+0.09

Typha orientalis

Zizania latifolia

Scirpus nipponicus
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Surrency(1993)= NH,*-N %7} 160 ppm ©}d=H+=
2458 ATEAE Fotd AT | Y AR A
FHELE RE, &, Exdo|, ZelxYoluze] Fo|y
NH/#-Noll WjAdo] B3] 73 A& Zel¥yolso]
(Scirpus californicus)S} —EL_T’_agol(Scirpus validus)2t3. &
Z4th R34 29 =2 Hgksd U A= 2 @
Tz dX 8oy 7"%3014 BEEe &8 Polx Fol
S o} Aol A2E Yl o ARED.

Mooz ANE RraEe 9, B2, Wl ZAA
o] Ah FEE 29 AR A5 £7171 3.05%2A 7}
& w3, Bigot L19%E 7}1} gttt (Table 4).
Asiel AL N& 1 Bol FAske ArABE
Z01%, 7HF AA 3= B ExYo|dn}.
IFE NHS-N &5¢ H5E Bdte] Austde 43+
o Zule AR =& F9 A9 2 N F
=7} aA Fvrstden, £59 ZAfole ETcdt 1A€A
Aol wkgale gd 238 ZAdn. 1EER e
9] 4ol Ah AAHE FTHER AYT FAHEL
N £33 80| & &3 Zu¥s ¢ F Ak

ZH“HﬂZl B AAE /P Bl F5 AAe BT

%7‘1% Aol B 2FAY £HE A4 =
7} & 3 Zddiolgit} (Table 5). 9 7% HIFdr
Al SR AEiZIZ B9 29.0 g N/O.1 m2E F4EH L,
A% 28.69 g N/O.1 m2& E438lch REL 892 g N
0.1 m?> F43te Folu} ZuRch Rk, Eidole
14 g N/Ol m22X FEA A F3] ARG, B

Yol Suolg= g AENAFO] §A %2 57-"5‘5
NH/*-Nel] o] st FANELE & ¢ AU F
9 FAh FFAAEe] ¥ AL FHEHe da ‘*Eﬂﬂ
NH/-NY ¢ AU N 23527}t ‘%71 HEOE A}
B¥c}. Gersberg 5(1986)3 Surrency(1993)E HEo]
NO;"-N F4E€L =01 NH4-N 571 52 FAA

F5AARel FohT gt

B AY AAE S HA FAAss s FF

Table 5. Removal nitrogen amounts by aquatic plants for 5
months with irrigation of 1/2X Hoagland’s solution or industrial
wastewater

o N removed
Plant Irrigation (g- 0.1 m2-5 month™)

water

Shoot Root Total

Typha 1/2X Hoag. Sol. 433 3.19 7.52
orientalis Wastewater 4.52 440 8.92
Zizania 1/2X Hoag. Sol.  11.47 12.24 23.71
latifolia  Wastewater 10.26 18.74 29.00
Phragmites 1/2X Hoag. Sol. 19.52 8.79 28.31
communis Wastewater 19.37 9.32 28.69
Scirpus 1/2X Hoag. Sol. 4.01 4.04 8.05

nipponicus Wastewater 1.74 0.40 2.14
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Salt and NH . -N Tolerance of Emergent Plants
for Constructed Wetlands

Lee, Choong-I1 and Young-Se Kwak
Environmental Conservation Research Team,
Pohang Research Institute of Industrial Science and Technology

ABSTRACT: Tolerances of aquatic plants (emergent plants) of cattail (Typha orientalis), water
oats (Zizania latifolia), reed (Phragmites communis), and bulrush (Scirpus nipponicus) to salts and
high NH,*-N conc. of industrial wastewater were evaluated. Evapotranspiration of cattail and
water oats plants was not affected when the wastewater containing 130 ppm NH,™-N with electri-
cal conductivity of 3.0 dS/m was supplied for 5 months. Shoot and root dry wt. of cattail and
water oats were rather increased by irrigation of the wastewater while the biomass production of
bulrush was greatly reduced. Storage nitrogen concentration in tissues of water oats and reed
plants were higher than those in cattail and bulrush. Thus, water oats and reed plants were found
to be the better aquatic plants to use in constructed wetlands for treating industrial wastewater of
high salt and NH,*-N.

Key words: Biomass, Constructed wetlands, Emergent plants, Irrigation, Wastewater
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