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242 PP.

CONSTRUCTED WETLAND/ AZO DYE/ TEXTILE WASTEWATER

Textile effluents represent severe environmental problems as they contain a
variety of dyes and associated chemicals. Hence, there is a need to find an alternative
treatment method, which is efficient, simple to use, inexpensive and environmentally
friendly. Constructed wetland (CW) is an example of such system that is also simple
to use, environmentally friendly, with low construction and operational cost, and
efficient enough to treat textile wastewater. The objective of the present study is to
combine the Free Water Surface (FWS) and Subsurface Flow (SF) constructed
wetlands in order to treat azo dyes and organic matter from synthetic textile effluent
of activated sludge system (AS). Finding the optimum organic and azo dye loading
rate is suitable for treating synthetic textile effluent of AS by CW. Three parallel
laboratory-scale combined CWs were prepared to treat with three varieties of
organic and azo dye loading rate of synthetic textile effluent. One laboratory-scale
combined CW contained 4 reactors: FWS-SF (P) with plant (Phragmites australis),
FWS-SF (C) without plant, SF-FWS (P) with plant and SF-FWS (C) without plant.
Their removal efficiency was examined. The result indicated the applicability of the
SF-FWS (P) to the treatment of azo dye and TP containing synthetic wastewater. The
removals of azo dye, COD, TKN, NH, and TP were in the range of 95.22-98.58%,
79.16-90.76%, 72.30-81.69%, 68.62-79.56% and 88.48-92.53%. In addition, the
FWS-SF (P) was applicable to the treatment of COD TKN and NH, containing

synthetic wastewater. The removals of azo dye, COD, TKN, NH4 and TP were



in the range of 90.50-97.06%, 87.04-98.04%, 82.66-84.14%, 73.17-82.48% and
86.14-89.93%. Moreover, the optimum organic loading rate for treating azo dye from
textile effluent was 386.82-477.38 kg.COD/(ha.d). This result showed that SF-FWS

could be used to treat azo dye from the textile effluent of AS.
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22 anwoaiindaanlssnunendon
Y] A %’ a = a 9 Y
anvazauiAvesiudeFannszuIumskanvosgaamnssurondon 1atinis
FIVTINDINMIANBIINEAN 9 Aanaadluasned 2.1 wonimiiereglusie 5-13 afsuim
a A = = ' ' A a o 1A ' = a A o
arsounsdlugivesdlen ogluyia 1,100-13,500 Naaniuaeans AfSuaa1sdounsd
TugdvesliTed oglurie 10-5,200 Haaniuavdns uazANUTNTUYDITOEGIUTIN 153-4,750
< Y1 o 3 o Y Y Y a ad
ADMI vziuldndnsuzindeningaavnssuendoulinnuiduduvesarsounsd nay
1 A A a A 9 S a @ A 1
Mg tHeaunlunszuIumMInaalinms lgasnlvainnateyiia aquaalugln 2.2 wu

X g ¥ o o A 1 a
hl'LlﬂﬁgﬁJ'Juﬂ"Iiﬁ@ﬂll‘i’j\i %QLﬂuﬂTﬁLﬂ]LLﬂqgﬂﬂQWﬂlﬁ@P?II"I !Lagﬂ’]ﬁﬂ]ﬁ]ﬂﬁ\iﬁﬂﬂiﬂﬂ@iﬁllﬂﬂ

3 o

A Aa a =4 9 2 I v A Y a
WndeniianSuaarsounidge vaznszuiumsdensguilunszuiumsnanine Idinatude
Ao (a Yy a A Yy Y ¥ ~ < Ay
NS veanududuvesdge iosninlunisdendiu idulesziinisgaduddon
1 1 g’l o =Y H % - 90’
Meauaauniy mldidsnaddondosas 4-12 voeddoun 1y Yuileousanindulinge
(Coughlin, Kinkle, and Bishop, 2002; Scheeren, Paniz, and Martins, 2002) 4823100 IEUIUNT
= 1 =

v 099y A Aa A A AAg W
V‘I@ﬂslﬂ'] Llagﬂ'lfl'iﬁ_lllu'ﬂ"lcl‘ﬂunllﬁﬂcﬂ!ﬂﬂ"Uullﬂ’]WL'E)Glqu Lu'f]\ﬁ]’lﬂﬁ’lilﬂuﬂgl“]f(llzlﬂjg‘ﬂﬂuﬂ’lfl'

Wonu iy lalasnuiloseonlud (1,0,) naz Taen v (NaoH) fludu

{ K = a
A1519% 2.1 aNEUSYBIUUTININNTZVIUNMTHEA

. COD BOD TS TDS Color msldai
UYUADU pH Y
(g (g/) (g/n (g (ADMI) (/kg #)
aonuila 4.6-5.9 1.7-5.2 | 16.0-32.0 - - - 3-9
faaasanisn 8.0 01429 _ |-7.6-17.4 A 10-13 694 26-43
Weonvn 6.7-13.5 | 0.1-1.7 | 2.3-144 | 4.8-19.5 | 8.5-9.6 153 3-124
AU 1.6 0.05-0.1 | 0.6-1.9 43-4.6 5.5-9.5 - 232-308
msdow 1.1-4.6 | 0.01-1.8 | 0.5-14.1 0.05 5-10 1450-4750 8-300

nuIne : Correia, Stephenson, and Judd, 1994; Orhon, Babuna, and Insel, 2001; Mattioli et al.,

2002; Bisschops and Spanjers, 2003; Dos Santos, Bisschops, and Cervantes, 2006a
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softeners, waxes, acetate

Constituents Process
Yarn waste, unused starch- .
Sizing
based sizes
\4
Enzymes, starch, Desizi
< esizing
waxes, ammonia
v
Disinfectants and )
< Scouring
insecticides residues,
NaOH, surfactants,
soaps
\4
H,0,, AOX, NaOCl, < Bleaching
organics
Y
P
NaOH <— Mercerisation
h
. \ 4
Color, metals, sulphide, 7
salts, acidity/alkalinity, <: Dyeing
N
formaldehyde
\4
-
Urea, solvents, : Printing
color, metals L
Chlorinated compounds, - v
resins, spent solvents, <——] Finishing
g

Wastewater characteristics

———> High BOD, medium COD

BOD (34-50% of total), high

COD, temp. (70-80°C)

Oily fats, BOD (30% of total),
high pH, temp. (70-80°C), dark

color

High pH, TDS

High BOD, High pH, suspended

solids

High toxicity, BOD (6% of total),

high dissolved solids, high pH

High toxicity, high COD, high
dissolved solids, high pH, strong

color

Low alkalinity, low BOD, high

toxicity

€an

4
v o

and Sonibare, 2004; Joseph, 2007; Paul, 2008; Charoeniarp and Choyphan, 2009)

U 2.2 dnvazindelunaazgaiuiaannszuaumsendon (SEAM Project, 1999; Yusuff
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A = g’/ dy = L o dy A %’ a o 9
L‘Ll'f)\‘linﬂaluﬂ"liﬁﬂ]sﬂﬂﬁﬂu M?ﬂf‘]ﬂﬁg’G’NﬂcluﬂTiuWﬁ%UUWﬂVI%NHWﬂﬁ%ﬂB@; 3J16l“]5
1 o o o Y R 19 ¥ =2 Yo
i'J'JJﬂ‘UiZ‘U‘U’U'lﬂﬂﬁaﬂ‘llﬂﬂjﬁ\ixﬂuwﬂﬂﬂ'ﬂﬂG]fo')uiﬁﬂ]jhﬁ%ﬂﬂ!ﬂlﬂﬁ fﬂ\‘lvlﬂﬂTﬂTiﬁ'J‘Ui'nJ
1 { U % v 301 Qy U 1 o % %
NTHIYA N 9 L?‘lﬂ')ﬂ‘ﬂaﬂ‘hlﬂ!%ﬁll‘]J@]‘lJ@QuTVNTTﬁﬁWTuﬂﬁg'U'Juﬂ'lﬁ‘]JTUﬂL@Lﬂﬁ ﬂﬂllﬁﬂﬂiuﬂTiN

d' 1T AT A ' 1 U = a A = 2 ] 1
1 2.2 nunumiesegluyie 7.5-8.1 mfsuamssunidlugilvesslon odluaig 106-488

a U

Aa Aa o 1 = a A ~ = ] 1 a a o 1A
UAANTUNDANT ﬂT]JSNWmﬁﬁE’JUTI'iEJGlug‘]J‘MN‘}JT@ﬂ aq”luﬁma 13.8-48 UAANTUADANT LIDY

=

] ] 3 1 a
anuduTuvesdaglugag 127-229 Pt Co vztiin IdniSmmeanssunidlugivedlon 11od

b4
Y

A a 1 3 2 o ]
VDIHTNUUGUNUANIATIIUHINGATINNTTY LLﬁSﬂQﬁ%ﬁﬁﬂLﬁﬁ@@Qﬂ%ﬂ?ﬂwﬂﬂ

. a %1 Qy 3 1 o Y
A15190 2.2 aNHUSTANUAVDIU TN ANNIUTE DUV UALDLD T

- Gozalvez-Zafrilla Bes-Pia et al.,
WITTNUNDT Nasiman, 1996 | Amar et al., 2009
etal., 2008 2009
pH 7.8 7.6-8.1 7.8 7.5-8.0
1Tof (mg/l) 48 13.8-40 45 -
%1of (mg/l) 488 106-175 150 200-250
ddou (Pt Co) - 127-229 - -

o v
2.3 Nﬁﬂi%ﬂﬂﬂli’)ﬁ%1!ﬁﬂ%1ﬂi§ﬂﬁ1ﬂﬂﬂﬂf.lﬂil

231  NansENUAedInaeN

[ g ~ 9 A < [ = a A J
nanyazussndeendounininnwilunsa-a1e Usuaa1sounse uas
9 1 Y

ANt uvesdge vinduidon lilgasnaadonriliinanansznuniniense uazn1edou
1 1 Y] 1 ] [ v ?,’
Tagnaniznun19aTe @208150 Tyninsmuniation1n MIdosH LYo LaIaIgunadii

a dsl 90’ < 9 [ 9 ] I~ Y
anad uaztnatymnsdudleuvesiinuiaia uau arunansznunieoon 15y \1uduasie

1 A AAaa ¥y a rd a o ' Y a A @ @
apdauyIn i tadsingnisaig Inslindu tazne lHinan N EMANUENITN AAAd
~ A A dy [ 1 ¥ Aa Y Aa 1w A ' 9 < I
Tugidn 2.3 welimstudleuasguuaniisssuma ne lvimaanuisunsaaegwumy (il

' so’ . = %
MIMANANINNYD K EIH (Pearce, Lloyd, and Guthrie, 2003) UonNHFToNTAVI

J ] v 3 o 1 [ 4 .

mydesruvaanasluaain mldns liaunsedunsizviuaald (Georgiou et al, 2003;
. . [ Y a A v 3 ' YA
Merzouk, Madani, and Sekki, 2010) M lvSuaeenmounazarsluuvaaiirlanas aewalviny

Q' === 1 U Bol 1] o aa ] 9 a
naz@aliziane q luunasi ldamnsodssdineg e (Banat et al, 1996) uaze19nanIs

& Y I 4 1 a
Jutloulurhldawiiosnintimsduriuaslylufy (Namasivayam  and  Sumithra, 2005;
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o ] 4 1 %} g’; a
Khaled et al., 2009) uazyin i lawsaldlseTemionuraainiuld (auaudanssy

Funadeuunalszmealneg, 2544)

Textile wastewater discharge to

L the environment

A 4 v
[ Indirect effects ]‘L > [ Direct effects ]
N\ N
Killing of aquatic life Aesthetic problems
such as fishes, plants, (Change of color)
J

mammals etc.

/

N

Poor sunlight penetration in

A

Eutrophication the receiving water, damage

i

flora, fauna of the ecosystem

J

Colored allergen
.. Ground water pollution due
accelerates genotoxicity

. . to leaching of contaminant
and microtoxicity

through soil

Suppression of immune

system of human

I

} DO depletion of receiving water

~ 3 o Y Ao A Y
ETJV] 2.3 #ansENUIBIU T INNTEUIUMTHondountaodaInaou

(Verma, Dash, and Bhunia, 2012)
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232 HANSTNUADGUMNUDINYME
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adounldnuegm lindluasisznoudedounigasdudou uazdiuun
= 4 I v Aa I a Yo Y 1 1
wiiosndsznouiluas Tangmindanuiuisge winlasudgsemesz dawansznu
' s A A 2 A va g ' <
Aogun nueIuyye tievnnaisdsgneuludliasFeliquanidiuaisnousis
o a o o A a v o
(Carcinogen) wﬂﬁ’gﬂﬂﬂﬁﬂawwu‘g (Mutagenic) VoIAINTIN (Gottlieb et al., 2003) WINTUAT
gnAmis a1 azihliinansszaeifes (Hatch and Maibach, 1999; Rai et al., 2005; Christie,
1 a < o (% I
2007) wazwunaelminalsaugFenseneaane d114 wazdv Wudu (Myslak, Bolt, and
Brockmann, 1991) I 9AnznssumMsmsnuvsanninglsdlszmaanigomsni wazailu
Yy 9 o v Y I A o @ A I a A
1atimsdsgmadumsiind wazimuldme leniusuase iesnanuiuisiainse
' 9 Ya o v ¥ =2y v £ Yy A a & s
Ao lMinaduas1e aeaiudeldlsemaiumsses naglyadonnd Inslemiluesdlsyney
= A [ ° & A J Y a <3 [ = o o
uazddouniivie Tedrurunilanarnsons ldinanzi5e (Genm ouses, 2546) 145D
Tutlszinalneldtidsemansznsrgaevngsy a1l 3993 (W.4. 2552) eonaua1ulu
o va a (% 4 4 o
WIgIIFUYAAVIATIIUNAANUN QAR INNTTN WA, 2511 15091 UANIATFIU
a @ J ° Y I A Y a ° a = a
paadmaigaa1nssn mvuanwldmelenne liinaasdmanes TsuaneTiumu 30

[ 1

yaansuaon lansy

2.4  adiou

A Y

Ay A A A g A AdA g A A
R (Dye stuff) A® ’s’ni‘ﬂﬂﬂﬂlﬂuﬁ15@u1ﬂﬁﬂ‘ﬂﬁﬁNlﬂLWﬂ@ﬂﬂau NIDAAV LA

U
v

=

' ' 9 Y
Tagmsildeguu vieedluiivesiag ienaziin i iaguuiiduuu Fennununiu

9
a v W Y

S J [ g @ a ~ 9 @ = a
YoeFazuanaenueen lVunusdavesdden uaznuse lunmsgaaanuiagiu q (enwa
a A ° Yy 9 = 2 ] 9 o
qusauiia, 2540) maiilvdadontanuasnu uazimuanudalavesd veldms lavenin
9y ~ s a ~ ~ o ' o a Y
1&un nusmila neuas 013tin uaadion Tasidiow azna Tnuead Usen uazdenzFaewa
1 ¥ & @ ' a I a o
HlwminderendeudatimstuileuvesTanemin neliinatymanuiluibvesTanewiin
o J
(FNUAT MAIV, 2548)
d
241 esndsznevveslaanaadon
J J
Turanavesddouilsznoulidreesdsznou 2 dau (Buckly, 1992) A
Jd
24.1.1 ﬁﬂiﬂiiuﬂﬂﬂlﬂﬁagﬂu (Dye chromophore group)
4 1 g @ 1 I 1 { o a
pentlsznoudiuiiazilsznon lidenuseq uazitluaiunvhldined
' 14 a <
Tu@don TaiioTuanavesddougnuasannsznulnssadielns Iuresvzifanisdu
4 4 I a ] 1
(Oscillate) tHp91nTinsganaunasnisawenaau lihiluwaldinamsiiudaiugag

1] A =} 19 w 1

A A s o Fda Y
anwenaaui lugnganau TasTuWesvzlogarenu 5 nguluswauiindey laun

u U u
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¢ N=N ﬂﬁj:m’t'ﬂ‘ﬁf (Azo group)

e C=0 ﬂij:iJﬂ”lg voHa (Carbonyl group)
e NO, ﬂijilllujﬂi (Nitro group)

e N=0O ﬂa:uhluimicﬁ (Nitroso group)

v J a
e NR, ayWusueanauonluiien (Alkyl ammonium derivatives)

3
Tagmmiznguie Teieuldnuuinlugaamnssudinensdosas 60-70  vesddonnldlu
QATINNITU (Zee et al., 2003)
2.4.1.2 nyWlsiuifavesdfion (Dye functional group) W3efi3endi vanla
Tasu (Auxochrome)
J 1 ds’ I 1 A o 1 =
paAsznovvedluanadivilaziudiuinenuszsznine luanad
1] 9 = o Y a KX A = Y [ EY da@’ 9 1 dy o I
nusdule sz lmnaniseaaavesddounuiaulevy Taslaseasnaruiinezsiluirauu
=y . A [l ~ 1 Aaan . Aa o 1 - +
%Y (Benzene ring) mwgamaw”lmaﬂgﬂsm (Reactive  group) ANDY LU 1Y SO, Na
I a o { 1 o o
COOH OH wag NH, udu Tuanadazdaaanuidule|dTaensfivglesduiia (Functional
1 dy o Aaan [ 9 I ] Jd a a o 14 4
group) tnantshlfnzennuidule Taver1ailususe Tnanaud Wuszdooiin useiumeinad
wso Iagnmsuninduveseyniaddomdililludule
13U 24 naaalaseaseTuanavesddoue Tauo®a (Acid red B)
< 1 4 1 4
winuldnTaseadnluanavesddonilsenouldrvosdllsznon 2 @ fe Tasluwes
% I 1 o a 4 @ 1 [ o
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517 2.6 TnssadwTuanaves@douto 19 Acid orange 7

(Dos Santos, Cervantes, and Van Lier, 2004)
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§ 3 a
1ngin 2.6 Hulaseadnwluanavesddoue Touoda (Acid  orange 7)
a J a g < 4 J
awsoesuielanddouyiiathiiludieo TailosniniInseadrealns Turosuuy (N=N)
1 4 [ o 13 @ ' 4
Usznoudielulasinu 2 ezaou Aoieunualeiuses uanyuzvesdngue 1y Ins luvlos
dy A g 1 o Yy a a o = ds’ k2
Wesnuarunirldinad dwaaslursnanauas uenainilulassasialuiana
v ] J { o v a o
dulsznoumeoon 1y lnsy Fuiudrumld luanavesddounuduledadany Tassad
U dy Yy = A 1 A 1 aana Aa 1A 1 o a [
dyuiilszneulidrervuudu Mlinquezaoui haoljnseaneg Ao nquaaTwiia duaag
= %,‘ a
Turanan@h(u
g [ Y
N3zUIUMI IUMIaagl (Reduction cleavage) Yosenssznouo Taniu vi11a
o o ' a 4 o o o y o
Tagmsihanenuseg lasa153a2% (Reducing Agent) i liaddougniiatoas ilenuszvog
° ] 1 = ' Y
asilsznevdise lagnihatsasazinailunguiedu 1 nqu Uszneudielulasiou 1 ozaew
nazlalasou 2 ezasw nszurumslumsangivesaisdsznovele uaaslugiln 2.7
< Y1 9 a ] d A a =1
it ldnannszuaumsangdvesansdsznoue Ty oz lamsnannua Ao oz Tsumanodiu

a X X a A A v ' 9 ' Y a <3 J
INAYY “IN?H'ﬁE)%IﬁJW]ﬂLEHJ‘L!llfJ‘L!@]iWElﬂfJ’s:f“Uﬂ1W1uﬂTUﬂTiﬂ’E]GlﬁlﬂﬂﬂJ%Li\‘lﬁlUngHﬂ

COOH

Y, /CH3

3

COOH CH
/ R
— i —O
HH \
CH,
COOH
CH
/ Ve
s v
\
CH

3

717 2.7 nszvaumsaagilvesanssznouie las (Masayuki et al., 2001)
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2.5.1.1 Extended aeration
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AUNIY 8 0.30-0.35 500-5,000
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Auna 32 0.36-0.40 10,000-50,000
nulng 128 0.38-0.45 50,000-250,000

nuug - U.S. EPA, 2000



34

a A J

2.6.1.3 aunsd
a a I 9 A o [ 1 a A %’ = 3}/ A
i]au‘ﬂiEJ?J‘HLITVIﬁ1ﬂiyj114ﬂ1iﬂﬂﬂﬁa"lﬂﬁ"liﬂu%iﬂiuu“ﬁﬂﬂﬁfl

[ d' 901 [ [l a =1 rfd‘ 9 1 dy [
agluginazaro nazimenivegluglvesaznou Tasasdunidnanaznoulaazangiuiie

9
a ~ [

a [l 9y X a 1 a A o w Jd Aq ¥ a
NANITYDYTAYLLAIFNAIAY ﬁ'ﬂuﬁ“ﬁa3a1&@u%5ﬁ|ﬂ3@jﬂﬂ1ﬂ@1ﬂﬂﬂau% ] Q‘V]j"]ff]f]ﬂclfﬁ]u

1 9 a d' a 1@ A 4' 1 %1 1 1
Lm%UliJi“]fE]E]ﬂ“]ﬂi]u‘ﬂLﬂ'l%@]ﬂﬂgﬂUW% uazmlmuaaﬂagium ﬁﬂuﬂ1iﬂﬂﬂﬁa181u@'ﬂ133

=

9 a 2 [} a a 3’, H 1 A
13o1mavzinavulugrefioondnuriauaay viotnalusuaznoun luliosndiau a1s

9 v A =

4
andesaaoudnviludlodmiuisgadyli1ls: Towine 11 (@mnan Jumdugnd, 2548)

'
=
Q U
'
a A Ja 3

dy A ° a I a ] A A J o
UN EJ‘V]W‘]JGll.!‘W’L!‘V]°]§3Ju1ﬂi$ﬂ‘H§3J3J1ﬂ3ﬂﬁlﬁawG]5uﬂ WU LUANIGE 51 8 1M310 tag 15 Tag)

v
1A

a A o = dy ? Y < v oA AAa
winyaunsdmarteznlasuasiudleulwinadelmilueims uazwasamlumsduiingia
nazdalinnudngeelszaninmmsthiaiiesninm liiifanszuiumsais q Ae Migadu

manlasugal fludu

] v
o a

o U &
262 nalamamaaluszuununguinlszaw

Q

SN

2

dy d' a 4 = a a o Yy = d' a dy
WHVI%NH1‘]J§$@Eﬁﬂ%uﬂi%ﬁ‘ﬂ‘ﬁﬂ”l‘wﬂ1§‘1/l”|ﬂ1uvlﬂﬂﬂ’J"I‘LN‘VILﬂﬂBULlL?JQ

Q a3

e

] v
adad =

v Y
MNEITNRANTVIIANUTNY W5 1zElimsdiuszauauiiule tazlimsaiuauszuy
%,’ 1 . d' G (% o 1
M3 laveuimelutie vazeusalsuniasunsedaniainszuiumsiiauais q sely
1 Y Y [ [ Y] ~ v A 4 A
19 1AAINANNABINIT TAgeIdIHaNNITIANTINEINUTBIAL0IAYTE NV 9 VBT
Y
(Reed, Middlebrooks, and Crites, 1988) W3oUNI01A8NTZUIUNTNIMENN 1A LAZFININ

= 9 o (% = A
Fa1l5znouAI8NIIANAZNOY MIYATD IagaunIAvoIdIna1 Maazauluny ns/asugl

=

a 4 o w 4 a 4
Taggaunsd wazisluszuuannsansanaasai 9 laaenseond lad

Q
v
| )

oy a ¢ X ! a ¢
2.6.2.1 nalnnsmidaarsounssluscuunuiiguiinlseivg

Q

o w a A J é’ A H a J o A
na lnmsmamsounsdluszuuinuigninlszasg awdalugili

a9

a A J = Y Ao w 1 a ~ ao' =) gﬂ A 1 A ?:'
2.11 9aun 8%$Mﬁu1ﬂﬁ1ﬂﬂﬂuﬂ?i‘c’l@ﬂﬁﬁﬁﬁﬁ@u‘ﬂiEJGluuHﬁfJVNVI’OQGluE“]J“I/IazﬁWEJ‘LH Uag
¥
Y

o 1 a I U 1 a v
imegnuagluglussaznou Tasarsounidnanaznonldarzaugiuie ansdesdalsnda

Y
A o o w A du A

Fuasau daudrsazaledunsdezgniita lasgaunionsnldeensnu uaz luldeengou

a

A VoA A ' ¥ J ' 9 a 2
NNIZAADYNUNY uazmmauaaﬂeqium ﬁ'?l!fﬂiEJ@Elﬁfl"Iflzluﬁ'ﬂTJg]lii’ﬂﬂ”lﬂilSLﬂﬂ‘]Ju

v H H
Tugarefoondouvianaaunsonalusuaznoun lulioondiau arsignessdalondn

waaeluilodmiuisgadulldlszTomide ld Fanrsdidaarsdunidnarnise

Y a lg Y <3 dy A ¥ a s 1 dy a dy A
ﬁﬂ@%ﬂi’)uulﬂﬂ1EJi]%Lﬂﬂ‘lJuhlﬂi’JEﬂﬂiflﬂﬁ’JsluWUVIGIJMUT]J'EgﬂHjLLU‘]JUIWﬁNTUWHN’J UAZWUNYY

Q

% a G}

g a 4 a o g (Y 2 %I a 4
ilszavguunlvaldfiiinais Tagrziuegnuanutiaueail 6A51N15103 YY0IRAUNTS

1 a Aq 9 ana o v o o A g X 4 ¥ a J ]
sazuraseondaunlFlulgisemaihtadmiunsaindunungpnin)ssavguun lvanm



35

4

dy a 1 dy d' 1 %’ a Ja % dy [ -9 =Y d' 1
WUHRD muwuwguu1‘1Jszﬂuguuu"lwa6lmmmﬂmwmu@gﬂuﬂiummﬂ@umﬁmmﬁu
Y Y '

)]

v
UNTD Lm%ﬁ]@ﬁ'Iﬂﬁ“?iﬂl’f)ﬂlﬂﬂ'll!%ﬂﬂi@ﬂ Iﬂﬂ@ﬂﬂ“ﬁlﬂuﬁTNﬁﬂﬂTﬂmWTL!U],@%IQ"IEJ

Cco
0, Macrophyttes 2 Co, 0, Cg“
. 2
voc s Co, \ f co, M
. 5 . 2
Air 1~ ‘f - f Floating Plants A +
14 jesesunsgsenns]
Water | | ‘j} Phytoplankton
DIC < — 0,
—»VOC T A
[ 8
Influent —DOC —> sz Submerged az Effluent
— POC =—3-{ & &
POC L /DIC POC
DOC - —y DOC
DIC el = POCI:) DIC
—p P[C ey 0C S
vocC 'l ’
(@ By ? =
ML —>DICa| R0t L poctf505 > 5
NOz = N,
Root Zone/Pore Water >
: Peat POC - Particulate Organic Carbon
Sediment / DOC - Dissolved Organic Carbon
DIC - Dissolved Inorganic Carbon
VOC — Volatile Organic Carbon
PIC - Particulate Inorganic Carbon

4

~ o w A A A A g a o
g‘]J“I/] 2.11 f‘lallﬂﬂ"li’mﬂﬂﬁﬁ@uﬂﬁ811!33‘]J‘]JW1!1/]G]§3J1H°]J§$@H§ (U.S. EPA, 2000)

[
%3

) ! b a ¢
2.6.2.2 nalomsmanadesluszuunuiigaindssavg

o v a9y dy a 3 a J o ~
nalamsmaaadonluszuunniguinlszavg awdaslugli 2.12
Y

'
A o w A ° =Y a ~ (%

= g LI o Y 7 A
G]N’ENﬂ“lJigﬂf)iJ F1AUVDITEUUNUNYUU ﬂi%ﬂ‘]&lﬁﬂi%ﬂ@‘ﬂﬂ’)ﬂ JaUNTY AINAN LASNY Iﬂﬂ

9 E]

s Y A 9 3 a

a =\ 1 = o Y ~ J 19 9 a
ﬁu‘ﬂ38ﬂzhﬁu1ﬂ1uﬂﬁﬁl®EJﬁaWEJﬁEJfJﬂJGl,uuHﬁEW‘IfJﬂEJ’E]iJ T@ai;aumﬂuuullu“l%aﬂmw

oD

Y 4 ° o o q ¥ 9 oy Y A
S “D’L’(’JH‘IGD'EJ azo reductases “Imﬁ']fJ‘WH‘ﬁ&@I“]f ﬂ?ﬁlﬁﬂﬂ']l]!‘lm‘llﬂﬂﬁ'ﬂﬂllaﬂaﬂ uaz"lﬂmiwm

<3 a % < 1 <
Twanadnas Ao 5oz lswaneliuduiluaisnouzi59 (Gingell and  Walker, 1971)
v a ~ J Y a = J . = v
muﬂqaummmual%aﬂwmmau"lw mono 0¥ di-oxygenase catalyse HITINITHIINND
panFad tazh lminamsuanWusees 15810 (Madigan, Martinko, and Paker, 2003) ¥i114%

Il a A =R 3 ' < o [ @ Aq ¥ A A
fﬁll']ﬁﬂf]f’)flﬁﬁTﬂﬁ"li'(’)giill']@ﬂl,i’]llu“]fuﬂuﬁ']ﬁﬂﬂllgliﬂ ﬁ?ﬁiﬂ@]ﬂﬂﬁ?ﬂﬂi%iuwuﬂ

v 3 a o ° Y A v A Y o g A o A a U Y X
“];NL!1ﬂi$ﬂyﬁﬂ$m1ﬂu1ﬂ%38@ﬂ%UﬁEJ’em uazﬂdLﬂUﬂﬂgﬂiﬂﬂﬂlﬂﬁﬂauﬂifﬂﬂaﬂﬂ?EJ HUHONITNU
A A 40 ¥

a J [ {1 o w a o
wﬂuixuuwu‘mmuanzﬂyj;fnzmwﬁ’wﬁmasluﬂ”ﬁmmmmawy TAge 1N EUINNIST

Q

MOveiy 15U Mgadu Iagsin MigaduuanyudIgosaa1vaIenTzUIUMIINATLDATY

A A A ) < A o q ¥ a ' A3 o 9
VDNINY INDIAAD LYY LN ﬁﬁ@%']GLWﬁ']ﬁllfﬂWBf’]Qiugﬂ'ﬂlﬂu@u@iWﬂu@ﬂaq



36

Phragmites “senses” AO7

phytotoxicity by the enhancement
0, <O v

@ of ROS production at foliar level
AO7 HO ROS-scavenging enzymes
22 L. —
synthetic > op ---» geneover-expression in leaves
o, and roots (GPX, SOD and
wastewater
Outlet

CAT) enhancement
(depth control)

Pumping !~ ----------------------- . POD) able to eliminate AO7 and

1 1
i AO7 only nutrient '
reservoir 1 O7 only nutrienghgyree i by products from roots and
1 1
1 1
1 1

(High oxidative stress conditions)

1

I

I

I

|

I
Production of enzymes (e.g. \
1

I

:

leaves (Davies et al., 2005) i
1

I

I

I

Indirect methodology showing that P. australis produces ROS in

the presence of AO7 by measuring the accumulation of mRNA

v A

{ I3 g { 1 ¥ a
g0 2.12 nalamsvaddenTuszuuiunguinlszang (Davies et al., 2009)

Q a3

2.6.2.3 nalansidalulaseuluszuoiuiganinlssavg

P
A A H

nalnnsiiva lulasmulusyupitungninlseang dwaaslugli

q a3

Y =

<3 Y1 o o A a d%’ ~ 3‘/ o w
2.13 azwiuIdnlumativa lulagauinnayy inmsmiadronszurumsninenin nil
pazdinm Tasdiulvgudqrlulasnuszgnidadiena lnnisinalfnser luas wadu
(Nitrification) ~ #taz@ lua3 W% (Denitrification)  n1sgady TuTaswwd T luiy nag
= 49) d' ] %’ a g
myszmored uTasnulugiuenTuils Tuszuviuiguinlszavgauunnizny luTasou

TuzdveweuTwiloy Farzhamaaougd lidumslulasou nszurumaaon

v
Q/ 1

a I I a

asounie luTasmulddluren Tudis luTasnu uluaouusnuoamsgosaalea1souUnse
g’/ a an < * I 1

TuTasmu amivszmanizuiums luaslnsy Feezilumsnasunon TudleluTaswuld
I < { [ 1 a Aaan ¢ aan
dhuluminlulasnu Taolllulasi luTasmuiluansiegszniumanalgisetl Ujnse

aa & a Y A a Aa P ~ ] = a Ay '
TupsinduarzinaluiimTeaunloonFoudioane FI9LTINIIUTNIUTOU ) TINNYAIY LA
9 ' Ay A a . ~ an o a 2
szuvegluanimi liomeanieoon®ion (Anoxic) nFzUIUMTA luas HnduIINATY LAz

TumsnTulasu azgauldou lilululasdlulasnu vazialulasnuluige



37
o w dy A 9°l a PEEPN a S J
wonnnmsma lulasnulunuigninlszavgninaangaunid
Y o Aa [y = 9 @
udrdunansgady luasnlulasou vazueyTuiioy luTasnudisainan Tasilszgau
Y
voluainlulasnuszgniadanylosouninuSnunuiIvesdIna1e U usaumiion
arousadaiioaniesan i Ae dszgavveslwasnlulaswuezgniaegnivilszquan
(% v A d’ 1 4 4'
voaadnae uazdunamsuaniilasuszringlaasenled loesuluaisazaie e luasn
9 ~ a ) =y 9 VA& 4 @
TuTasmwdn llununanunsanaiusziaiiny Inseasavesusnilusanilsenevveadinai
] @ Aa A < I 9 1Y) =\ 9 o I
iy Tavigminwinezgiiion man iudu msgaduuen Tudion TuTaswuaesdinarsesily
= o A a a g =
nmigata lopouuinveseymasinaniilszyuinuaniuay Tasuow TudionTulasou
A R a 1aAa @ a =< ~ vy a
NgndaAneginIveIiINa 19 zINANTIAILLTAIY 9 asogaunud laae leoouninaiia
1 Y [
ou'ld (nwn Anens, 2533) wenaniluen ludion luTasnudiansonantlasuilszauan
o ~ a Aa o Y = = I Y
fu'lessuiniimzusnaiveIdIna1tla wu Inunadenlooeu Tmdsulossu udu

(Demir, Gunay, and Debik, 2002)

o Macrophyttes N,
2 phy’ o, & NCZ)
. P, Emergent ) NOy
Air Af Floating Plants f
4 Y/ O j¥swssnspssass)
Water NO, 14 M ‘y/‘ Phytoplankton
No==7] NO-z_T *
3 >
*+ E Submerged | 3 =
Influent —> NH ,——>| & = Effluent
m 5

PON s 1 NH,

DON PON NO,

NO, ] ——>PON —> NO,

NO, PON PON
L VR (. ‘
Litter/Detritus NH+4.’ Roots PON 2 NH4 NOX, N,

] i Ll : :F_ 2
Root Zone/Pore Water :: - > T
w ¥
S S SV NS .
Sediment PON - Particulate Organic Nitrogen
DON - Dissolved Organic Nitrogen

5141 2.13 na lamsmida luTaswuluszouiuigininlssdug (US. EPA, 2000)

2.6.2.4 nalamsmaavlearieSaluszuununyininlszay

O

[ .dy A ¥ 3 A 9
a’liﬂigﬂ'ﬂUV\'@awaiacl,UWUﬂG]iiJu’]ﬂggJ']%’]ﬂu’] hlwalfll’l HasnN13

a =)

= 1

Wamweussona aulvgrznurearesalusinazateirld vowis nazvoaosa

U
A J H v

a < o w [ d" a ° a 4 Y =<
aumﬂel,ugﬂmamm m*smamvdaaﬂmmmwu wmﬂimm llﬂll,ﬂ NITANASNDUNAN

Q EX]



38

a

% (% v 4 % J ' o
nMsgadu Iagaana N15gosaa1sveIauns o tazmigadu Iagins Feaiulvgmstidn
[ a dy A ) J o aaa [ a A <3 =
WoaoTmnarunFuveInINa g Iﬂ‘c’]ﬂWi‘Vl"l‘}Jj‘]ﬂﬁfJWﬂ‘UﬂﬁiglllumJ Man LUAaLlyay Lag

uuntidenlsznovegluaInaig (Zhu et al., 1997; Bubba, Arias, and Brix, 2003) 9INHUNFYZ

= 1

aaduriun1ein uazth ld1dlumsadasadae 11 Taaereaesadadanudinaialy

Y
A A ¥

a J g‘; a 07
Wl.!VI"’IﬁJU"IﬂS%ﬂEjLLE%)’J VINUUITINANTTAABY uamﬂmmuwﬁﬂ Taganua 1o luns

Q

o o (Z 1 a 1 o % 2 (Y 4
E]ﬂ“]ﬁJ‘Ni’Jﬁ‘l/\li’]iﬁﬂl@QGI’Jﬂﬁ"lﬁll@]ﬁ%clfimﬁ]mmﬂ@nﬂﬂu %Qﬁuﬂgﬂﬂﬂﬁﬂﬂigﬂﬂﬂﬂ"lﬂmﬁ uag

9
ANYULNNMININUBIAINANFHAUY 9)
@ <] | [ :ﬁ’ { O
nszuaumsnnny uazuanlasueavesalununguiiina 1
9

[ { ] J [ g {1 ° a =
auaaalugii 2.14 Tagaziiuldinwsvesloaealunuiguinlszavgidiulszneu
9 w ' v v 3 A A Aaa < 1 (%
digyralged1y laun 1 Wy daliFIavuiadn euniaae q luszuy uazaanaig
A Y 2 A 9 o Y ]
mAgIzuuIMNNIgsz Uy tagmsnan luerme nalugl
<

a

WeavleSamusssuana
1 o { g 901
arsazae uazglveuds arudearesanoonvinszuuszduliiviesn nazduasll

v Y
v W @ @ ' < o w
’dzﬁniu%u@’mmﬁ LAgYUASNDU waﬁwaﬁﬁuqﬁﬁjuﬂiglﬁﬂllﬂclu@']ﬂ’]ﬁ ﬂal’lﬂz’ufﬁ]\jﬂ"iﬂ'ﬁ]ﬂ

v
o v A

2 dy A % A = = gi [ =S A o
V‘IﬂﬁﬂﬂiﬁiuWHﬂﬂjﬂJuWﬂﬁWﬂﬂlﬂQ@] f9 mmmﬁﬂiuwmﬂmq HagUMIaeaunaInNaIN

Y
Ju druludvesmsaasuneadesattldilszlosiveeiy vazfanssunisiilld

U

A ]

J 2 A A Aaa s A Aa 1 A g 1 9 )
U5 Toaiveadalada wu a1 nedad¥Invinaandy q nuedluihdedludiutioes Tunsal
v Y Y
ndeamsldszuuiidseaninmlumsiivadoadesageiu nmslddrunanszvitesu
Y A < Aa A Yo a = a 9 A ] ] 1
anannlman wazezgiiion lasuanuiey Tase1vvziims@unsed liiesed fua

Y

ms1ns Tva e lddseansamlunsiivanoano TavessuuAIU (Steiner  and
Freeman, 1989)

a < o

o w X . : d

2.6.2.5 nalnmsndaveanduwaruaealuszuunuiignindszavg
o XA 40 ¥ = g o ¥

Iﬂﬂm?hlﬂwu‘ﬂcl“fllu'lﬂﬁgﬂﬂill5383&3ﬁ1lﬂﬂﬂﬂu’l'ﬂﬂ’]ﬂ U N1TaA

{ ? a

J A = Y
lI‘L!TlJiZﬂ‘Hﬁ UAQAUIIINNISUIUNIINEUED U

a3

¥
= 1 =

= < g {
Suaveaudaivaos I udenmunun

o=R -

=< A 9 ] A Aaa A 40 ¥ a JY
Wa’lﬂﬂigﬂjuﬂ'ﬁ5'33Jﬂ\1ﬂ’lﬁlﬂﬁf]uﬂ'lﬂ"llf]\1€llE]\HLGUQiﬂﬂﬁ\‘llﬂfj@iuwuﬂﬂimu?ﬂigﬂﬂﬁﬂﬂﬂ

A ¥ A A A A ¥ a o < 6 aA Aa A
I@’IElm‘wwLiJE)unﬁ’EJ“VlmuWH‘VIG]ﬂJuWﬂigﬂygilﬂ’31m5’mlﬁlﬂum1 MWG]ﬁJﬂﬂq&J UAUNUNUIETU

! 9
S 1 o

. o w o 4 a 74
925129 1UNINTBUAZMIANAZNOU MIMIAVDATILYIUADVOINUNFUI T2 AuTITY
A o Y % dtg < [ Y~ v As 1 Aa A o w
nszvuMINMIngammingauy szeznaununniuilisninaselszansamlumsmia

I ~ < [ ¥ dy A %’ a ] 9
youdauviuany vinlszeznaunuinuiums mavesth luiiuisgaininlszavg lnaseudna
' A a a I g
F1 92BNV YTLANTAINAITANALADUNIINIYAINUYDIVDIUVILVIUADEY UBNIIN

[l A % [ 4

ANUNUUUYDINFIINUNITINAIAIVDIVDIUTILYIUADY IASMTANALABY 11193 1NNY

o I LY, R A A = A
%’ﬂ‘UGU’e)ﬂLLGINLLGUTL!a’0EJUl”JGluGImmﬂaNVlaJmiﬁzt’fmeme% UAZHEINTNI BIBIYINY



39

o w < ¥ o Sol a o 1 ¥ Aa [
mmmmsa“lumﬁm%mjmummmma’e)ﬂmmﬁuﬁﬂgumﬂﬁmygamﬂwamuﬁum qIU
dy A ¥ a J ya o <3 A <] v )
Wumgumﬂﬁzﬂyguuu”lﬂa“lﬂmmﬂaN AIUTONTOIVDIUUILVIUADYINUUUIAULADNIUB Y

o : l @ <3
UBIAINAN “?QGB'J‘EJ%}J?Nﬂlﬁnﬁ‘ﬂu’ﬂ’ﬂﬂu@ﬂi%ﬂﬂﬂl@ﬂﬂ]@ﬂllﬂ]ﬂlnua@fJ (Kadlec and Knight, 2006)

Macrophytes
Floating Plants
Air \ Emergent
Water
Particulate P ﬂosr%lalgﬁlcep
[ 8
y > >
Flow <. | Submerged | & Outflow
O B ——— =
m 53]
PO,

o
l

Litter/Detritus/
Microbial Compartment|

Particulate Roots A
Mobile P PO, |

N
Bound P

Sediment

5 a J

11 2.14 na'lnmsvaneaesalussunnunaninlsz@ng (U.S. EPA, 2000)

a @9

Ay 9 ¢
2.63  vHavazUszanvesufigiiszaug

¥ {1 ¥ a g S !
wuRgurilsLauFansause I@ie 2 Uszan 1dun
TR

1 y a d i a o
2.63.1 WuiguihlszavguunlvamunuAiIna1s (Free Water Surface

Q

Flow Constructed Wetland, FWS)
A

g a 4 ] &' a (% 9 A a
wumwmﬂimyguuu”lwamuwummﬂan sznevale Wy Ay

Q

D.

A o a v A ] = A Y A % n Y o
W3oaINaNFiaa1e q thorrelumsdamizvossinisliisannsonseaied 1a duaaa
d' a dy a %’ dy d‘ ] 90’ a o ] dy a v (%
Tugi 2.15 TasuSnaiuaniwesiuiguinlseasguon lvaduiuiidinas aunsosy
pONFIIUINUTTONALA Iagase uazSuimeondaudimnuszgnandeslldidiusin

Yoy TasNsnizvudeandnugaiuanuesdinariildinanszuaumstiniauadisdie

a A .

yaunson ldeendiou (nNTunUguUNaN tazaAuIAINTINALAdouL ) szima Tne, 2546)

1 (% < [} Y a a 9 a 9
TuaruvesdinansIdudanusn uaz 15 lguansanaan1iziioondau uaz 13oendau'ld

v 1 901 a

. . IS a ~ Y o dy ~
(Reed, Middlebrooks, and Crites, 1988) UHa1n¥a1841U s lauhszuuiunguiinlszay

Q

B,

=

2
wuy InarunuEIdIna1e i lemdanaaisane 9 1 M1IANEIVE Cameron et al. (2003)



40

y ¥

Y o dy A %‘ a o ] dy A o A o w %} ay =< o A

I@hszunuigniszavguuy lvarmunuiiaana1s iethiiaiinennguay Faim

a A a A J = 1 o = =

NN UNYTMIUAIBUNTT 1azT19011M15WIN AMTANEINDNAINIT0ITAL Ton
o < Y o ¥ s

TuTasnunarue Ve Iuasenarua WeaveSanivua uazess Inweala 1d3esay

o w dyw o w A v a 4 = Yy
34 37 93 90 uaz 82 MuAIAY UeNAUSIAINTaMIaNAalnaesy uazdlnla laseeas
52 11aZ58 BAAIY 1INMIANYIVEY Lim, Wong, and Lim (2001) vmsanu1dseaniamlums

o w ¥ {1 H a Jd o 1
1h1a TuTasiou wazneuas (Cu) Tasluszuununguinlszavghmsilgnduglond wun

&3

v
= o

mmsaﬁﬁﬂ”luimmu”lﬁ’%’aﬂaz 22 uazﬁﬁﬂmmm%’aﬂaz 30-57 Fansthyialulaswuna

e

v
a0 3

=2 Y = é’w Y= =2 o a 4
nnmsgaduTasauglgid venviniigdlaimsanynhszuununguinlszasguunlva

Q

[ :&’ a Y o w v . . o
euiiuAdnana T 1$lumsmdaTanzmiin 91An3AN1V09 Pimpan and Jindal (2009) a1
dy A ¥ a 4 P o w ~ 1 ~ o w o a

wunguiinlszavgunlslumshiauaalon wu uaalsugniiva lagnisgaduvesan
uazmsih I 14 Taeiy dalszaniamlumshisneglusicdosas 61.7-99.6 nazanmsanw

Y94 Maine et al. (2009) wuNasarinialasienldsesas 53 uazMdnilina Sesas 39

i
A 1 90‘

Aa o [ <3 Y dy a 4 [ a % o 9
FINITUIVYAN N 9 %zmu”lmmu °1;1Ju1ﬂi$ﬂy§uuu"lwamummnmqmmiﬂumﬂ%
J o w FY 1 ~ a X 9 dy A
ﬂi%Iﬂ“]qulUﬂW%ﬂiJaﬁWill@Wﬁ?ﬂ‘Viﬁ'lfJ‘]Ji%Lﬂ“V] Lmﬁﬂluﬂﬁ/lﬂﬁlLﬂﬂ"lluﬂ1ﬂﬂ1§ﬁ'iNi$‘U‘UWH‘ﬂ
v % a 4 v dy a o A A Sldy A a
guilszavguun lvaruiiuiiginaie asddaymiGesgs nagldiufunn (nsuaruauuany

Haz AUANIAINTINAWNAFONIHI TN Ing, 2546)

Emergent plants

Slotted pipe for
Wastewater ' | i
distribution TR L |I il - |

AF | | | 'R W R | #‘| |
I Ty

Effluent outlet

Slope 1% -—"j

Rhizome network

N

Soil, sand Watertight membrane
or gravel

P~ A A 3 a J ] dy a o
ETJ‘VI 2.15 Wuﬂ“lji]uWﬂi%ﬂHﬂlLUUklﬂaNWUWUW’J@’JﬂﬂWQ (Polprasert, 2004)



41

[

¥ b a ¢ Y
2.6.3.2 Wudguiszavguuylvaldfiadanars (Subsurface Flow

Constructed Wetland, SF)

¥ a 4

dy A Ya o I o w %’ s 1
Aunguinlszauguun Ivaldradanars dumsiniadudelaoru

L
9

2 o A A ¥ X 1w I~ o Aq ¥ a
asllugudanasilinmivueg awaaslugli 2.16 Tagdnarshlfiluwiniiuua niaa

an o J

A A a J & % a2 A a é A 9 [ Y o =
NIDAUTUAAN 9 G]S\W]’JﬂﬁN’E]ﬁ]il“lfllﬂiﬂ“lfllﬂﬁuﬁﬁi@i%i’JiJﬂ’L!hlﬂ (anEWU AUIUTUUN, 2539)

Y
°

y o a ¥ A a 4
ANMURUIFUAINANYTZUIN 0.6-0.7  1UAT (ﬁf’)f”ﬂ NIUAIUTNT, 2544) ﬁuwynmﬂimyg

Y ] Y f ' ° A
nuy Inaldrmadinas vinuldsuainasazdudidarstedaasanadaz i ldinaaning

a A A

9 a dg! dyd @ =< a 9/ o 1 o Y 9y
15o0ndouan uennniisdiansafsesndgaue ldiadrusin Idqaunsdyiialg
panFIaudINITosan la la luusIusIn (NTUAIUANNANY HAZdUIANIAING TN

A Y 1 [} g’./ = a ) %] 9 1 9
ﬁmmaamgmﬂizmﬁ”lm, 2546) AauIEIsananszuIumsihdauuy s uaz”luh

' ]
A °

Y
a [ a 4
pondauluszuu@ednu'ld (Brix, 1987; Cooper et al., 1996) Nunguinlszangunylnald
A o ~ a a o w a A = = 1 :’,
Araana Jdszansnmlumsmaaasounidlugliled  vewdwwiuasenivua
TuTasnuvazealesa’ld (Vymazal et al., 1998; Brix, Arias, and Del Bubba, 2001) ﬂ’ﬂ’g‘ﬁuﬁ

¥ { 1 g a a % o w 1 90’ 1
mshnuigunihlszasguuy Tvaldiadanats il 1¥lumsmdauaasais 9 lud wu an

'
A 3

9
a o a v
MIANBIUDY Poggi-Varaldo et al. (2002) Iz uuiungninlszasguuy Inaldddinais
1 g F) o 90) =) [ - Y- 4 1 a a

Tagdassiin Tuartnszuuuuisiy TunisiiniadndeninTseindad wnundseansamlunis
o w a A = = = = I 31 9
famsounsdluglalen - 1108 uazveUWVIUABININUATOIAL 90 91  LAZ 85

o W g c&’ { %,’ a 4 a
AWEIAY UONIINT Zachritz and Jacquez (1993) @npnns lsiunguiilseauguuylvaldna
Y o % = o g 1 <3 [ %j =
aanae lumsihiai@esinyhsy@ealar wunansaanveadaazeanesaluiinge
Y o o w [ a 1Y) o d" A
Jovaz 67.2 uay 87.0 mwaay Jaenmamaaleailesainannmigagulasdinaralunun

3

%umﬂ‘;zﬁy@f (Zhu et al., 1997; Drizo, 1998; Sakadevan and Bavor, 1998; Griineberg and Kern,

qQ

J

= . Yo A A 2 a ya o
2001) 91NA15ANET Mantovi et al. (2003) lathszuuiunguinlszavsuuy Inaldridanais
Y o v ¥ o P 1 o w A ac < Y
1% lunsiianu@en s uuy WU @1UTIMIAAITOUNTY VIILTILYIUADENIN LA
9
TuTasiau uazWeaesaldsosaz 90.8 91.9 79.1 uag 60.6 MUAIAY UBNNLHAINTIN
zg A 90‘ a 4 ya @ 9 o o %’ A A a
szvununguilszavguuy valdrmidinaranlslumsmamindeiinasin Ty
9Ad1MN354 1A8 Maine, Sune, and Hadad (2006) ldvhnsdneinisihtiaTavgmiin 3 wiia Ao
= Aa a [ A R a < =\ ,i’ %’ = 9 zi’ A
TasWey Wina Lazd@In:d Funavin lsenuian laelnsdudleuluiinaes laslsszuunun
] ?,’ a o Jya % = L=t a A o o =
guilszavguulvaldradanars mamsanimunldseaniamlunisiivalasdion
fowaz 86 azmIailing uazdanz@iesas 67 91INMIANEIVDY Ojstrick, Fakin, and Vrhovsek
o g ) ?,’ a J A (Y o w %‘ o w
(2007) hiuguinlszasguuy Ivaldmmnanldlumsihvmindedendon aunsamia

o v a o : 9 o o
ddon1d5ouaz 70 nazhivatSuamsounidlugldleadovas 88 dana lndianlumstinia



42

= a a2 da 9 a q 9 a a A J dy A
T 1UAzE@TOUNTONAINNTZUIUNS [FDONTLIU u,az'lu“l%a@ﬂm%umemaumﬂﬁluizuuwuw

' a J
guU)szAng

Emergent plants
___,n-"'
! i i F 4

Slotted pipe for : f
Wastewater ' (1 '
distribution '

-,

t‘_-_ fll:J‘.I II‘ Hll

Akl t *.m

"LLEQ_"’

Slope 1% -/; / r
Rhizome network * Soil, sand Watertight membrane
or gravel

— Effluent outlet

4 RN
g1 2.16 Wunguinlszasguun Tualdfiadanais (Polprasert, 2004)



a

AINNTITINUNIUITUA

g

A
nne

Y
9 [ A

AUDINUVISUUN

43

A Bol a 4
uwgmmﬂﬁmy;ﬂ;uuu

T Y ya o Y Y A o
"lwamuwummﬂammmmﬂﬂaﬁlﬁmmﬂaN ﬁ"liﬂﬁﬂﬁ?ﬂ‘llﬂﬂ IR RIGE muﬁmﬁlu

A
$19°9N 2.6

~ Y a4 Y o & a < Y A A
AT NN 2.6 ﬂl@ﬂ-ﬂlﬂlﬁﬂﬂlﬂﬂigﬂﬂwu%%ﬂu?ﬂﬁgﬂyﬁllﬂﬂqﬁaNTHWHNU@]?ﬂﬁTQ UAZNWUNYY

J

'
A 3

Q

%,’ a ya o
unlszavguuylvaldfdanan

Y
]

Q

d’l d' 1 ?:’ a o

wuwyumﬂszwguuu
v

hlwamuﬁumﬁanmd

(FWS)

Uszna'lne, 2546;
Cameron et al., 2003;
Lim, Wong, and Limy;
2001; Pimpan and

Jindal, 2009; Maine et

TuTasu Weaese
naziiagelsnld
FUONTAUIN
SRR ARG ITER

A1150NIA lane

a 4’} d' ' %’
YUAVBINUNYUU v - A v
- GRNGR 109 VoIdy
szaug
(MTNAVANVANY o AWINMIA o nadymluGosuns
a a J <] I '
HAZEUIANIAINT TY A150UNTI VOV Mauumag
2 . [ o o
Aunadounns HYIUADININUA U FES

2 v
o ldunlums

ApEE 191N

A 4.2 a <
Nunghlszauguuy

Tnaldfidinaia (SF)

al., 2009) min 18 1954 neauns

unasiion Tagiiey

Hina
(MIUAIVAUUATY o MvAEITOUNTH e 1NATY1INIT9AAY
WAz aANIAINT TN Yo TUIUaDY VOITURINANS

Fuiapdeuna
Uszna'lne; 2546
Vymazal et al., 1998;
Brix, Arias, and Del
Bubba, 2001; Zachritz
and Jacquez, 1993; Zhu
et al., 1997; Drizo,
1998; Sakadevan and
Bavor, 1998;
Griineberg and Kern,
2001; Mantovi et al.,
2003; Maine, Sune, and
Hadad, 2006; Ojstrsek,
Fakin, and Vrhovsek,
2007)

Y
navya luTasau
wazWoalosald
15099 Tane
@ 9 ] =1
winla wulasew
Huina uazdansa
NANITAIIA
Woawesalasnisga
FUUDIAINA1 I
A A ¥ a ¢
Wunguinlseavyg
a A d A 9
yaunIowiialdy
0ONFIUAINITD
wigauTaldlu

UINUIINVBINYS

aaa

o Uz luasilin

o v v '
%u'lﬂuaamumu

1 g =
Twar i




44

[

¢ A A
2.6.4 NAUNNIIPDNUUUNHUN

Y
A

mmcﬁmsaammuwu

=<
bd
goﬁ
-
=2
o
ee
hO))
=

D a&ne

9

[ ° ' dy a Y
guilszavguuy lvaduiurnazuun lvald

a9

=) 2

Y
a o [

ﬁummﬂaw Aaaalumsen 2.7 ﬂigﬂﬁ]ﬂulﬂﬁ}’elﬂ

2.6.4.1 STELLIAUNUNNI (Hydraulic Retention Time, HRT)

1A

1 I (% o H a 4
ﬁﬁuamﬂu U ﬂ']ﬁuﬂIﬂﬂﬁﬂﬁuﬂg@lﬁ']u’)']ﬂﬂ'ﬁﬂ')uﬁﬂuim Llﬁgflﬂ'lﬁ
» &R a v 2 ~ ' ] v ¥ A Y a o Y
"l?immumamu GﬁﬁiuﬁﬂWW%iﬁﬂ%ﬂﬂJWUﬂﬁ 2 NI ﬂTﬁW'lﬂ'l'§$Elgl'Ja'llﬂ‘]JﬂﬂU'lﬂL!ﬂi]ﬁ\thlﬂ
@ 9 A S A a a ] = A A
YNNI ma"lﬂa“luﬁzummmcﬁﬂu Lu@ﬂ%TﬂMW%LﬂﬁﬂJLﬁUIﬁ'ﬂQ uazwmz"lﬂ!,muﬂﬂsmm
v '
MTIUNIAE (FIF NMUAITBNST, 2538)
% a q
2.6.4.2 é)ﬂﬂﬂﬁz‘iﬁﬁﬂﬂﬁﬁﬂﬂﬂ%ﬂ (Organic Loading Rate, OLR)

@

= [ I a o 4 I a P
Wruaend)u ﬂTﬁﬂill/(!?lﬂLLﬁﬁ.’JU) L‘]Jull'Jaﬂlﬂﬂﬂ”lﬁ@u%iﬂ‘ﬂﬂﬂqjg'ﬂ‘ﬂ

v Jdo o

F v
AONUIBNUNVOITLVUADHUIETY UANNTUNUTAUOATINT 11a tazamdud U0
a = %’ =S
AIUNTE UL A
2.6.43 ANNANVDIN
% %’ 3 [ % A o [ A
seavinutlavenanlumsaen nazahgednunsluszuy may
Y = T % =1 g’; 1T A [ 90‘ zg = 1Y %’ =

ANuAeIMIvessuananuean i Tpelidwanigld luszauihavauteszautan

2.6.4.4 ﬂJ1NW§HﬂJ§N€hﬂﬁ1Q

Y v
(% A A

faniusiuin fvesszuy mndananiidenlFimanunguge
Usyansamlunisiinezgedie magldiuilumsisarovas
2.6.4.5 ANHANVDIMINA
ol wag Han @it iunuevesnity 1inaNuANN

9
ﬁﬂ%wumﬂmqﬁmmmmzﬁuﬂummanmmﬁﬂﬁﬁmzmwaiﬁ'ﬁ«vmmmwwmiwmwﬂ



45

Y

~ I A A so’ a 4 ] d” Aa o 9
ATNN 2.7 Lﬂﬂ!Mﬂ1§@ﬂﬂLLUUWMﬂG§Nu1ﬂi$ﬂB§ Lmu"lwamuwummﬂmq !,Lammu‘lwa“lm

HIAINAN
. puulvann nuu'lvalda R
ERtdaHMRE FEp RENGN o RENGN
NHAININAN AINAN
Reed,
Middlebrooks,
. Metcalf and
ANUANUDI 0.1-0.6 and Crites, 1988;
y 0.3-0.8 Eddy, 2003;
U1 (1N9) Metcalf and Eddy,
U.S.EPA, 2000
2003
0.6-0.9 U.S. EPA, 2000
Reed,
Middlebrooks,
ANNANVDY and Crites, 1988;
. U.S.EPA, 2000;
AINAN 0.2-0.3 Watson and 0.5-0.6
Ong et al., 2009
(1un9) Hobson, 1989;
Cooper et al.,
1996
AR 2-3 U.S. EPA, 2000 Metcalf and
<3 [ %,'
NUNNU Metcalf and Eddy, 2-15 Eddy, 2003; Ong
. 4-15
) 2003 et al., 2009
9NI1NTE
UIINN Reed,
mi@uﬁ%sﬁ' <112 Middlebrooks, 16-60 U.S.EPA, 2000
(M Tansw/ and Crites, 1988
(anuas.Su)

a A

2.7 HUAUMNU

a A I a &l = A 9 a =
NUAUAIU (Shale) WuruaznowiloazoeanlsznoualenznouIUIAAUIHLE)

a @ a I a
(Clay) LLa%"UHTﬂ‘ﬂiWﬂLL‘ﬂQ (Silt) NANNITNVONVDY IAau tazawmHenTuraiuiu q e

o 4 ’.{ HE, 1 4 I~ 31/ a a < 3’/ a
MIALAUAWLDNIZUANHANUD IS AB N AITNT WANNGIanad FuRUAUA I uF Uiy




46
A o I ? dy a = A I ] Y a0
nanvazitlurug o ieiuazideaun naimzvsevgallunry ladie Tannungugs
1 Y [ a Q’ = 91:: = 1 o 1 a a
ualdmduilse@nsanuduldda Januaasdumzlszune 27 unasvesiuauaIl
ludszima'lne Tunanansliunaswdafdaniaaszys sy uazi1wys dauniald
= ' a Ao v = a A = J A o
VUMAIHAANIINIAUATATEIINI Y Hazaval HuAuaIuleddllsznoumanl aanaaaly
~ & Y an 4 . 9 a A o
M5N 2.8 Hlsznouale Fanou laoen lua (Si0,) Sovaz 54-60 ozqiittionenn lud
I 4 7 4 a 4
(ALO,) $o8az11-16 nazioisnoon laa (Fe,0,) Sooaz 4-5 (13 Tanl adunsilyan, 2538;

U @H’Jhl‘ﬁﬁﬂ, 2550; Martin Marietta Material, 2004)#

A1519% 2.8 AuilseneumanlueIiUAUAY

Y5118 ($ewaz)
druilszney Martin Marietta @i and adiuni | ewsanlsad

Material (2004) Uy (2538) (2550)
Fanou'laoonlad (Si0,) 58-60 58.10 54.42
pvgiidiouoen lad (ALO,) 14-16 15.40 11.49
osineonlud (Fe,0,) 4-5 4.02 4.68
wlesSaoanlesd (FeO) 2-3 2.45 2.30
uuamilaeen lad (MegO) e 2.44 2.00
unadueen lud (Cao) 3-4 3.11 10.97
TasiRonoonlee (Na,0) 1-2 1.30 0.38
Twunendoneon las (K,0) 3-4 3.24 1.79

d
271 aslvdselamivesrivauaiy
a a o 9 4 Y ' 9y o
wuﬂumummmmmhﬂiﬂwumamufmﬁmmm U 1B AN
= o q Y a a I 9 dyq a v [
ﬂ"usmuuﬂ “lﬂuqmmmammm uazers1un 11uay wonnntruaua v uLviasasay
1 a ) 9ol % 4 o 0'.1 ’é v
1041 Ta 51281 W30 1UHY (Coal) 819 Wudr1 11T naziiorir lnauaz 1duniu 335 en
1 = g L% . (-7 Q‘ g.ll
HUAUAIUHAUUINY (Ol shale) (NTUNTNEINTFIAL, 2548) Ty umeaguaanads iy
I~ o A A I [ @ [ @ o a ]
"lﬁ’nmiumuﬂumuuﬂﬁﬂmﬁ@@ﬂw wu Tulasau Weaesa Taveminwsiinag 9 1Ay
Ay = Yo Y a ¥ o X Y3 o
qIOU NNITANHIVDI Al-Qodah (2000) Idiudrvoariuringu (Shale oil ash) uﬂmﬂum@ﬂ
v 9 = = a A = . . = . 1
FUAG0UIoANN 3 ¥UA AO & Drim yellow-K4G, Drim blue-KBL & @ Drim red K4BL WU

I = = = 9y A so’ o dg’ (% % o <3 1
@@]5’]ﬂ’]§ﬂﬂ“]§°ﬂﬁﬂﬂu3LL@ﬂVW\lSU'ﬂ\ufnﬂuu1uumu@ﬂﬂﬂﬁzazna1ﬁuﬂﬁ anusa lumsve

U




47

a ¥ o

a Y v a9 Yo A v W <
Haggurgy Iﬂﬂlﬂ'lsll’l’]\‘lﬂuu?ﬂuﬁ?ﬂ?ﬁﬂﬂﬂ“ﬁﬂﬁﬂﬂmllﬂﬂlll@ﬁzf]z!ﬂﬁ”lﬁllﬂﬁ AITULI

A X '

Tunisiven nazgungiinudu uanNua I lunMITgaTuanauls YU IAYEIA1TgATY

)}

' Y Y
{NAY UONIINH Paikary, Banerjee, and Mukherji (2005) lath#iuauaivinlelumsiia
e 151wiin WU AuAuauawsolumsgadueriwiineglueie 0.07-135 Tadnsureniw

= . Y o = =
HAZINNITANYIVDY Drizo et al. (1999) llﬂ‘i/nﬂ?ﬁﬂﬂﬂqiﬂfll‘]_r%El‘]JW]fJ‘Uﬂ'JTJJﬁ']?J"IiﬂlHﬂ']ﬁE]ﬂ

3 [ y o < (J ¥ {0 ¥ a Y o a 1 '

Furleaesamieit U lniudinarsluiuiguninlssanvesTagaadusiiaaie q Tdun
4

Buxite, Light Expanded Clay Aggregate (LECA), fiuiu idiaoe #iuauaiu uazdlolad

a a o

WUNHUAUA Az Buxite Munsagadurleaneiagaga 730 az 350 vaaniuneanesane

'
[ o v A

a a a A s a
Alaniu awdey iesuaniivivesiuauauiioon leavesegiitioy uaaidow uag

< A A o 1) 9 dyw A a a
man Nianudwsagaguearesald venvinlidanunisainisonsgaula

a a 9 =\ o o 9 ya Y 9 4
vuruauaula uazglimsiannvesdiaulaau uazsinlaa vazldnianisalerguesszuy

saq Ya A I % 1 = = .
slsnuauauiluainaid WUDIYUDITLUUILFING 20 1 (Drizo et al.,

a3 £}

wguﬁﬂjuﬁwﬂﬁzﬁy
2000) HBNIINTVINNITVET 8131 A12HAN (2550) laanuanuansalumsgaduues
fiudua nasteseiiinademsgadunyn duauauiianuannsalumsgadu lumsn
TuTasiou vazueuTudleluTnsi01 0.143 2uaz0.166  Taaniudenuaud sy vonaini

danwawnsalumsgaduoas Invodnn 0485 Haaniuaeniy uaznadevilsz@niam
-

9 v
Tumsmidalulasou vazdearesavesiivauaiuluyasiaosiiunguniilseasg Tao

q

SeumeunuaINaNsiansIn Hagng e nuNHuaALaIuNnVIaNdssansmnlumsima
I'd T W a
Twasn'luTasu veuTudls luTasnu tazoss Invemilaldaniidinaeriianiia uay
= ala 9 =4 o w [
318 NMaAnyIved Uans BTudw(2554) maanviguganiams lumsmiaeanoiaues

¥ N %} a 4 A a % a a [ [
iwuﬁuﬁwmﬂﬁmygtmu”lwa“lﬁ/maumamaﬂmwuaumu NUNTATIUNITAS TN

'
A 3

(% ) dy a 4 % a a = [
Woaosamalugaszuudiaosnunguinlszasguesdinaniuauauinsleaesa

Q

A o ¥ Ay A ¥
ALAUNAINANNTIDINS 68.41-99.71 ﬁzﬁm"luwmaﬂaz 4.58-20.27 uaz"lugﬂau € IvDYR

J

a a o w ) ¥ 1 g a
0.14-1333  uwazdsz@niamlunsiisadlefvesyasiaosszuunuiguiilseang

a3

yosanaiuauauiineglusiciesas 74.49-78.92 Mvaneaeialinoglusieiosas

o w A S A [ 1 9 I~ Y = ao 1
68.73-77.21 Llﬁ$ﬂ'ﬁ]ﬂ‘l/'ll;ﬂl'ﬂﬂllﬂ'lﬂg(luﬁln\ﬁ'f]f]ﬁg 57.49-61.98 f‘l]glﬂu]lﬂﬁ'ﬁ]']ﬂﬂ'lﬁﬁﬂH'I’JQEJWU'J'I
A a ~ o PR @ di’ A 2 a Y I VoA A =
Auauauaunsafzinnlniudnarslussuuiiuhgininlszavg Idiueded iilosnil

9
v A

AuANLAlUMIgATUA101115 nazisamIsonsyauTaldduuiuduaiu nnadl
J A a A aa 3 X~ Y A v a9
paA1lsznouMUAl 15U pxgiition Faneu wazman Faluud Iunazansagasuadon

"

o " i‘ { a U
w118 auwnsarh hiudnarsluszuuiiuigininlssavuazannsogaduddon1d

Q



48

272 MIgAFUvIHUANMIY

Y
A

AINANHUAUAIY VANHAULAVUANIINENIN 1B WUARITUNZ LAZAINIY

= 3

= & o A o W A 9 I Y d" [ a s A
WIU cmuluaﬂymzﬁuuwmﬂtﬂumimaﬂclemﬂumﬂmﬂuizuuwuwgumﬂimyg LIHBNYTN
@ Aal da S @ ' @ Aa
G]’Jﬂﬁ%‘]‘l/]ll‘wu'ﬂW’Ji]'lL‘W131]1ﬂﬂ‘JJﬂ’J'liJﬁﬁJ'lﬁﬂGl,uﬂ'liﬂﬂclf‘UﬂJ'lﬂ FIUAINAWNUANIUNTUGN

v ' g

= = < o o o i’ A a s A a1 1 o [
i]3llﬂ313J!,‘Vill'lg'ﬁllTIi]3LTJ‘L!G]’Jﬂﬁ'N'ﬁ'lﬂﬁllizﬂﬂwuﬂ"]gilu'lﬂigﬂ'ﬂﬁ IHNIINUFDII WA INTUY

a3

=

< { @ a o 1 a a o w o 2
1#o1met naziluferdevesndaunidsarzinanolsz@ninmmsiiavesdinaraiu uazdl

[

' ?:’ dy A % a A= a 1T A a ~

Haaon s lvaveiluszuuiunguiiidszavg 10u3dea19 9 wuIuauaIull
] =\ [ a9 < Y =
anwauselunmsgaguuen TuiionluTasau eaweia uazddon 1Wudu vinmsinun
1 dy A K a sAq JIa a I @

Y94 BUT1 A1 15A (25500 WU sruvAunguiiszavgnlgduananuiudinai
Hlszansmwlumstvauen Tuiion lulasnuedlurieiesas 52.95-69.06 Tasszansnim

o v A @ @ = Y @ I =
mMsmivamanndIna lasnisgadurey Tuiioy luTasnuaisanarziunisgada
Tooouvanvesdinars nazuonTudon luTasudiauisonanasulszquaniy

H 4

Tovouvanimzeguinunivesiina Wld wonsiniinmsAnyives sus1 a1 lsas (2550)
nag Vans uludu 2554) wundiuauanuamsngasueaeiala Tasgnaadu il

4
AINAN ﬂahlﬂf‘ﬂi@?\i HAagNITAAAANT L!E)ﬂ%1ﬂf!ﬁ“L!ﬂuﬂTLlEJQﬁﬂ’J']iJﬁTJJTiﬂGluﬂWﬁﬂﬂ“B‘U

a9 = = Y Yy I 1 v a2 Y = =
qYDY FINNNITANHIVOITIYII UNYUNA (2554) th’fﬂﬂﬂmuﬂﬂﬁ@ﬂ“ﬂﬂ’defJiJiLL’f)ﬂ‘Wl/\l

)}

a A 1% < o/ ) @
51]'E]\‘]‘Viu@uﬂ”luﬁﬁﬂyil!&ﬂuﬂ?iﬂﬂ‘*]fﬂllllﬂsﬁulaﬂﬁ Llﬁ$ﬂ3gﬂf’)’]_lﬂ‘]JNaﬂ”lﬁﬁﬂH”lNaﬂl@ﬂqmﬁﬂll

G

= U 4’ A A d? ~ o Y v A9 = = a A
GNW”LITJTL?J@QQ!‘HQNLW?JQ’QGUUIJNa‘ﬂﬂﬁﬂ’ﬂllﬁnﬂiﬂaluﬂ"li{:]ﬂ“]f“ﬂﬁﬂ@llill@ﬂﬂﬂﬂlﬂﬂﬁuﬂuﬂ"lu

2 2

A Y 1 v a9 A = A A I o AR
UAUNUUINVU Llﬁﬂﬂiﬁlﬁu’nfﬂi@@]“IﬂJﬁEJi’JlliLLE’JﬂT]WEU’E’N‘ViuﬂuﬂWul‘]Juﬂ"liﬂﬂ‘ﬂﬁJll‘]J‘]Jmll BN

nMsgaguInavINfnsennilszilitriezaoninaivesiuauauny Tuanavesddou

)

v A = 9

=] 9 a a I @ A v 9 1 =
5!,!,6?]1/]1/\] N1TAA uaﬂemmwuﬂummﬂumi@,ﬂmmmuﬂﬁzﬁgmmaﬂumm NANIND dUOV

U

)

< { : 1w a
Sueaivhidudniilszgay Felaseadnluanavesddoniuenfivazlinguda Tniin (-SO,Na)

! 4 % (2
oo 1 ngu ieddoisueniivlazaerinzuanda i ladon lovou (Na) naz Tuanaves

e

814

(o]

{ . Aa a 4 [V~ 4 1
douniilszaay (Dye-S0,) Aiuauauiiosnlsznoumaniivaniluais langoon lag ldun

)Y

SiO ALO

I 9 =< S A 9 Aa a A [
, 0, CaO uaz Fe,0, 1iludu dalanzeon ladniiviivesiuauauionglu

= ~ = AAa 9 a A a 9 +. o Y
asazaneddensennil ‘nmﬂuw'e'Nwu@u@mﬂzgﬂmuma”laiﬂmu“laaau H) ‘ﬂﬂﬁ
Aa 9 A a = o ya a P~ o 29
W’JWLH"U?J\‘]‘HHﬂuﬂ1uuﬁﬂ\‘]ﬂﬁ$ﬂﬂ’JﬂG]N‘V]111’7°Vi°L!ﬂuﬂTL!ﬁﬁﬂiﬂﬂ%%@.ﬂcﬁﬂimaﬂﬁﬂl@\‘iﬁﬂﬂw

Fueaiaailseyiuanld



49

2.8  Audo

painy : Audo

2D

4 a 14

¥oIneNeanT : Phragmites communis (Cav.) Trin. Ex Steudel

Y Y I A As aa 1 ~ 1 %,1 1 A =
ﬁu@@LﬂuWﬂfﬂﬂJj\ifﬂiﬂf?@]N'lﬂﬂ'J'] 2 TJ LASNUNMUADUININ LIUBIVNUISUUIN

e Taslnasinuessaussaiunsounsvesllldan 0.6-1  was amsadsediala

v
=

a o < { ' YA
gl 10-33 peruwaidod szauauANgeganisnu 1@ Ao 45 drulusiudiu (ppo nag

Q

Ao sfiiuzaueglusa 2-8 (Reed, Middlebrooks, and Crites, 1988) ANHAZVDIGIAY

a < < Yy o & 2 ' o N YY

UANHHUINEA N LL@ZHJLHJﬁ@\? ﬂﬁll’ﬁﬂ\‘lﬁlugﬂﬂ 2.17 u’ﬁ)ﬂﬂ1ﬂuﬁﬁﬂimlWi%EﬂﬂWH‘lﬂﬂﬂ’)ﬂ
< o . .

an L‘Ifi‘% w%mﬁu (Harris and Marshall, 1960; Galinato and van der Valk, 1986; Tucker, 1990;

Marks, Lapin, and Randall, 1994)
2.8.1 msl¥dszlavivesdudaluszuununyuiinszay

Q

3 a

¢
3
Y ¥ g A Aa 9 A A s A
m!amﬂuwku&ﬂﬂmzuuwumgmmﬂ‘smyﬁgm

a1hUaNad1TAIe 9 15U
= { & SO' I o U % 90’
Mianas Tswudunlualonlni1dan Bracckevelt et al, 2008) Maavsaesaaininde
¢ o ¥ 4. ¥ a <

YWY (Prochaska and Zouboulis, 2006) U3¢ Teaivanvesiylununguihilszavg Ao ms
o A a A 9 a A g}/ o Y o A

d1dgaeonTau lagszuusinisazandy 1 ludurIedunses Mildaruisaduaes

[ Y
2ONTHAU IAANNINNITE U0 NFIUNDAVUATUTIIUIIA INNITANYIVDY (Brix, 1997;
Y
Armstrong et al., 1999) H1UNAUTBAINNTOAIDONFIUNNFUUTTNMA AU TZU 8 0.02-12
[ Y
NSUDBNTIUADAITIIUATADIU FI9zVUBIAUAN VLU UYINS IUsZ DY HazUTu
Y

20nTHAU IUAUNTDFUNTDI (Reed, Middlebrooks, and Crites, 1988) 91ANTANYIUDI Akhtar,
. o 9 dy A 4 . 1 o w

Khan, and Husain (2005) aungssAuanTiou e peroxidases (POD) WU INITONIIA

Y

Fdou Reactive Red 1@y Reactive Blue 4 1a08190se@nTnn uonaniianisenia o
A Y I VA A . o v A 9Y = AR Y a

Muaaaldriunnwnil peroxidases (POD) ansamsaddoulunguitoniinl Fuiluddousiia

wﬁﬂumjn%%mah"lﬁ'(Bhunia, Durani, and Wangikar, 2001; Shaffiqu et al., 2002) 910

a o o ¥ A % a 4

U380 Davies et al. (2009) ldvimsanuina lnvesdudeluszuniungninlszaug

A o w A Y a [ A a Y A 9o’ = [ I 9
LW@f‘lﬁ]ﬂﬁﬂﬂM@T“]ﬂ@“}fﬂ ﬂﬂllﬁﬂﬂugﬂ‘ﬂ 2.18 ﬁ’nﬂﬁﬂ@‘ﬁﬂ?ﬂllﬂ’ﬂlili’)uﬂﬁﬂﬁ\‘]Lﬂi”lz‘ﬁﬁﬂ’f)u

e

TR {

a J f { a s
10 T10%a (Acid orange 7) 1ingszuunuguilszavgnimslgnduse meluszuunun

q
Y

] o a 4 a o a Y] 1 [ a
Glgﬂu'lﬂﬁgﬂyﬁﬂglﬂﬂﬂﬁgﬂjuﬂ'ﬁ‘ﬂ'lﬁ']ﬂﬁ'ﬁwy (%gau) fi]']ﬂﬂﬁ$TJ'JUﬂ'lﬁﬂ\iﬂa']'J’ﬂgﬂ@Glﬁllﬂﬂﬁ'lﬁ
’Olgll“ﬁaﬁ T superoxide ion (02'3, Hydrogen peroxide (H,0,), Hydroxyl radical (OH) (Asada,

A d’! o Y Lg A %’ a d Aa =S a o . .
2006) LW?J‘UHTH?%‘UU ﬂ?alﬁizﬂllwu‘ﬂsljlllll']ﬂSgﬂﬂﬂlﬂﬂﬁﬂ'nzlﬂiﬂﬂﬂﬂﬂ“ﬂlﬂ%’u (Oxidative

A A A [ A a Y a Yy 9 A
stress) A9 ffﬂ"l?lg‘ifll,ﬂﬂﬂfnllUlllffllﬂﬁﬂl@\i‘]_]ﬁﬂm@uy’ﬁﬂﬁiz HAgEITAUDIYNADATE AUDDN

Ugnluszuufionlaidueyyadaszivu superoxide dismutase  (SOD)  catalase  (CAT)



50

peroxidase (POD) 48 glutathione peroxidase (GPX) (Mittler and Zilinskas, 2003; Halliwell and

{ o a % d
Whiteman, 2004) fivza@mnsainaseyyasdss 1d sueu lafegluly nazsinvesdude are

o

A9 9~ P a = Yy 9 o aa ' 2 o ) Y
L‘H&ﬂ1/]G]Llf]’f)‘lll,ﬁ]Llll‘]fil‘VWI']‘Llﬁ]HisljaE]ﬁ"i$‘N“I/I']Gl‘ﬁGlLl’f)’f)fﬂi]"li0ﬂWiQ%’Jﬂﬂgiulﬂlﬁﬂwﬁ]ﬂﬂﬁ]Mqﬂ
dy 4 . Aa 1 Yy Y S o o w o v a9
u@ﬂmﬂumu“lw peroxidase (POD) ‘VI‘JJ’EJQIHG]‘L!’O@‘L!H fNﬂ’ﬂﬂJﬁTﬂiy_Gluﬂﬁﬂﬁ]ﬂﬁﬂﬂjJ
=

A L4 . = o w a =
m’mmmau"lmu peroxidase nanuansalumsmiadises Isunanedu Wuea wag

#alwiue (Azevedo et al., 2003; Veitch, 2004) Faansaanarniusenilsznouvesddon 391

[ [

4 o . a
Tiou eyl peroxidase awnsamiaddonld (Davies et al., 2005) FIANAMTANHINUITY

H 9
1 1 v v

4 . A o w
nruwuauseiioulad peroxidase (POD) Fallgaaruiialumsmiiadio la'la aetiu

)

Y Y KX A A 1 o w A Y Y
@]‘LJE]E]"N?JQ‘ENﬁiI‘]JGﬂHﬂﬁGlfilﬁlﬂﬁ]ﬂﬁﬁlﬁmvlﬂ

9
druaae lslaa lulunsiu aunsaldlszivanneanuaalnfve any

= = [

1 A a YA @ 4 9 A [] [ 4

W maisnaanzlumaes e vz linsdunnzivasldanas vie isusadauney
' a  J X v o 1y ¢

paeldimsz lifinae IsWlad Helianuduiuinisoeunvoulal peroxidase Tuluvesiiy Tag

] a k4 o 4 v U J . o 4

winiy litinae IsWad vz duaszduadluld denalionlasl peroxidase anas 14

dude lumunsamsadden'la

511 2.17 dnyazsINua S IAUUDIRUBE (Vymazal and Kropfelova, 2007)



51

Phragmites “senses” AO7

phytotoxicity by the enhancement

of ROS production at foliar level

AQ7 HO ROS-scavenging enzymes

272 —_
synthetic oH > gene over-expression in leaves
wastewater 0, and roots (GPX, SOD and

Outlet CAT) enhancement

“—

(depth control)

Production of enzymes (e.g.
POD) able to eliminate AO7
and by products from roots and

Pumping leaves (Davies et al., 2005)

AOQOT7 only nutrient source

reservoir . . .
(High oxidative stress conditions)

' Indirect methodology showing that P. australis produces ROS in

the presence of AO7 by measuring the accumulation of mRNA
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T ean 95.02
= 0.043




U 4. MIANHIANTAAMNVDITZULNUY SF-FWS (C) VOIYANMINARITN 1

203

m0.2)
v (02) [(0.2%0.35)+0.5] ‘
FWS; Ty =—= —2 — 280 U= 6720 %1 1ua
Q 0.00639
(0.2
v Q[(oss X0.70)] '
SF; Ty = — = 4 =120 fu= 28.80 ¥2Tu9
Q 0.00639
00 SN UAURnTIN = 96 3TN
D t.CAL, 790.495 B
SF; L= =1 = = 31.04 %2119
2CAt, 25.463
2 t.CAL, 4465.017 :
FWS; T, = it MY LA S [ = 6228 %2119
2CAt, 71.695
T 993200 = n  31.04+6228 = 9332 977w
2 —
t7C; At 28265.085
SF; o’ = L——Tﬁneaf T 1 —31.047 = 146.56
> C.A 25.463
2 —
HOAY: 342171.829
FWS; ©° = ZJ‘*—Tﬁnean: T | —62.287 = 893.80
> C A 71.695
G’ 3 9 146.56 +893.80 1= 1040.36
2
c 1040.36
2d + 8d’ 4 2 = 0.119
Tiean 93.327
d = 0.050
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U 5. MIANHIANTAAMNVRITZUVIUY FWS-SF (P) VOIYANINARDIN 2

FWS; T

Qo<

theory

SF; T =

A%
theory 6

b4
v @

FWS; T =

mean

SF; T =

mean

9
T JAINMITSUY 5

mean

2

FWS; (@) =

SF; o’ =
c 57
2d + 8d°

3 o o
JUU T UNUNNTIV =96 GIf'JIlN

7(0.2 )
(02) [(0.2%0.35)+0.5] ‘
4 = 2805u= 67.20 %2 1u4
0.00639
(0.2 )
Q[(oss X0.70)] '
- 4 ~1.20 U= 28.80 %2114
0.00639
D t.CAL, 3903.359 :
—1ia 7~ 69.59 90 1ae
2CAt, 56.091
2 t.CAL, 741565 :
it W L (R = 2613 %139
2CAt, 28.383
69.59 +26.13 = 95.72 %1114
2 —
¢ e | 2P 69502 = 77274
> c A, T 56.091 ' '
2 —
L5 2= | B0 o132 < 1543
NG =% 28.383 ' '
q 77274+ 15843 1= 931.17
c? 931.17
] a = 0.102
2 2
T ean 95.72
- 0.043
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m0.2)
v (02) [(0.2%0.35)+0.5] ‘
FWS; Ty =—= —2 — 280 U= 6720 %1 1ua
Q 0.00639
(0.2
v Q[(oss X0.70)] '
SF; Ty = — = 4 =120 fu= 28.80 ¥2Tu9
Q 0.00639
AU TEoAUNUANITIN = 96 F2 134
2 t.CAL. 767.597 B
SF; L= =i = = 312599
ZCiAti 24.564
2 t.CAL, 3783.916 .
FWS; T, = —gn - T = 62,93 %01
2CAt, 60.131
T, 53N = 31.25+62.93 = 9418 $2Tu
2 —
t7C; At 27422.536
SF; G’ = L—l——ﬁnean: ST 1 —31.257 = 139.81
Y.C.At 24.564
2 —
tGA 290514.022
FWS; G©° = ;il*—Tﬁneaf T 1 —62.937 = 871.17
Y.C A 60.131
G5 = 139.814871.17 = 1010.98
P
o] 1010.98
2d + 8d’ = n = 0.114
2 2
Tiean 94.18
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7(0.2)?
v (02) [(0.2%0.35)+0.5] ‘
FWS; T, = e 4 o063 = 2.80 7= 67.20 %2103
(0.2
v Q[(oss X0.70)] '
SF; Ty =5 ° 4 s =120 Tu= 28.80 %219
AU TEoAUNUANITIN = 96 F2 134
2 t.CAL. 3752.131 B
FWS; L= =i T = 68.88 9T
2.CAt, 54.478
2 t.CAL, 747.616 3
SF; T, . = =Ha - = 2661 %213
2CAL, 28.092
T, S9N = 68.88+26.61 = 9549 32Tu
2 —
t7C; At 304236.702
FWS; G’ = L—l——ﬁnean: T | —68.887 = 840.12
Y.C.At 54.478
2 —
A 24627.590
SF; c’ = ;il*—Tﬁneaf ST 1—26.617 = 168.58
Y.C A 28.092
G5 = 840.12+ 168.58 = 1008.70
P
o] 1008.70
2d + 8d’ = n = 0.110
Tiean 95.49°
d = 0.046
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FWS; T

Qo<

theory

SF; T =

theory

v
Q

m(0.2)?

[(0.2%0.35)+0.5]

= 2.80 7= 67.20 %214

0.00639

7:(042)2[(0.35 X0.70)]

~ 120 5u= 28.80 %2 Tu4

v & 3 o o
ANUU F2YSINUNUNNTIN =96 "]ﬂjﬂ\?

SF; T =

mean

FWS;

mean

9
T JAINMITSUY =

mean

2

SF; e) =

FWS; o’ =
c’3m
2d + 8d°

0.00639
2 t.CAL. 780.811 3
i RS W = = 31.62 92134
ZCiAti 24.696
> t.CAt. 3696.242 o
— 11y = T = 623692104
2CAt, 59.275
3162+ 6236 = 93.98 %1114
2 -
ZtiCiAt_T2 _ 28196723 o 40
YcAr T 24.696 ' '
2 .
M—TZ _ [2st01a204])_ o
W7 AT 59.275 ' '
/ 141.934 852.08 = 994.01
o? 994.01
- = = 0112
Tiean 93.98
= 0.047
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m0.2)
v (02) [(0.2%0.35)+0.5] ‘
FWS; T, = e 4 o063 = 2.80 7= 67.20 %2103
(0.2
v Q[(oss X0.70)] '
SF; Ty =5 ° 4 s =120 Tu= 28.80 %219
AU TEoAUNUANITIN = 96 F2 134
2 t.CAL. 3731.456 B
FWS; L= =i T = 6870 %1
2.CAt, 54.318
2 t.CAL, 775.985 .
SF; T, . = =Ha - = 2718 %19
2CAL, 28.548
T 99I2UY - =, 68.70+27.18 = 95.88 %2Tu
2 —
t7C; At 297333.133
FWS; G’ = 224G Thean = | ————— | —68.70> =754.24
Y.C.At 54.318
2 —
A 25735.735
SF; c’ = ;il*—Tﬁneaf ST | —27.187 =162.74
Y.C A 28.548
G5 = 75424+ 162.74 = 916.98
P
o] 916.98
2d + 8d” = = = 0.100
Tiean 95.88”
d = 0.043
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m0.2)
v (02) [(0.2%0.35)+0.5] ‘
FWS; Ty =—= —2 — 280 U= 6720 %1 1ua
Q 0.00639
(0.2
v Q[(oss X0.70)] '
SF; Ty = — = 4 =120 fu= 28.80 ¥2Tu9
Q 0.00639
AU TEoAUNUANITIN = 96 F2 134
2 t.CAL. 753.941 :
SF; L= =i = = 30.54 %219
2.CAt, 24.689
2 t.CAL, 4573.808 .
FWS; T, = —gn - T = 6475 %I
2CAL, 70.636
T 99I2UY =, 305446475 = 9529 %9109
2 —
t7C; At 26489.715
SF; G’ = L—l——ﬁnean: T | —30.547 = 140.24
Y.C.At 24.689
2 —
A 359059.905
FWS; G©° = ;il*—Tﬁneaf ST | —64.757 = 890.68
Y.C A 70.636
G5 = 140.24+ 890.68 = 1030.92
P
o] 1030.92
2d + 8d’ = n = 0.113
Tiean 95.29
d = 0.047
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U 11. MIAPHIANTAAMNVDITZULNUY FWS-SF (C) VBIYANIINAADIN 3

7(0.2)?
v (02) [(0.2%0.35)+0.5] ‘
FWS; Ty =—= —2 — 280 U= 6720 %1 1ua
Q 0.00639
(0.2
v Q[(oss X0.70)] '
SF; Ty = — = 4 =120 fu= 28.80 ¥2Tu9
Q 0.00639
AU TEoAUNUANITIN = 96 F2 134
2 t.CAL. 3487.101 B
FWS; L= =i = = 66.73% T
2.CAt, 52.259
2 t.CAL, 809.592 3
SF; T, . = =Ha - = 2773919
zCiAti 29.193
T, S9N = 66.73+27.73 = 94.46 52T
2 —
t7C; At 272338.991
FWS; G’ = L—l——ﬁnean: S | —66.737 = 758.44
Y.C.At 52.259
2 —
A 27305.109
SF; c’ = ;il*—Tﬁneaf S | —27.737 = 166.38
Y.C A 29.193
G5 = 758.44+ 16638 = 924.82
P
o] 924.82
2d + 8d” = = = 0.104
Tiean 94.46
d = 0.044




U 12. MIAPHIATAAMNVDITZULNUY SF-FWS (C) VBIYANIINAADIN 3

211

7(0.2)?
v (02) [(0.2%0.35)+0.5] ‘
FWS; Ty =—= —2 — 280 U= 6720 %1 1ua
Q 0.00639
(0.2
v Q[(oss X0.70)] '
SF; Ty = — = 4 =120 fu= 28.80 ¥2Tu9
Q 0.00639
AU TEoAUNUANITIN = 96 F2 134
2 t.CAL. 778.168 B
SF; L= =i = = 3124 %9
2.CAt, 24.908
2 t.CAL, 4177.899 .
FWS; T, = i MRV = 7 = 6264519
2CAL, 66.691
T, 59N = 31.24+62.64 = 9388 32T
2 —
tC, At 27968.443
SF; G’ = L—l——ﬁnean: S 1 —31.247 = 146.93
Y.C.At 24.908
2 —
A 325724.869
FWS; G©° = ;il*—Tﬁneaf T | —62.647 = 960.32
Y.C A 66.691
G5 = 146,934 960.32 = 1107.25
P
o] 1107.25
2d +8d” = p : = 0.126
2
Tiean 93.88
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A1519% A.1 HANINATOUNINEDA Independent Test V9IANULANANMIUTEANTNIMNTTTA

=

a I a 2 A Ao a A Jd
a150uNn3dluglaToq tazdTod NOATINITLUIINNAIITDUNI S 97.36-127.31

a o J o
nlansud Tod/(18nuns.u)

= = =\ =
%109 7iTe@
STUVLUY

Sig. HANITNATDUY Sig. NaN1INAa U

FWS-SF (P) N1 SF-FWS (P) 0.000 | WUANULANAI 0.000 | WUANULANATI

FWS-SF (P) N1 FWS-SF (C) | 0.000 | WUAMUUANAIY 0.000 | WUANNUANA

FWS-SF (P) N1 SF-FWS (C) | 0.000 | WUAMUUANAI 0.000 | WUANNUANA

A1519% 7.2 RANMINATOUNNEDA Independent Test Vo IANNLANANMIYTEANTNIMNTThTA
a A = = ~ A Ao a A
a13ounIgluglaTen uazliTon NONTINITLUITNNTITOUNT I 203.50-252.34

a o J o
nlansudTea/(anuas. 1)

IUULVY

Sig. WanN1INAT oY Sig. NaN1INAa U

FWS-SF (P) N1 SF-FWS (P) 0.000" 1" WUANULANA 0.000 | WUANULANATI

FWS-SF (P) N1 FWS-SF (C) ‘| 0.000 | WuaAMuUANAI 0.000 | WUANUUANA

FWS-SF (P) N1 SF-FWS (C) | 0.000 | WUANLUANAI 0.000 | WUANUUANA

A1519% 7.3 #ANMINATOUNMIFOA Independent Test Vo IANNLANANMIUTEANTNIMNIsThTA

=1

a I = a A Ao a A o
a13ounIgluglaTon uaglilod NN 1015 UITNNAITOUNI I 386.82-477.38

a o J o
nlansud Tea/(anuns. 1)

=S =S =\ =
%109 TGE
STUVLUY

Sig. HANITNATDUY Sig. NaN1INAa U

FWS-SF (P) N1 SF-FWS (P) 0.000 | WUANULANAI 0.000 | WUANULANATI

FWS-SF (P) N1 FWS-SF (C) | 0.000 | WUAMUUANAI 0.000 | WUANUUANA

FWS-SF (P) N1 SF-FWS (C) | 0.000 | WUAMUUANAI 0.000 | WUANUUANA
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A15199 1.4 HANINATOUNNEDA One Way ANOVA vosanuulsdsiumissansamms

IS v a

o w a o = = a A A J 1 o
mmmﬁaumﬂiugﬂﬂa@ !,Lﬁz‘]ﬂ’f)ﬂ NOAITINITEUITINNTAITOUNTYUANANNU

% o9 STGE
FTUULY
Sig. NAN1SNATAD1 Sig. NAN1INATAD1
FWS-SF (P) 0.001 NUANVUANA 0.033 NUANVUANA
SF-FWS (P) 0.000 NUANUUANA 0.036 NUANVUANA

A1519% 7.5 HANINATOUNINADA Independent Test V9IANULANANMUTZANTNIMNTTITA

Fdou NANUTUTUTEDY 56.48-63.56 Pt Co

adou
FTUULLU
Sig. NANTNATD
SF-FWS (P) i) FWS-SF (P) 0.000 NUANWUANA
SF-FWS (P) N1 FWS-SF (C) 0.000 NUANVUANA
SF-FWS (P) N1J SF-FWS (C) 0.026 NUANNUANA

A1519% 1.6 KANINATOUNNADA Independent Test V9IANULUANANMYTZANTNIMNTThTA

Fdou NaNuIuTUREON 118.61-130.55 Pt Co

adow
STUVLUY
Sig. NANITNATDL
SF-FWS (P) i) FWS-SF (P) 0.000 WUANVULANA
SF-FWS (P) 1) FWS-SF (C) 0.000 NUANWUANA
SF-FWS (P) N1J SF-FWS (C) 0.000 NUANNUANA

A1519% 1.7 HANMINATOUNINTDA Independent Test V9IANULANANMUTZANTNIMNTTITA

Fdou NaNuUTUIION 239.28-258.39 Pt Co

adou
FTUVLUY
Sig. NANITNATDL
SF-FWS (P) 11 FWS-SF (P) 0.000 NUANWUANA
SF-FWS (P) 1) FWS-SF (C) 0.000 NUANWUANA
SF-FWS (P) N1J SF-FWS (C) 0.000 NUANNUANA
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A5 7.8 HANTNATOUNNADA One Way ANOVA vosanuulsdsiualseansninms

o o Ay = Y 9 Y v o
VIUATIDN NANNUNUUFTYDULUANATNNU

adou
FTUULY
Sig. NANINATDL
FWS-SF (P) 0.000 NUANVUANA
SF-FWS (P) 0.010 NUANVUANA

A1519% 1.9 HANINATOUNNADA Independent Test VoIANUUANANAUsEANTNIMNMSTITA

Woawosa Nonsimszussnnoaoda 18.07-21.41 Alaniu

oaloSa/anuas. )

Woanesa
FTUULLU
Sig. NaN1INATAD1
SF-FWS (P) 11 FWS-SF (P) 0.000 NUANWUANA
SF-FWS (P) N1J FWS-SF (C) 0.000 NUANVUANA
SF-FWS (P) N1J SF-FWS (C) 0.000 NUANVUANA

A151990 A.10 HAMINATOUNIETDA Independent Test YDIANUUANANAIYTLANTNINMNS

faeanesa nennmszussnnilearesd 38.95-41.60 Alansw

WoawoFa/Gdnuns. )

Woavosa
ISUULUD
Sig. NAN1INAgaU
SF-FWS (P) 11 FWS-SF (P) 0.000 NUANWUANA
SF-FWS (P) N1 FWS-SF (C) 0.000 NUANVUANA
SF-FWS (P) N1J SF-FWS (C) 0.000 NUANVUANA
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A1519% A.11 HAMINATOUNNEDA Independent Test YDIANMUANANAIYTZEANTNINNT
janeanesa nonsmszussnnvleaesa 80.28-85.57 nlan3wy

WoawoFa/Ganund. )

adou
STUULUY
Sig. Han1snaael
SF-FWS (P) N1 FWS-SF (P) 0.000 NUANNUANA
SF-FWS (P) N1J FWS-SF (C) 0.000 NUANWUANA
SF-FWS (P) N1J SF-FWS (C) 0.000 NUANWUANA

A1519% A.12 HAMSNATOUNNEDA One Way ANOVA vosanuudsdsiumssansninms

iianeaesd nonsimszusinnleaneiauanaianu

Woavesa
FLUVUDY
Sig. NANISNATDL
FWS-SF (P) 0.040 NUANVUANA
SF-FWS (P) 0.035 NUANUUANA

A1519% A.13 HAMINATOUN T DA Independent Test YDIANUUANANAIYTLANTNINMNS
o w = < = A o
htia luTasulugUiadu uazuonTuiisluTasnu Noasimszusinn

Tulasau 75.56-83.76 0 lanFu TuTasnu/aanuas.5u)

= < =
NniALtow LL’E]‘JJIM‘L!EJ

EEAINIISN MY
Sig. HaNIINATDY Sig. wHanN1InNagoy

FWS-SF (P) N1 SF-FWS (P) 0.000 | WUANUUANAI 0.000 | WUANUUANA

FWS-SF (P) N1 FWS-SF (C) | 0.000 | WUAMUUANAI 0.000 | WUAULANAI

FWS-SF (P) N1 SF-FWS (C) | 0.000 | WUAMUUANAIY 0.000 | WUAULANAT
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A1519% A.14 HAMINATOUNNEDA Independent Test YBIANMUANANAIYTZANTNINMNT
o w = <] = Ao
i luTaswulugliaou vazuen Tuiielulasou Hoamszuisnn

TuTasau 162.60-173.22 Alansu'lulasu/aenuas. 1)

= < =
NniAdU LL@?JI%JL“L!EJ

EEA TSN INT]
Sig. HANITNATDUY Sig. HanN1INAgaoy

FWS-SF (P) N1 SF-FWS (P) 0.000 | WUANULANAI 0.000 | WUANULANATI

FWS-SF (P) N1 FWS-SF (C) | 0.000 | WUAMUUANAIY 0.000 | WUANNUANA

FWS-SF (P) N1 SF-FWS (C) | 0.000 | WUAMUUANAI 0.000 | WUANNUANA

A1519% A.15 HAMINATOUNNEDA Independent Test YDIANMUANANAIYTZANTNINMNT
o W ~ <] = A o
htia luTasnuluglimeu vazuon TuiisTuTasnu Noasimszusinn

Tulasiou 317.38-351.57 nlansululasow/Ganuas )

= < =
Nninlou LLE’JZJI?JL“L!EJ

EEANIINNIN
Sig. WanN1INAT oY Sig. HanN1INAgoy

FWS-SF (P) N1 SF-FWS (P) 0.000" 1" WUANULANA 0.000 | WUANULANATI

FWS-SF (P) N1 FWS-SF (C) ‘| 0.000 | WuaAMuUANAI 0.000 | WUANUUANA

FWS-SF (P) N1 SF-FWS (C) | 0.000 | WUANLUANAI 0.000 | WUANUUANA

A1519% A.16 HAMINATOUNINEDA One Way ANOVA wasanuudsdsiumssansainms
o W ~ < ~ A o
1htia luTasnulugmdnuazienTudislulasnu Noasimszusinn

TuTaspuuanaiany

Madu won Tuiile
FTULLDY
Sig. NANINATDL Sig. NANINATD
FWS-SF (P) 0.078 Tunwuanuuanaa 0.009 NUANVUANA
SF-FWS (P) 0.000 NUANVUANA 0.000 NUANWUANA
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A o
1. NMINIANNEINAUNHNIC TN

A13197 4.1 A1 Absorbance NAVIIAAUAN )

AMNYIAAY (uﬂumm) Absorbance
460 0.050
465 0.052
470 0.055
475 0.056
480 0.052
485 0.048
490 0.044
495 0.042
500 0.040
0.06 —|— L | I | B
e —
0.05 —— D oamr | = N
8 004 — Yo S =0 N\ S~——
g
2 003 —SEERERERERRN
2
2002 - | J
0.01 —+— 111k Evyvmgs i L. 1114
0 | | T T T ]
450 460 470 480 490 500 510

A
AIUYIIINAU (uﬂumm)

= A A
:.j“lJ‘I/] 3 1 anuygnIAaUNiuIeay

4
[ Y

WUANNINIAAUNMINZ Y A 475 W1 TUINAST
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2. msmasviiaanuINTIuved

NTUNIT y = 0.000279x-0.000758

farududud s fadnsuneans 0.031 = 0.000279x-0.000758
x  =113.828 PtCo

fianuusud 10 Saaniuneans 0.062 = 0.000279x-0.000758
X =224.939 PtCo

farundudud 15 faanudoans 0.093 = 0.000279x-0.000758
x | =337.245PtCo

fiarndudud 20 faaniudoans 0.125 = 0.000279x-0.000758
X =450.746 PtCo

fanududud so faanfudoans 0.309 = 0.000279x-0.000758
x ) =1112.633 PtCo

o & Y= 9)

G 3 2 o Jq Y Y= 9) 9y 9 a a o 1
ﬂﬂuuiuﬂﬁmiEJ?JH”I‘VNET\‘IL?ﬁWﬁ“l‘Hhlﬂﬁf]ﬁ]ll 250 PtCo Glﬂfﬁflf’)llﬂ’ﬂmslmﬁllu 11.5 Haansuane

ansg

3. Aeenamsuilasrivigaln PtCo 111 NaanSuaeans
%’ Y a2y A o Y I L] A a o 1T A =1
PNz VVNFI0NAY 60.065 PtCo a3 lviiluvileiaansunsans lagiey

o L2 4
A lasensn

o

I, @ ) Yy Aa o 1 a
UIMIFAUATIEH 250 PtCo «lﬂfﬁamlmnu‘lmsuu 11.5 HaanIuaoans

b4
v

g 9 a9y A Y 9 Yy 9 Aa a o 1T A
JUUUBVITEUVUFIDURAY 60.065 PtCo l¥adounnuiniu 2.763 YAaanNIUNDANT



HNNANHIN D

AMANNAMNIFDUMIAATUT 1IN | VOIRUAUAIY



222

a15199 0.1 manuansalumsgaduddonvesiuauaiu Nanududu 56.48-63.65 PtCo

I Y]
Wunan 40 M

. anugudniud anuudniesn
i C,-C, anuansnlunmsgaduddon (me/g)
©) ©)

0.620 2.198 0.0017

4 2.818 0.564 2254 0.0017

0.454 2.364 0.0018

0.125 2.638 0.0020

8 2.763 0.235 2.528 0.0019

0.125 2.638 0.0020

0.180 2418 0.0018

12 2.598 0.125 2473 0.0019

0.125 2.473 0.0019

0.125 2572 0.0019

16 2.697 0.125 2.572 0.0019

0.125 2.572 0.0019

0.125 2.638 0.0020

20 2.763 0.125 2.638 0.0020

0.125 2.638 0.0020

0.125 2.687 0.0020

24 2.812 0.125 2.687 0.0020

0.125 2.687 0.0020

0.125 2.523 0.0019

28 2.648 0.125 2.523 0.0019

0.125 2523 0.0019

0.125 2.803 0.0021

32 2.928 0.125 2.803 0.0021

0.125 2.803 0.0021

0.125 2.737 0.0021

36 2.862 0.125 2737 0.0021

0.125 2.737 0.0021

0.125 2.523 0.0019

40 2.648 0.125 2.523 0.0019

0.125 2.523 0.0019

inae 0.0019
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M50 1.2 manuansalumsgaduddouvesiuauaiu Aanududu 118.61-130.55 PtCo

I Y]
Wunal 72 M

o Anuuduind anududuitean oy
il C,C. anwannsalunmsgadudden (me/g)
©) ©)

0.125 5.770 0.0043
44 5.895

0.125 5.770 0.0043

0.125 5.441 0.0041
48 5.566

0.125 5.441 0.0041

0.125 5.386 0.0041
52 5.511

0.125 5.386 0.0041

0.180 5.441 0.0041
56 5.621

0.290 5.331 0.0040

0.125 5.551 0.0042
60 5.676

0.125 5.551 0.0042

0.125 5.441 0.0041
64 5.566

0.125 5.441 0.0041

0.125 5.826 0.0044
68 5.951

0.125 5.826 0.0044

0.125 5.770 0.0043
72 5.895

0.125 5.770 0.0043

0.125 5.496 0.0041
76 5.621

0.125 5.496 0.0041

0.125 5.386 0.0041
80 5.511

0.125 5.386 0.0041

0.125 5:880 0.0044
84 6.005

0.125 5.880 0.0044

0.125 5.496 0.0041
88 5.621

0.125 5.496 0.0041

0.125 5.606 0.0042
92 5.731

0.125 5.606 0.0042

0.125 5.441 0.0041
96 5.566

0.125 5.441 0.0041

0.125 5.770 0.0043
100 5.895

0.125 5.770 0.0043

0.235 5.221 0.0039
104 5.456

0.235 5.221 0.0039
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M50 1.2 manuansalumsgaduddouvesiuauaiu Aanududu 118.61-130.55 PtCo

Flunan 72 u (@e)

o Anuuduind anududuitean oy
il C,C. anwannsalunmsgadudden (me/g)
©) ©)
0.125 5.551 0.0042
108 5.676
0.125 5.551 0.0042
0.125 5.606 0.0042
112 5.731
0.125 5.606 0.0042
may 0.0042

M3197 2.3 Manuanso lumsgasuddenvesiiuauaiu Aanududu 239.28-258.39 PtCo

I o
wunal 100 M

. amuduuiugh anududurheen
Jun C,-C, anuansalumsgaduddon (mg/g)
) ©)
116 11.666 0.290 11376 0.0086
120 11.226 0.400 10.827 0.0082
124 11.501 0.125 11.376 0.0086
128 11.776 0.125 11.651 0.0088
132 11.226 0.180 11.046 0.0083
136 11.062 0.125 10,937 0.0082
140 11.172 0.125 11.046 0.0083
144 11.282 0.125 11.156 0.0084
148 11.117 0.125 10.922 0.0083
152 11.776 0.125 11.651 0.0088
156 11.886 0.125 11.761 0.0089
160 11.226 0.125 11.101 0.0084
164 11.007 0.125 10.882 0.0082
168 11.062 0.125 10.937 0.0082
172 11.117 0.125 10.992 0.0083
180 11.666 0.180 11.486 0.0087
188 11.501 0.235 11.266 0.0085
196 11.226 0.290 10.937 0.0082
204 11.282 0.235 11.046 0.0083
212 11.776 0.454 11.322 0.0085
Lﬂéﬂ 0.0084




M3199 9.4 ManuaInlumsgagurearesavesiuauaIL NOAIINTEITIND

Woanwoa 18.07-21.41 AlanSurleaeSa/aanuas. 1) 1Hunal 40 Tu
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o anududiuiudh anududiniionn anvannsalumsgadurlearesa
ui C,C.

©) ©) (mg/g)
0.68 8.34 0.0063
4 9.02 0.61 8.41 0.0063
0.65 8.37 0.0063
0.72 8.44 0.0064
8 9.16 0.77 8.39 0.0063
0.75 8.41 0.0063
0.68 8.20 0.0062
12 8.88 0.63 8.25 0.0062
0.68 8.20 0.0062
0.75 9.77 0.0074
16 10.52 0.75 9.77 0.0074
0.68 9.84 0.0074
0.79 8.98 0.0068
20 9.77 0.75 9.02 0.0068
0.81 8.96 0.0067
0.68 8.95 0.0067
24 9.63 0.61 9.02 0.0068
0.68 8.95 0.0067
0.75 9.57 0.0072
28 10.32 0.84 9.48 0.0071
0.75 957 0.0072
0.81 8.69 0.0065
32 9.50 0.84 8.66 0.0065
0.88 8.62 0.0065
0.61 8.68 0.0065
36 9.29 0.68 8.61 0.0065
0.68 8.61 0.0065
0.65 8.78 0.0066
40 943 0.59 8.84 0.0067
0.68 8.75 0.0066
mde 0.0067
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M3199 9.5 ManuasnlumsgagurearesavesiuauaIl NoAIINTEUITIND

Woanwoa 38.95-41.60 AlanSurleaoSa/aanuas. 1) 1Hunar 72 Tu

g g 3 g v gy ¥ o o
o 4 ANUVNVUUUN ANUVNVUUIDDN ﬂ’ﬂll’c’f’]ll']iﬂjuﬂﬁﬂﬂ%ﬂﬂﬂﬁﬂﬂiﬁ
UN C,-C,
() () (mg/g)

2.11 17.10 0.0129
44 19.21

2.04 17.17 0.0129

2.32 17.16 0.0129
48 19.48

2.25 17.23 0.0130

1.88 17.74 0.0134
52 19.62

1.77 17.85 0.0134

1.82 18.34 0.0138
56 20.16

1.77 18.39 0.0139

1.70 18.19 0.0137
60 19.89

1.77 18.12 0.0137

1.77 18.67 0.0141
64 20.44

1.66 18.78 0.0141

1.79 18.51 0.0139
68 20.30

1.91 18.39 0.0139

1.77 17.99 0.0136
72 19.76

2.04 17.72 0.0133

1.73 17.75 0.0134
76 19.48

1.77 \ Nl 0.0133

1.95 17.39 0.0131
80 19.34

1.98 17.36 0.0131

1.98 17.91 0.0135
84 19.89

1.91 17.98 0.0135

1.77 18.46 0.0139
88 20.23

1.77 18.46 0.0139

1.84 18.19 0.0137
92 20.03

1.91 18.12 0.0137

1.79 18.65 0.0140
96 20.44

1.84 18.60 0.0140

1.98 17.64 0.0133
100 19.62

1.84 17.78 0.0134

1.84 18.26 0.0138
104 20.10

1.84 18.26 0.0138
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M3199 9.5 ManuasnlumsgagurearesavesiuauaIl NoAIINTEUITIND

oanwoa 38.95-41.60 AlanSurleanesa/aanuas. 1) Hunar 72 Tu (9o)

Yy 9 ¥ g y 9 ¥ o o
o ANMUNYUUI ANUINIUIIBN Anvansalumsaadurearesa
un C,C,
() () (mg/g)
1.82 18.48 0.0139
108 20.30
1.77 18.53 0.0140
1.63 17.51 0.0132
112 19.14
1.77 17.37 0.0131
nay 0.0136

M0 9.6 MANNENI0 lumsgagueareiavesiuauau N6ATINTEVIITND

Woamlosa 80.28-85.57 nlansumoasosa/anuns.5u) dlunai 100 Ju

o At aututunitesn anuenusalumsgadurloaese
ui c,C,
((oN) () (mg/g)
116 41.43 4385 36.58 0.0276
120 41.23 4.16 37.07 0.0279
124 40.54 5.12 35.42 0.0267
128 41.77 451 37.26 0.0281
132 40.27 4.57 35.70 0.0269
136 39.52 4.16 35.36 0.0266
140 41.36 4.98 36.38 0.0274
144 40.61 4.44 36.17 0.0272
148 4136 4.44 36.92 0.0278
152 40.13 4.16 35.97 0.0271
156 40.41 5.19 35.22 0.0265
160 42.05 4.85 37.20 0.0280
164 40.54 4.23 36.31 0.0274
168 40.20 5.19 35.01 0.0264
172 40.27 4.57 35.70 0.0269
180 39.45 533 34.12 0.0257
188 41.02 4.44 36.58 0.0276
196 40.41 4.57 35.84 0.0270
204 41.43 5.19 36.24 0.0273
212 39.99 4.78 35.21 0.0265
méa 0.0271




M3197 2.7 manuanio lumsgedu luTasnuvesiuauaiu A8a519152 05590

Tulasiau 75.56-83.76 nlansululasnu/eenuas Ju) Wuna 40 Su
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o anududiuiudh anududiniionn anuamnsalumsgadululasiou
ui C,C.

©) ©) (mg/g)
7.00 32.57 0.0245
4 39.57 7.75 31.82 0.0240
7.84 31.73 0.0239
7.47 30.05 0.0226
8 37.52 6.72 30.80 0.0232
8.40 29.12 0.0219
7.56 33.60 0.0253
12 41.16 5.88 35.28 0.0266
6.53 34.63 0.0261
6.01 33.85 0.0255
16 39.86 5.73 34.13 0.0257
7.19 32.67 0.0246
6.83 30.84 0.0232
20 37.67 6.46 31.21 0.0235
7.46 3021 0.0228
6.01 33.85 0.0255
24 39.86 6.01 33.85 0.0255
5.19 34.67 0.0261
7.92 32.67 0.0246
28 40.59 7.55 33.04 0.0249
6.55 34.04 0.0256
5.82 31.31 0.0236
32 37.13 6.55 30.58 0.0230
7.83 29.30 0.0221
7.09 33.79 0.0255
36 40.88 6.16 34.72 0.0262
7.28 33.60 0.0253
6.25 31.83 0.0240
40 38.08 6.72 31.36 0.0236
5.97 32.11 0.0242
mde 0.0244
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M3197 9.8 Manuaio lumsgedu lulasnuvesiuauaiu A9a519152 05590

Tulasau 162.60-173.22 dlansu'lulasww/Ganuad. ) dlunar 72 u

g g 3 g v gy ¥ o
o 4 ANUVNVUUUN ANUVNVUUIDDN mmmu1m1umi@mu'lu1mmu
UN C,-C,
((oN) () (mg/g)

11.85 71.03 0.0535
44 82.88

12.41 70.47 0.0531

12.13 72.99 0.0550
48 85.12

11.76 73.36 0.0553

11.74 69.80 0.0526
52 81.54

13.01 68.53 0.0516

13.01 68.80 0.0518
56 81.81

11.74 70.07 0.0528

13.38 67.70 0.0510
60 81.08

12.92 68.16 0.0513

13.92 68.98 0.0520
64 82.90

14.65 68.25 0.0514

12.69 68.86 0.0519
68 81.55

12.04 69.51 0.0524

14.28 70.56 0.0532
72 84.84

14.84 70.00 0.0527

15.96 64.03 0.0482
76 79.99

14.56 65.43 0.0493

135,25 68.51 0.0516
80 81.76

14.00 67.76 0.0510

15.68 66.83 0.0503
84 82.51

15.31 67.20 0.0506

12.13 71.87 0.0541
88 84.00

13.44 70.56 0.0532

13.63 71.49 0.0539
92 85.12

12.88 72.24 0.0544

15.68 66.36 0.0500
96 82.04

15.12 66.92 0.0504

13.47 67.07 0.0505
100 80.54

12.19 68.35 0.0515

11.10 68.80 0.0518
104 79.90

10.37 69.53 0.0524
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M3197 9.8 Manuaio lumsgedu lulasnuvesiuauaiu A9a519152 05590

Tulasiou 162.60-173.22 Alansu'lulasww/Ganuas. 1) Funar 72 u (¢e)

Yy 9 ¥ g y 9 ¥ o
o ANMUNYUUI ANUINIUIIBN anwamsnlumsgasu lulasiou
un C,C,
() () (mg/g)
11.65 70.61 0.0532
108 82.26
11.19 71.07 0.0535
10.65 69.61 0.0524
112 80.26
10.92 69.34 0.0522
19 0.0521

M13199 .9 manuansalumsgadu lulasnuvesiuauaiu 6as1mszussyn

TuTasau 317.38-351.57 nlansu luTaswu/Ganuas. 51 Wunar 100 5u

o At aututunitesn anvannsalumsgadululasou
ui c,C,
((oN) () (mg/g)
116 172.76 28.84 143.92 0.1084
120 166.16 29.77 136.39 0.1027
124 167.16 27.16 140.00 0.1055
128 165.29 26.79 138.50 0.1043
132 155.96 28.84 127.12 0.0958
136 157.07 25.66 131.41 0.0990
140 166.89 32.21 134.68 0.1015
144 170.53 3112 139.41 0.1050
148 157.79 29.67 128.12 0.0965
152 161.98 28.39 133.59 0.1006
156 166.04 31.36 134.68 0.1015
160 172.48 29.12 143.36 0.1080
164 166.69 29.12 137.57 0.1036
168 166.88 29.68 137.20 0.1034
172 165.39 24.64 140.75 0.1060
180 164.73 29.31 135.42 0.1020
188 168.93 26.88 142.05 0.1070
196 167.16 25.48 141.68 0.1067
204 169.40 27.72 141.68 0.1067
212 169.03 26.79 142.24 0.1072
méa 0.1036
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Abstract. Textile wastewater represents severe environmental problems as it contains mixture of
chemicals, auxiliaries and dyestuffs of different classes and chemical constitutions. Constructed
wetlands (CW) are an interesting alternative treatment system for textile wastewater. The main
objective of this study was to establish a pilot scale of integrated FWS and SF CW system to treat
azo dyes from textile effluent that effectively removes colors and organic matters. Three CW pilot
scale units were set at Suranaree University of Technology. The pilot scale unit contains 4 blocks of
CW, 2 blocks of FWS-SF with and without plants (Phragmites australis, reed), and other 2 blocks
of SF-FWS with plant and without plants as the control blocks. The synthetic textile wastewater
was fed to each block with flow rate of 6.33 Uday. Inlet and outlet of each block were sampled and
analyzed for COD and colors. The results showed that integrated constructed wetlands FWS and SF
could remove both COD and colors from textile wastewater. The CW of FWS-SF was better in
COD removal than SF-FWS, while the CW of SF-FWS was better in color removal than FWS-SF.
Thus, reed increased color removal in CW block.

Introduction

The textile industry produces large amounts of wastewater that contains typically a variety of dyes
and associated chemicals. In particular, the release of colored effluenting into environment is
undesirable. Azo dyes are extensively used for dyeing of cotton and constitute about 60-70% of
total dyes produced [1].It is difficult to degrade by biological and chemical processes because of
their complex structures [2]. The common methods for textile wastewater treatment are coagulation
and flocculation, oxidation, membrane separation and adsorption/on activated carbon [3]. However,
none of these methods have-been found to be suitable; bécause some methods are expensive and
have high-energy requirement, and generation of toxic sludge or other waste products. There is a
need to find an alternative treatment method, which is efficient, simple to use, inexpensive and
environmentally friendly. Constructed wetland (CW) is a treatment system that fulfils these
requirements. Many studies showed that CW could treat textile wastewater [2,4,5]. Under aerobic
conditions, it could remove organic matters but relatively low in color removals [6,7]. On the other
hand, under the anaerobic condition, it shows a great removal of colors, but cannot remove the
organic matters effectively [8]. In this study, integrated Free Water Surface (FWS) and Subsurface
Flow (SF) constructed wetlands that could occur both under aerobic and anaerobic conditions. The
main objective of this study was to establish a pilot scale of integrated FWS and SF CW systems in
order to treat azo dyes from textile affluently, that effectively remove colors and organic matters.

Materials and methods

Three CW pilot scale units were set at Suranaree University of Technology. As shown in Fig. 1,
Each CW pilot scale unit contains 4 blocks of CW, 2 blocks of FWS-SF with and without plants,
and other 2 blocks of SF-FWS with plant and without plants were control blocks. Shale was used as
filter media, their main chemical compositions are aluminum, silicon and iron support the azo dye
adsorption and promise as a substrate for constructed wetland system. and reed was used as plant
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for every block of CW. Reed is one of the most used plant in a constructed wetland. The CW pilot
scale units and operation characteristics are summarized in Table 1.

Fig. 1 CW pilot scale units.

Table 1 CW pilot scale characteristics

Reactor characteristics FWS SF
Total column height (cm) 80 80
Column diameter (cm) 20 20
Height of water (cm) 50 70
Height of media (cm) 20 75
Flow rate (I/day) 6.33
HRT (day) 4

The synthetic textile wastewater was fed to each block with the flow rate of 6.33 I/day, and the
hydraulic retention time was 4 days. The operation of CW pilot scale unit was started with Run I,
Run [T and Run III respectively, as shown in Fig. 2, 3 and 4.

The Run1:

The RunI

The RunIIl :

fed synthetic ,textile wastewater organie) loading rate in the range of
3.03x10 - 3.96x107* Kg/day)and color in the range of 56.48 — 63.65 Pt.Co with unit
1,2 and 3.

fed synthetic textile wastewater organic loading rate in the range of
3.03x10™ - 3.96x10* kg/day and color in the range of 56.48 — 63.65 Pt.Co with unit
1 and fed synthetic textile wastewater organic loading rate in the range of
6.33x10" - 7.85x10* kg/day and color in the range of 118.61 — 130.55 Pt.Co with
unit 2 and 3.

fed synthetic textile wastewater organic loading rate in the range of
3.03x10* - 3.96x10*, 6.33x10* - 7.85x10™ and 1.20x10? - 1.48x10? keg/day and
color in the range of 56.48 - 63.65, 118.61 — 130.55 and 239.28 — 258.39 Pt.Co with
unit 1, 2 and 3 respectively.

The characteristics of synthetic textile wastewater in each Run were shown in Table 2. The
composition of synthetic textile wastewater was the following: C¢HsCOONa 53.55, CH;COONa
204.9, NHsNO; 176.1, NaCl 7, MgCl,.6H;0 3.4, CaCl,.2H,0 4, K;HPO,.3H,0 36.7 and dye 11.5,
in mg/l. Inlet and outlet of each block were sampled and analyzed for COD and colors according to
the standard method [9].
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25% concentration of
organic matter and color

25% concentration of
organic matter and color

Unit 1

Unit 2
Fig. 2 Run1

25% concentration of
organic matter and color

25% concentration of
organic matter and color

50% concentration of
organic matter and color

Unit 1

Unit 2
Fig. 3 RunII

50% concentration of
organic matter and color

25% concentration of
organic matter and color

50% concentration of
organic matter and color

Unit3

100% concentration of
organic matter and color

Unit 1

Unit 2
Fig. 4 Run III
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Table 2 Characteristics of synthetic textile wastewater in each run

Operation | Q (m’/day) COD (mg/l) OLR (kg/day) Color (Pt.Co)
Run 47.84 - 62.56 3.03x10* - 3.96x10™ 56.48 — 63.65
RunII 0.00633 100.00-124.00 | 633x10™ - 7.85x10"* | 118.61 —130.55
Run III 190.08 - 234.58 1.20x10° - 1.48x10° | 239.28 -258.39

Results and discussion

Condition in CW pilot scale units

As shown in Table 3, the dissolved oxygen (DO) and oxidation-reduction potential (ORP) are the
measures of the oxidizing (aerobic) and reducing (anaerobic). Redox potentials greater than 100 mV
are commonly interpreted to indicate an aerobic environment, whereas ones less than -100 mV are
to indicate an anaerobic environment [10]. In the FWS, the ORP and DO were in the range of
85.3 1153 mV and 3.2 — 4.2 mg/l, respectively, indicating aerobic condition. In the SF, the ORP
and DO were in the range of 45.6 — 67.9 mV and 2.0 - 3.2 mg/], respectively, indicating aerobic
condition too. However, the oxygen concentration in FWS was higher than SF. The pH and
temperature were in the range of 6.0 — 7.5 and 15.9 - 26.8 °C. The reed cans growth and rhizome

development.

Table 3 Condition in CW pilot scale units

FWS-SF SF-FWS
Parameter FWS SF SF FWS
Max-Min Max-Min Max-Min Max-Min
ORP(mV) | (+115.3)-(+90.0) | (+67.9) - (+482) | (+66.7)—(+45.6) | (+104.3)—(+85.3)
pH 75-6.5 73-62 7.0-6.0 72-64
Temp. (°C) 26.8-19.5 227-16.3 205-159 25.9-19.2
DO (mg/) 42-34 39 391 1 30-2.0 40-32

COD removal efficiency

The results of Run I, Run IT and Run I1I are shown in Table 4 and Fig. 5. The total COD removal of
FWS-SF with plant block was higher than the control block. The total COD removal of FWS-SF
with plant block Run I, Run II and Run III was in the range of 98.04, 90.99 and 86.98%,
respectively. The total COD removal of FWS-SF control block Run I, Run IT and Run I1I was in the
range of 92.82, 86.76 and 82.88%, respectively. These results were similar to the total COD
removal of SF-FWS block. It showed that the total COD removal of SF-FWS with plant block was
higher than the control block as shown in Table 5 and Fig. 5. The total COD removal of SF-FWS
with plant block Run I, Run II and Run III was in the range of 90.76, 82.45 and 83.40%,
respectively. The total COD removal of SF-FWS control block Run I, Run II and Run 11 was in the
range of 86.20, 76.30 and 76.62%, respectively. In Fig. 6, the results showed that the FWS-SF block
could remove COD better than SF-FWS block. It is obviously that the FWS-SF block has a
significant performance advantage with respect to COD as shown in Table 6. The mechanics of
organic digestion in aerobic condition was attributable to degradation of metabolites that changed
the organic matter to CO, and H,0. Although, in SF, aerobic processes only predominate near roots
and on the rhizoplane (the surface of the root), it is not enough for the aerobic degradation condition
(organic matter degradation and nitrification) [11].
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Table 4 The COD removal efficiencies of FWS-SF blocks

Outlet =
Operation | Block Inlet n FWS SF rfggﬁ
concentration | %removal concentration | %removal
Runl | FWS-SF 47.84-62.56 10
. plant 2.66-1043 | 88.98+4.02 0-225 82.49+14.91 | 98.04£1.66
FWS-SF
491-13.70 | 83.03+5.40 245-654 | 5843+11.88 | 92.82+2.96
control
Runll | FWS-SF 100.00- 124.00 | 14
! plant 1723 -44.00 | 76.60£5.63 | 3.98-1584 | 62.17+7.32 | 90.99+3.16
FWS-SF
19.88 - 50.67 | 72.13£6.49 | 10.60-22.67 | 51.91+6.96 | 86.76+3.13
control
RunIll | FWS-SF 190.08 -234.58 | 18
plant 43.56-98.06 | 68.969.08 | 19.88-35.78 | 55.42+11.66 | 86.98+2.03
FWS-SF
50.36-104.12 | 64.52+8.54 | 27.72-45.06 | 49.20=13.14 | 82.88+2.50
control
Table 5 The COD removal efficiencies of SF-FWS blocks
Outlet . I
Operation Block Inlet n SF FWS ton
; 7 removal
congentration | %removal | concentration | %removal
Runl SF-FWS 47.84-62.56 10
0 plant 491-2331 | 80.25+12.24 | 1.02-13.08 | 58.97+19.79 | 90.76+8.80
SF-FWS
T97-29.44 | 69.55£1450 | 3.07-16.36 | 55.66+13.88 | 86.20£9.33
control
Runll | SF-FWS 100.00- 124.00 | 14 :
plant 24.00-56.67 | 67.49£6.20 | 10.67-28.00 | 46.18+9.33 | 82.45+4.68
. 29.33-62.67 | 61.54%5 00-36.00 | 384310.50 | 76.30£5.72
coiitrol .33 - 62.67 .54£5.87 | 16.00-36. 38.43£10. . W)
RunIll | SF-FWS 190.08 -234.58 | 18
plant 59.40-101.70 | 62.63£7.84 | 26.40-39.76 | 54.01+9.39 | 83.40+1.88
SF-FWS 2. 47
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Fig. 5 The inlet and outlet COD concentrations of FWS-SF and SF-FWS blocks
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Fig. 6 Total COD removal efficiency of FWS-SF and SF-FWS blocks

Table 6 Result COD removal efficiency of Pair-test

Operation Block Sig. (2-tailed)
FWS-SF with plant and SF-FWS with plant 0.019
Run I FWS-SF with plant and without plant 0.000
SF-FWS with plant and without plant 0.275
FWS-SF with plant and SF-FWS with plant 0.000
Runll FWS-SF with plant and without plant 0.001
SF-FWS with plant and without plant 0.004
FWS-SF with plant and SF-FWS with plant 0.000
RunIII FWS-SF with plant and without plant 0.000
SF-FWS with plant and without plant 0.000

Color removal efficiency

The results of Run I, Run'Tband Run III are as shown in Table 7'and Fig. 7. The total color removal
of FWS-SF with plant block-was higher than the control block. The total color removal of FWS-SF
with plant block Run I, Run II and Run T was found in the range of 90.87, 94.18 and 97.31%,
respectively. The total color removal of FWS-SF control block Run I, Run II and Run I1I was in the
range of 88.47, 89.96 and 94.85%, respectively. These results were similar to the total color
removal of SF-FWS block. It showed that the total color removal of SF-FWS with plant block was
higher than the control block as shown in Table 8 and Fig. 7. The total color removal of SF-FWS$
with plant block Run I, Run II and Run TIT was found in the range of 95.22, 97.81 and 98.62%,
respectively. The total color removal of SF-FWS control block Run I, Run Il and Run III was found
in the range of 94.31, 96.22 and 97.27%, respectively. In Fig. 8, the results showed that the SF-
FWS block could remove color better than FWS-SF block. In addition, it is obviously that the SF-
FWS block had a significant performance advantage with respect to color as shown in Table 9. The
block with plant showed much better color removal than the control block. The reed has enzyme,
plant peroxidases (POD) that are capable of degrading some textile and other important dyes [12].
The azo dyes are greatly reduced under anaerobic condition (azo bond cleavage eading to
decolorization) and produce smaller molecules. On the other hand, acrobic condition cannot
degrade structure of azo dye, hence the color removal efficiency is lower than anaerobic condition

[5].
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Table 7 The color removal efficiencies of FWS-SF blocks

Outlet "
Operation |  Block Inlet n FWS SF rf;z:{aal]
concentration | %removal | concentration | %removal
RunI FWS-SF 56.48 - 63.65 9
plant 9.09-18.65 | 76.96+4.96 | 2.72-9.88 | 61.00£12.53 | 90.87+4.12
FWS-SF
15.06-23.82 | 69.49£4.99 | 2.72-13.47 | 63.45£13.27 | 88.475.61
control
RunIl | FWS-SF 118.61-130.55 [ 13
plant 4633 -64.25 | 54.0044.21 | 2.27-11.68 | 87.11£548 | 94.18+2.30
i 60.06 - 81 41.67+5.3 6.30 6. 82.4745.26 | 89.96+2.48
control .06 - 81.57 .674£5.35 30-17.65 4745 : z
RunIll | FWS-SF 239.28-258.39 [ 16
plant 74.40-158.03 | 60.00£9.11 | 2.72-13.47 | 93.13£3.25 | 97.31=1.26
FWS-SF
Saitiol 92.32-171.18 | 52.58+7.71 3.91-20.64 88.97£3.62 | 94.85+1.73
Table 8 The color removal efficiencies of SF-FWS blocks
Outlet y
Operation Block Inlet n SF FWS rﬁ';zil]
concentration | %removal | concentration | %tremoval
Runl SF-FWS 56.48 — 63.65 9
plant 292="7.50 93.56+3.05 2.72-3.52 12.52£18.96 | 95.22+0.54
SF-FWS
it 2.72-8.69 91.31+£3.86 2.72-471 | 20.72+£15.03 | 9431140
RunIl | SF-FWS 118.61-130.55 | 13
plant 272 - 1765 | 94.25+4.43 272-272 | 36.28+37.84 | 97.81+0.07
SF-FWS
il 2.72-2422 | 88.62+5.89 2.72-631 | 58.11£33.77 | 96.92+1.12
RunlIll | SF-FWS 239.28-258.39 [ 16
plant 2.72-1825 | 97.08+2.28 2.72-630 | 29.58434.73 | 98.62+0.47
SF-FWS
272-2781 | 94.94+2.93 |1.272-14.66 | 38.32421.50 | 97.27x1.38
control
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Fig. 7 The inlet and outlet color concentrations of FWS-SF and SF-FWS blocks
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Fig. 6 Total color removal efficiency of FWS-SF and SF-FWS blocks

Table 9 Result color removal efficiency of Pair-test

Operation Block Sig. (2-tailed)
SF-FWS with plant and FWS-SF with plant 0.006
Runl SF-FWS with plant and without plant 0.087
FWS-SF with plant and without plant 0315
SF-FWS with plant and FWS-SF with plant 0.000
Run I SF-FWS with plant and without plant 0.008
FWS-SF with plant and without plant 0.000
SF-FWS with plant and FWS-SF with plant ) 0.000
Run I1I SF-FWS with plant and without plant 0.001
FWS-SF with plant and without plant 0.000
Conclusion

The obtained results indicate that the CW used in this study had significant effects on water quality
parameter, specifically on COD7and color reduction; Inifegrated constructed wetland FWS and SF
could remove both COD and colors from textile wastewater. The CW of FWS-SF was better in
COD removal than SF-FWS, while the CW of SF-FWS was better in color removal than FWS-SF.
Consequently, reed increased color removal in CW block.
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