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stod Ql, A&p st Rl Sxte] AEF] W Ql, A& AALEE dFd £ EaldSols A
3t Ql, A& AAEE ARAUCh RS 22U 9, J&FFE g5 Q, ALEr5ol vt
e 747 0.22~1.02%, 1.4~4.1%2] M E B o), Wi Ql, Aa¥ 57 27 1.0mgPA o] 4, 3.0
mgN/l o] Fell M= 22 0.8%, 3.56%2 Ao YAT &g uich ol Ste] $2¥FE 9, 4 %
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E oA I o4 HEF AL AAgol F43] ol M52 A =7 % 1.2mgPA7%
AE 48 27 ot vl AALE vEA oz FUlsg oy I o4 SEAE & o] g
°] o 500 mgP/m¥day?] A& BIch A4 AAEE Fa&FE 3.2mgNI7AL wiFse] A&
=7 224 E vHH LR ol AT 1 o] FEANAE vlste] 9 2,500 mgN/m¥daye] A1~
e B3tk EA4 &4 71, 49 s5E 247 22~79mgP/l, 82~ 121 mgN/1e] W& Y
on AFE ol & At e Ao AFE A& 5 Ui EAHS Ql, Ak AALE 104
4G wgrollA 7R A el 742 211 mgP/m?%day, 2.3 gN/m?%daye] H@&-8& vy} &

2.2 5ulf, 209, 260 9) o2 343 sl dzol A AALol k)

N B

S SR A F2 £7]1298A (BOD)S A
g T A agor RI|fdFY AANE 2
2 £ 5 vk weby Rodorske) delEAal 9,
A 5 AdSAF AZE A8 3FH Aubge] o
£33 A dubdog e wlgo] Lo, w3}
T8 fEE ISt of sl 5o AAH, 71
FAe] et oo dgshe Wy stz ey A
BEo AAH el o] 73 AAA 3 whye] o
FHAS AAdA 3 PP A 2A) AH Av)E=
Wl FANEE o] 43 wh o] slen, £4ES
o] g3t Whol: AF A, A A 283 B
4 PRAEE ol &3t A3} A 2H (floating
aquatic macrophyte based treatment system)® 2 i}&
4> 8]t} (George & Burton 1991). 9% &A=} A4 &
Ay e 2AHRs AE ABE AAAE ABTIE
Sl FEe ubgelx gt X9 grsl 9xH

[«

Ao olelgol AUk wR g AEE WA
= 34 $A4BUSE WA G Aow nyd
¢} 2]t} (Reddy & DeBusk 1987).

7137} &8t AQof| = AA 3d S4Bz odF
A B8 (Eichhornia crassipes (Mart.) Solms)3 7|
T84} (Lemnaceae), Salviniaceae® F2 4370
o] 43}l v} (Boyd 1970; Dinges 1979; Duffer 1982;
DeBusk et al. 1981; Hauser 1984; Reddy et al. 1985).
DeBusk 5-(1983)2 South Florida 2|4}o] #H|4:8Fe] 314
ton/dayl ||l A Bl o) 43k Joky
# AAEEE AET A7 A= 70~80%, 2 40~
50%2] A EEE Be] 3150 Aol qle] 7zt 600
mgN/m?3} 200 mgP/m? =7} A|AHE Aoz B1s)
9t} Polprasert 5(1992)2 23 L7 o] 43 =il
FAe] A F42 2HA g AT
TF, bacteriophage®] M 247} 24zt 1/3 of8}2 7} AE)o
AT AA ol aFA= e Aoz eyt
2 ks 7|37} B|5d BPME pAlo] e B
el RelaE wiggozn a4 B 25
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A} 4E4 asE A, pH ZtA, A1 EEHaES J3
A8 g FxFe bloome] ¢leiAE S| Wt Q)
= Aoz ¥ E¢HOtsuki 1984). ZW oA = 19901
HRE £AAAES o] 43 A uhyel 22 e
7HA A R em, 53] R &AL o] 43 A3t 218
Hol3(e] 1993; A 1994), #8714 (1992)= B35
o] eg3tAS, el R SFE wdkste A9}
Qle] z+zt 1,717 kgN/ha/yrs} 317 kgP/ha/yr A A o=
BE 3l RHHYSFE o] 83 £AEY shsAe] Al
A= 9iet.

RS Fopulelgte] A AEA7E YAakA el o
QA BAE2 g, ofd A el A A&3EA R 20
bkl $vietlls FU=e] H=rt G diE Ay
oA AdA Ay &) 7lssA FHHoh 2y o REe
A A A {2 23 7] &e] ¥ Al7leRt
ARSI} R RS wokste A4 A el
o] 83l glot. &3S o]83 X A|HS HA
7] faMe RSty Gy Hd S
A <l, AAFFE dolof AAEY oASEe] 7153t
o, B ko] A gk AASHE vk o
*R FE, 71, AN Sl o Wilzz o] exl
o} ofsfo] AP oz Frixejolrl Frh B AFolA
T RS o] 83 ] A AAC g8d 4

g 7laAnE A1A <, Aassd] BE 9, As
AARE dEsdon, =8 Essel s 445t A
Ase AEasd

Mz oy
L AZRIANAe] F%E AAE

3 Ay zed whE R S3e <, Ah Y 83
= W3 2APE] A3 JFuiAIE o] 838l wid
vl oF (semicontinuous culture)S 3}dt}. uled Ll oo
AL EHA | 032m?2olZ $4e] 30emd U F
g~el 27]d] REM Hl k4 (Veerkamp et al. 1980) 50
HHE Y3 R3S wiekslsdnh & wixlelA s}
ALex9re ZH2F 9944 (0, 0.06, 0.12, 0.24, 0.31, 0.62,
1.24, 3.10, 6.20 mgP/)¢} 6%4A4) (0.7, 1.6, 3.2, 6.5, 12.4,
20.1 mgN/MZ. A3t wiofpz AHSsH. AasE
o] #% 6.5mgN171x& REM w[Y)& 3431
12.4mgNNe] 75 gRYetddante Hrlsigen
20.1 mgN/1E= AAMIAARES 78t vl okl o] 4
g 23 FAE 4 $xeb 1.0+£02kgeg W3
19939 6 1292 74 259U7}R] AA AT

ek A= FAHA Addstne AE SAdelA

]

Lo ot

Table 1. Nutrients composition in the modified REM me- :
dium for water hyacinth culture (Veerkamp et

al. 1980)
Chemicals Elements (mg/1)
1. Ca(NO3)2 . 4H20 P 1 6.2
2. I(NO:; NOa—N . 201
3. MgSO4 NH3—N :12.4
4. NH,Cl Ca :27.7
6. FeNaEDTA K :72.2
7. MnCl; 4H:0 S :688
8. H;BO; Mn : 0.50
9. Na;:MoO, 2H.0O Mo :0.06
10. ZnCl; Zn :0.05
11. CuCl; 2H20 Cu :0.02
12. KzHPO4 Fe :4.60
13. Solid extract (5%) B :060

ol en, Wifre BT o Lo WHE Fo
71 818 3heEat A2eM WANAR MEsE o8
stdek. 2] wWikee Y AF wAstgem wk
& Vel +% 38 Ao 23] $5%
5% T ALHeIM BE AAR Foll FAE A
Ao 27|8EFE FATIL FAY I AANA
CFAE e A2FTF 105°CAlA 3417 A
F AL solen, =AW 9, A FFE ¥MT
7bA] EA A lE ellA B#AS At =3 RS
Ao gt $AF A A3 " d REM Wi kg
T F R &3te) #AE SAA dEFe] 10
kg/m? o] AREE JFH o ATHA g=F FA2
F42 mBsle] Fgor, 69 25UKRE 4027} wio)
& A

2. EAASAAY 93D AAE

FAE3E o] 43 EAPISS Aag AP A
A el A% o 7005 AEE ARl FEA
A 270976 ~9%) A B e EAR AL
b FFE o3 ¥ dAsE ez Az, I,
AdzE A P2 &S] <, AoEES Table
20 AA B 2 AP Al dbd gk S
Aot Aeide] AF 7Y 1597 84 3U7HA Al
Agsiet. Fal e} i gdezs Aol F 9 golvt 4
7t 20,05, 04mo[om FHS3to] st T AH
T 4 U=F 4, okl2 £28HA s W]
o HA&RE F T5kgd WA FEue] vl
AFAZE 57405l #71dgdF £HE A=e
ezl Fdsk FERAA AeE o H4T

AgE AdAz ulsle] GF/C filterz o3} 3 A&
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Table 2. Ranges of nutrient concentrations of the swinery
wastewater during the study period (August to
September 1993). TP: Total phosphorus, DIP:
Dissolved inorganic phosphorus, TN: Total ni-

trogen
Item Concentration (mg/1)
TP 47~102
DIP 22~79
TN 97~213
NH;-N 30~63
NOs-N 48~75

100mlel] 34k 20N 0.1mlE H7}she] ojoFede) BA e
¥ A7 nasholeh dASHFE APNAE o] 47
P FUT Wios st AskeE olgdt
W58 244 2,510,202 HAYste] Ral S W
oich 29 S22 47 15ked ¥ 290}
o vl mAlE Folem, ol 4ARE AAE
243 2719 AR Pl AAss F1AFAF
FHE A ARE W AlS 27 AFRE 8UTF W

S A Al ARl
30538 $4 £4 ¥ AR2A

Npel 29 FEE
38 3 ascorbic acid o2, A4 ¥ %L persulfate
digestion®] 22 X33 % cadmium reduction®] &=
225t 7722 ascorbic acidj oz EAstm
A A AE cadmium reductionq, Y E U ofAA A
Phenate®] & Al4-3lgon] EXM7|= 2% autoanalyzer
£ olgshaleh Ya e 2N g BHE Az
% Az HANLE T BT F A
Hoz R & Ul A3 ZFe ugon
93.1;} A4z A2 Kjeldahl (titmetric method).o

A5kt =5 $2EA L Standard MethodsS
°l%6}aiv}(AHPA 1989). 7= FAR 9 dAl=n
Nee A0 Amg o4k

7139 xel o A Q, Aagg) uhxs} 44
(Ks)Zts F-3l= upde ®m 2] o2 (Monod’s theory)
£ o] 43}9l 2™ (Rhodes & Fletcher 1966), A AF-S
Sigma-plot (Jandel Scientific)2] non-linear regression
£ o] &3} AAslg ol 2 Se] AATHE Odum
o) AN ATR o= (sigmoidyF & ol §ote] Hol
Eg3 AAEE AArs e (Odum 1983). xgzb—ALJr
HEgk] ol AL FH-2 TFE Sigma-plote] non-—
linear regressionS ©|-£-3}% o}

persulfate digestiontj .2 2

A !

al
=4

O-?L'

z2 7

2 dFE 8% 6dRE 997X FHAGY o4FY
T =9 YAFE Fig 1o AAsAH Hd 7]
21.4°C2 YePg, 64 F43E sYWAE SRy
20°C o] Ab& fAIBtg oy 99 FERE AT olx
o} dAlEke] i, Y 2 FHale 47 158,285, 3.0
MJ/m¥daye]| i, &2 F-5-2 7b¢el wel & HE
<+ Byo.

e S3 240 <l R wiFe] <l s o
2 2 WE(0.22~1.02%)2 B} d&ske] of 3kg/
m2o A wjeF4e] Q) %7} ok LOmgP/ o|del A 24
o] ol 3eko] #AE] P}yl 22 ol ke
) 0.9%= el vtE3ANE(Kp)2] ¢l 22 0.2
mgP/12. AAE 9} (Fig. 2). B 2= A AeFR] &9k
ARk wekpe] Q1 FErt e A Rejel 2 (3
olgle) Rye) o e wixstdont o vEit ¥
£ 74$-(0.62mgP/1 o] el = E7|REo] Reuc
20~30% A vebdet s g ke Aa
5o wel 14~4.1%2 HYE Hgon Asew
3.1mgN/l o}zl Al #A38] zhA3t]ch (Fig. 3). L oA
9] non-linear regression ZAMA] A Awke Hr)E
20.1mgNAe) zke A glstm Axbstsich AAg R
< A7k E A4 AT 3.1%2 B e B
Aot s3] A AL xslee] a5
=t 27 41%sh L12mgN1z vhebyeh 3 $3ke)
SRS g <l A Fx7) BolAdLESE Fo}
Ae Aoz Jepdt (Fig. 4. 18y 2705 =7} oF
0.5mgP/l o)A}, E7)A A% 57}t ¢ 4 mgN/ o] Abel| A=
A2l dAst B FEFFE 47 92.6%9) 92.0%2
vebgtet. AAd A 20 2718 20.1 mgNA o)AM= g
FueldAar H7kd A$ue G ¥ e B
A=t

Fig. 5% ubed gl oFol| A wlj of A Zhel] whE B8t

S SHAF 199 34T S Yepd Ao
E}. woFx7]9] dAZEeF 0.86 kg/m2olA] 409 Zo 22
kgm:z 2718 Qe Hd W2FL 504F 25
kg/m?2 A AE A 8} Foll S48 e FE:Fo] o
15kg/m? W72 #EZFe] Z/EFF S8 Ao
2 veh} 3156 Hd 0.9kg7hA] F7)sHe Aoz
bt 2 fEFe] 18kg/m? o] el FA]EFo)
FA3 raste Aoz vehgoh 876 05kg ol4
F7hee dEF2 oF 7T~20kg/m?2] HHAE B} )
52l Ay =e FHSFe] AEFEH wE F7)q A
7] ZE & Fig. 6ol AA)slgic) B ZA= w4
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Fig. 1. Average ambient air temperature and solar radia-
tion during the study period.
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Fig. 2. Changes in phosphorus content of water hyacinth
with the dissolved inorganic phosphorus (DIP)
concentration of culture medium. Vertical lines
represent standard deviations.

Bagate) AW gsks AEH
o] &-3}e] AAMGE Ao|ct Hujo AL
Hol &k of 15kg/m22 Vet ow, 2lo] A
£& wfeFy JeEr ¥545 WEFY S
A B Aoz el AAEL AEF] 4 16
kg/m?7}x] dEgFo] ¥ &4E B AAES HolA|%t
I oA d&FgME FHI) oAl Aoz e
Yo} w3 Q) 57} 1.24mgP1 A= Q19 7} ¥
opilel] wizl AAEE wlHAes Zr)Elg ot 1 o]
A8 =xolME & HolE: B 5 g Aasxd
w2 AL AAEE Ao uE g AAEH v]sT
7%-e BTk (Fig. 7). wiFs,d] AL¥=E 3.2mgN1 7}

A .
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Fig. 3. Changes in nitrogen content of water hyacinth
with the dissolved inorganic nitrigen (DIN) con-
centration of culture medium. Vertical lines repre-
sent standard deviations. The non-linear regra-
tion was represented all data but 20.1 mgN/l.
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Fig. 4. Changes in water content of water hyacinth with

the concentrations of inorganic phosphorus (DIP)
and nitrogen (DIN).

AE AALE vz Folzovt 1 oY =
AME & HolF B & ook AL AAEL IEF
15kg/m?, AA% % 3.2mgN/ o]l ¢ 2.5 gN/m¥
day Al A== Aoz velyit

EAL w40 7709, A =y A7 22~79
mgP/l, 82~121mgNN2] S o F7|=-A/Q] FA
HlE 1.4~2.13 JePge(Table 2). EAF wlE459] 4,
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Fig. 5. Changes in standing crop (@) and biomass yield
(0) of water hyacinth during the culture period in
outdoor cultivation using REM medium.
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Fig. 6. Potential phosphorus removal rate by water hya-
cinth with the DIP concentrations of culture me-
dium. Each line was calculated using the growth
rate in the non-linear phase of the biomass yield
curve and average tissue P contents.

Arysr A MEIANE gdokod 2 Aole
Adeh 53 Fridas e A9 g3l AAA
A} grvold ALl Hlg ¥E2 WiEEE e
2 vehdth B4 ilE4e] A9 o) g3t Aok
Afe M= R &ake] Byt Hu mAlste] of g e
AAEIANE Ay d& 4 gdch(data A AR &gt
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Fig. 7. Potential nitrogen removal rate by water hyacinth
with the DIN concentrations of culture medium.
Each line was calculated using the growth rate in
the non-linear phase of the biomass yield curve
and average tissue N contents.
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Fig. 8. Changes in removal rates of DIP and DIN with
the dilution rates of swinery wastewater. Vertical
lines represent standard deviations.
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& 29387 zgatd 7)) 10°C o]ar} H Aol
W3 0°CollM & FA Fh (Dinges 1982). £ A7-8 4
28 6~99¢] FF 7] 21.4°C2 veh} 253
o] Ao ex9) ML AL Aow AnFHA|L, A}
A o] E3g Sejbetel s Sxol whE Haf2ate]

A3} oo F4 Fol WA WA 9l

A E
A A4t dE Bo] AdE FAAYY] A 1d = A

z

al

[=}]

&
1 674 7ke] HF 7)e] 10°C 0|3tz FHA 15°C o]
A2 fA s oF ofkde] AARAE A& F U Ao
2 Aladd. dAFE B S3e] ARl Fa3 37
24 ¢ shiz Abadch dx= AH (19924 12
9~1993d 2%)el] 20°Ce] 2AeA HH-Lakg ik
staled AR Rshs A& ARYTF (A 1994). of
W2 dAlFe HF 6.5 MI/m¥daye]| et w3k Al
2] 70~130E/m¥sec B4 F27A HH2ze] A
Z%o] 5kgm2dn] AHEE 110~120 g/m¥day S B
Yo 24 doubling timeo] 29¥2 e AAlgS HY
ol 2 AT 7139l 69eA 997R]e HF A
15.8 MJ/m?daye]lgl ot 7|A4kz27del whel wideid &
zZte] & Mo 5MJ/m¥day o]3l2 P& Fo] 15U o]y
o} o] & R 8-zte] AAtel] YAlgko] A|FHAAH 2l
2 A4S AAEtER dAabgke] v A7) uiok
Alz"lell 118 & s Fo]ok & 7olh

Fdo] FAFE Holx FEFL o 15kgm22 3}
2o) ¢k 0.9kg7}A] &7+ 319} Debusk 5 (1981)3
Reddy®} Debusk (1984)% <doFd9] Agte] ¢l wief
oA Hd FAEE Hole HEHFL o 20kg/m?E B
73}l 3, =3 Sato$} Kondo(1981): & Egfo] 7~11
kg/m28] W ollA] o 0.7kg 75l A or B3}
2 A9 viest 23E d49oh 22}l Wooten F
(1971)3} Penfound (1956)%= 23] Y&Egfol|A] Az
oz 7}7t 29, 14.6 g/m¥dayZ=Alst= o2 B TFY
2 d3Ed AL FAES B oA v F
o3 o] Haxm 2 AFANME TR
sled HpoMur) ¥ ZAEE wel Hez Asd
o, A AAEL ke ¢, A o we &
Aolg Hyovt ot Fx oidME AALC] ¥R
3le] Qle] AL oF 500 mgP/m¥day, A4l AL 2500
mgN/m?/dayA| A== o=z velytl. Reddys)
DeBusk (1985)e]] ¢J&td o <l, A4 A A &L o Fol
z}z} 371 mgP/m¥day, 3,300 mgN/m2/day2 el 2}
AME 7]&o] ¥ g0 otdd AtellAe] AA
23} ¥)=3 AP AT 98 o USs Aoz AsdHg.

2}(1992)l &Jat A EA 9 Ai/ql 27H|E= W
¥ 4~58k 3y o), B Ao o]4E EAHS A

Had

A/ FAME 14~212 R&3re] Ak A4st
Agted iz gt o 50 71Es ) 1A o)
A o]g} o] vre z4/el FAM)|E 1.l (Polprasert
et al. 1992). T2y} 4t sPIM S AxMAIFE kg
< dEE dojmz, Hp A& Aoz X}
7] A Flgel AAaE Hrlsl R3S wiok
s E 28 e g8l T, =¥ Aa 3
€ 3 dxRe A BAE Re A F Azl
2 FRANES A sl A7 22 Ao
A e S o] 838 RS WM
i AAaAE A¥ A& & Ak dFhol ¢
< kel R Sake] AL Algedckdd w=r)
s AAEE AT Boolde 52 sRAME
235l8] AlA AME F4 v} (Reddy and DeBusk
1987). &2 JFF2 3= AR iz W=
AT 37 A Aoz Hol 3o £EAALY
5o whE ReREe] BA4e] ¢lojal Aoz Alwd
o}t o)A wiE F9e 47 A Ao Be}
TAERPD f71Eo] vtz AF3PEA 2alE Al
sz Algdg. wety =] {7 EHYYEFE T
W& TS g AR E de wikze] A ol #
wo) B4 sjebs wAa) el A % 5o
22 477} B,

Mg AP 2,510,200 HAs] Hel e
wepstolch. 200 BN wokm WelMe o, A AA

2 77} 42 mgP/m?¥day, 580 mgN/m?¥day o2 v}e}yt
oup ReS ) Relx A HwsAT AR A 2
s A delont o, Aavt AAR AL 23
sejelelel 213 Ssros Abmuch Mgl g ¥
2 2008 A9 Fwob AR el A5 gl Wola
d Aoz Ards o, a9 AAEE 104 AT
v okpell A Zhzh 211 mgP/m%day, 2,300 mgN/m%/day2)
AeEdE Be AAY Aavel FAu7E F 112
Eht $SAAE QAW A/l FARE n2s)] B
A0 AAEe] Qe vlsle] wA Jehd A4 A
AEL AFTMAZ o437 AA AAFH wxd 7S
ARt o)A wiFe] oAl "As wbgol
A& AR Aoz Atagdd a8y A9 AAEE o
FaRNA] A ARHF R 258 G elgA] bl
DeBusk 5(1983)2] 200 mgP/m?/day®} ¥]|4=3l ZAI}=
A} o] (1993) EAMSE 2v] SlAjsle] B &2
S vkt A7 91 HY 70 mgP/m¥day, A4 950
mgN/m?%day?] AJAE&E& By}l =3 Boyd (1970)=
322 kgP/ha/yre} 1,980 kgN/ha/yr, Reddy £} Tucker
(1983)%= 1,987 kgP/ha/yre} 7,887 kgN/ha/yre] A AES
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QA 19 AFAuIG AR g Ak Aolrh
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= ANEA, 5 5] B4, RS BEY, 54

weae] AFAZ Fol Bh2r] @Rl ol=fat o
2ol 974 2PN BHHE o4 23
4 A2e 5t 2 Aoz naoh AT A Adel
N 7z ez okl AAE A waST) W
8 AAsicdE B BAA ok AR o) o
ANEQ HASEL e tez $35o) Mol
o shAE Lxo} AAlgre) Wkl whel on Ax
24¢ A GUs) weA UA ok w9
& ¥ 5 AAAE PR NG e =
b 23 2ele] Rk weby A7le) 7|22} ol
Soj2l Fol Wopxe) EAH, ol AFAL R Rel g
A AEg 5o AAY} rbsslelel Aledt B3 7
3} Qappel e A7l olm AEE Aol Aehd
22 & a8 948 4 due As 48 E et

A=t

4o L3
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rat

3

Fat7] 42 (1992) 34 WA Y zEo TGz
et 3}317]4A]. pp. 41-71.
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o193 (1999) SN E R SE ol4T B4 Ao A
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Nutrient Removal Potential of Water Hyacinth Cultured in
Nutrient-enriched Water and Swinery Wastewater
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Abstract - Nutrients removal by water hyacinth, Eichhornia crassipes (Mart.) Solms from
nutrient enriched waters and swinery wastewater were evaluated. The contents of nitrogen
and phosphorus of dried water hyacinth increased from 1.4 to 3.3% and 0.21 to 0.80% when
‘water hyacinth available N and P in the culture medium were increased from 0.7 to 5.0 mgN/l
and 0.06 to 1.5 mgP/l, respectively. Maximum N and P contents were found to be 4.1 and
0.90%, respectively. The significant relationship was observed between the standing crop of
water hyacinth and the biomass yield per unit area and time. Biomass yield increased
gradually until standing crop reached 15 kg wet wt./m?2, and then rapidly decreased. The high
biomass yield of up to 0.5 kg/m?/day was obtained in the range of 7 to 20 kg/m? of standing crop.
The potential removal rates of N and P by the water hyacinth during summer were found to be
2,250 to 2,710 mgN/m?/day and 570 to 595 mgP/m?/day, respectively, when 15 kg/m? in standing
crop and nutrient concentrations of culture medium were ranged from 1.24 to 6.2 mgP/l and 3.2
to 32.5 mgN/], respectively. Inorganic N and P concentrations of swinery wastewater were in
the range of 82 to 121 mgN/l and 22 to 79 mgP/1, respectively. Nitrogen and P removal rates of
water hyacinth cultured in swinery wastewater were found to be in the ranges of 2,000 to 2,600
mgN/m?day and 157 to 254 mgP/m?/day, respectively, at 10 times diluted water of swinery
wastewater. [Nutrient removal, swinery wastewater, water hyacinth, water treatment] .



