- “ - N & Jd
n'mh:-qm'mmnmamuwmmuumﬂszmﬂ'lﬂmmn 2

27-29 nangnay 2549 anAinuduinaluladigiun? Smdauammaiin

& o s
N19La f’Jﬂi%ﬂ'ﬁﬂ']ﬂﬂ%’lLaEJ‘ZZN?i%LLUU‘l‘I?Wﬁ\N']%GH

Alternative Low Energy Treatment for Domestic Wastewater

-~ . . £
901 BNTAUUIT uRE ge Yamsugnd

mriTimninfiaday ddninimnswmsad sinmdsmaluladgrwd
8.1589 2.UATTIERNN 30000 InT 0-4422-4427 InTens 0-4422-4606 E-mail: chareeya@sut.ac.th

Jareeya Yimrattanabovorn and  Suchada Punnasamrit

School of Environmental Engineering, Institute of Engineering, Suranaree University of Technology
Muang District, Nakom Ratchasima 30000 Thailand Tel;: 0-4422-4427 Fax: 0-4422-4606 E-mail: chareeya@sut.ac.th

undada
& d by - o ¥ e ey o “
wungihldsfiuizumihdaduionldwisnuldiles &
- o v a . o ¥ aly o gl o
dzinEnmindifissiursuidadudsaldagmliludegiu 5.
-ty o ¥ we o o
WumaReniiauladmiudufuguou Tumsdnmitldiwud
v 1 - o~
gubrfuiuuninadmiuda (Fws) uazuunlnaldfadanes
. o A - - - - 3
(sF) smatiluwdaildsriwnafindszininwluninidsluie
- A . v N «
Tinndedin Mldinslindinuedduds udafedinsfinm
- o~ o ¥ P SO Y 4 a
drzAninmnaihdaiiferesiunguidasdsiuuumy wy
FWS - SF uas uuu SF- FWS ua:ﬁnmzﬂunumﬁméﬁuﬁau-
o ol P a b -« . PLRY
nasfimnzrurasiuigunidszdsfuouny dayafldun
- I3 v e - [ b L ™
JenzinliwdinuuBoufsudussuuniuRealdaglulfigiu
- . A T4 P - - -
namIAns I RuAgubhdsduuurafithsininmlung
tfas1dunid vesudeuvrusan tulatian uasveadaiald
o & b - -l .
IndifvaivAufiguibyssdssuuuiam lasfizoznanfuinday
i P . - “ « & A, Y
niwTnil wasnuhzlusumdadidudau-wdyasiuiigu
- ] -~ - L g J
Yrzinfuvurinlifnsdodszininiwnmaddadude e
kY -l - v '
daganldnnuanimasasniemzimsldndanu wuitssuy
| Y - . Y ' Y
#ufiguibldsfuuunueliwdinwlditesndizutnia
- A« o ¥ -t o o .
wuuiates Fudluszumhniadifonldiuagnaluis 4 wh

Abstract

Constructed wetland is a low energy treatment system. It is
an interesting alternative for domestic wastewater. It's removal
efficiency almost the same as conventional system. The objective
of this research was to combine Free Water Surface Flow
Construded Wetland (FWS) with Subsurface Flow Constructed
Wetland (SF) in one pond to enhance removal efficiency in order
to reduce energy requirement. Therefore, the removal efficiency
and order priority of FWS-SF and SF-FWS combined system
were evaluated. In addition, the energy requirement of combined
system were investigated and compared with Activated sludge

system. The results indicated that the removal efficiency in

Chlesdsfuuy FWS

organic matter, suspended solid, nitrogen and phosphorus of
combined system is equal to that of each single system.
Although, it's the hydrautic retention time is only a half. The result
also showed that the order of FWS and SF in a combined system
was not significantly different in term of removal efficlency. From
this research, the energy requirement of combined system was
less than 4 times as compared to that of Activated sludge

system.

1. uni

o “ ¥ -l & ™
lufanfuszuuddadufogueuildlasna lldnydszay
figwildwdssuuazmaaiinn dmliddldolunsdagede
frunlizring ﬁfmuq’~:mn'lum':g‘\ttai’nmua:msﬁuﬁmw
- "
yaarzuy lasawisguruamnaldn dessndsmniasniznsag

P . e v
anlusinundie SvhldiFedldslimmunniniog

XA, ¥ 4 .
(4] szuuiunguilzfssSuiwna@anmihauladmivauy

) v J J L bl 3
thdadudagyes diessnifluszuufildwdsnininies
TR -~ - ¢ - ol -
Inglldwdsnulugdwduusserfiad wasiduszuudd
- - o ¥ Y ~ ol & o~
Yasdvinwlumahdadifelndidseiuzuuildm e
- ¥ oo o a ol ' PR Y o
nnsdauduszvufitodanmsdufivenunssinmszun 7, 13]
o & ~ Ao o« ¥ | b4
muun'mwuﬂs:annmwlumsﬁmﬂmtﬁwaﬁ:uuwumjum
- ¢ d vl A, Y P P o
Uazfud WehliRufguibldsdifuna@onfimunziuns
L ¥ -t Q. J‘ a ) o
thiaduRegurusngdu veluudvaantldwdanm uasqunn
r
inshaenanszyy
X od, Y - «; P P | M
AunguildvfiluizvuidsuuuyszuuRiunguly
@ Tasandonalnmsieuhuiuszniugfunid danan
XA, ¥
uszfiy (6] Muiguhudsringmunsadwuneantdiin 2 dazan
PR A Y -~ ' L -
o wun‘quﬂﬁﬂizﬂu‘-fuuu‘lﬂnmuwum (Free Water Surface
Fod, T .

Flow Constructed Wetland; FWS) ua:wunquﬂwﬂuwuiunu'lm
— &L L
ldfadanan (Subsurface Flow Constructed Wetland; SF) Auntu

ol ¥ - v oa .
WuszuufdFe nardhufanibdunie
“ b4 “ v oo -~ & \
danane duRoezdudsivaimalasasmisnnuuisinaduasg



ENETT49-144

J‘ * “~ r -t A ) o . L - -
wu Tasddaobihudoinadhszuuetingr 9 duduisuazinfis
- o ¥ a & o~ -
panmItidatifFurassssuitasandonmtanatnaulasis uaz
+ L - - . A A -~ -\ . v
midavsawasdunidlasydunidnduilieandiaulinarinlie
. & 4. Y - ) d Y o
BOD aaad [8] dawnufifusilz@niuuy SF (fluszuuinhife
. o A . VX . . a9 o -
Wadwasluludnasiiinhivey dnavilfiduwanfuue
- - A o - - A -
n1Ie wiaduriiadn 9 Jsmnaenaiiissrialarianionia
. o Y by -y Y « ' “ &
Wrwiwld 21 diRsfdwdzuuezgniniasninduds
P A o - «t N
fufidnauaznfirdilisfunidinzed lasaususanvia
- - - ' o “
midunidezanaznaunisludina1s dussfiazasldazgnga
o aa . 11 - - - el v de v
Fufifrvasaanany nmrdassatuifialasydunidnangunls
- [ & -~ A‘ b
sandiauualildaandiau uananiimgamiiludufoszanss
A - - & A ¥ a ¢t P
flasnnnalnnisgaduresfins Audguindssdugng 2 wuud
Jad-Tatkulunmriadfouandreiu lagszun Fws ezl
ﬂs:’ﬁn‘ﬁmwgo‘lumsﬂ'\ﬁﬂmsaun‘itf UBLTRINTINTINR DY HI%
v SF exlidsintnwgalumaidalulasew Wasveia uas
o~ o & X o, ¥ - tA
Tansniinenag [12] muuﬁ'nhLaﬂwuyl'quﬂwﬂizmu_afnq 2 wyuan
Mulinsludai@eamu anfiudsziniawlunistrdashuie
[P ¢ - -v X - - -
gurw Wadu lumsfinunidutiesiina@inenlziniamms
o ¥ X oA, Y
thdahiFsrasiunguinls=@sfuuuny uy FWS - SF uas
- “ o o
uuy SF- FWS  uasfinmnguuumidadidurnieu-nisfiminzay
P A YR 4 -« - kY AW v - | v
wasiuifihsdviusuma etdayanlduiiensifeld
-ow P “ 0 o ¥ o odo “
Wudayedugmlunmafenldrzuuhdadufoidasnandnu
. o o, I <
dnieldimiuguawnly

2. AdRtun7i9y
v . X &4, ¥ P o -
lasshuuupiaasiufiguidsisfuuumuiuinusy
- ¥ d , .
tiahufenmefanwuuuialy  (Oxidaton  Pond)
uminmavinaluladgiud aidias wuasian

Turhiu
wuudisad
Alumafneniidamau 2 da Feildnwuedadelud deft 1 dwin
vfuﬁ'éuJ’xﬂ::ﬁuﬁuuu'lmchuv{um ~ WaldRadanans (Free
Water Surface Flow — Subsurface Flow Constructed Wetland; FWS
-sF) lavludeszuveaniiin 2 s ﬁ'euﬁmlugﬂﬁ 1 §IMuInTey
wivdmssanfhuuny  Fws  Tashdudidwmezuntanassu
W8 % T uas@ndunmo leaaluuuudrasslifiszauanug
0.1 uar 0.3 was Mudy lesfldandmtasiarinny 047
ussdfuAudaldimuGousduane  Iwdwndmeniodwiuy  SF
TahAuflduazunsanaspuawna 1 42 ealuuuidnses Soay)
vTandudu  usztaiiovesuudisasdiwnas  laofianunii
vaatuRnriniy 0.1 Lumvihmﬁnmﬁﬁwmsﬂgnﬁﬂéﬁuﬂu
NIUHENNTI0 Sedldamsmdoriariiy 053 lasszduany
gwao'fuﬁu wesTuAuYiAL 0.7 war wasludad 2 FwmiuAuA
ﬁudwﬂs:ﬁu_afuuu‘lml@m'xﬁ':na’n - naruiuin (Subsurface
Flow — Free Water Surface Flow Constructed Wetland; SF-
Fws) lapgmutnesdadluszuy SF uazdunasdaiiuizuy
FWS quuwmlu:s‘Uﬁ 2

il I

wndrenn
e

DY RO Pr BN B

BN

S A A T A
< B T

+F

a-* I-n-j‘

—

= & oA -
U7 1 wuudaasRuniguinl sy FWS-SF

| !

I
e

= | |~1T o )

- ) & oA, Y -
U7 2 wwudeasiuigaihisRsguuy SF-FWS

TUAAUNINARDY
- - - al P av C X au o
21 nmsadsafiy AshltlunsdneiTeeiedt fe nnfam
. o A
(Cyperus altemifolius L.) lapynnisaiianfsnlanugadszunm
0.50 \AT ué’nhmﬂgn'luuuui'maﬂﬂuﬁi:u:m\nzwmﬂ”u
WAy 0.15 was Tannunuiudurinny 45 dwata. lasfista
woza MATAnd muutrdtsasdenGummenssdszunm 2-3
“ Y -~ P o - “ e
flaw dunniimudiuAondenunudemsis mantodiuaadn
& A Ly b -t SAnt *~ <+ b I r.
Audnpnrsuifvantideled wsdlaneivunsdunniinuiiuiie
P Y A § ] v o
afduloAliviheaisdie Tadeataslunmbeldifemaiaduaes
- PR TR A ¥ d o ¥ a o
gidunidnduAngdufodnatonis atulamanziunis
. . PN A JCVE 3 -
danlfifuRrdmivAuniguizdneg
22  dieduildlunsdneise  Iwliduiowdtizuy
e Fevessminmdvnaluladgmuw adles s.uamriin
P 4 - - o v
dhalugAinununnednindnm Gaudnyasnt uazems
@ 9 dudsasnamelinuhidsninmstudis msdssney
b - v' .ﬂ Sam 4 & A ¥ -l 1]
T wanwEEIINial fiamedn 9 anvnssuuaduieniau
hrsuutauaasluating 1 waiuldhansuesnifiniovos
wwiineasmalulagawitazianududuresmidn gran

Lﬂuv‘f'ztmwangu'uwmmﬁn



ENETT49-144

AT 1 dnpucaNTRTaidY

fnencaut®  wis dud @uede n

CcoD mg/l 35-92 64.0 15
BOD mgfl 3-18 8.2 15
TKN mg/l 836 200 15
TP mafl 7-21 13.9 15
TSS mgfl 3-8 5.8 15

23 MTERITUY nRIINRITITE e W Ts DY 1
Faw 54t§uﬂa’am€’1L‘ﬁunhtjﬁ:uuﬁmm Tasiguazdsendh
sruudsssuuudaiias a”:uﬁ'nﬁam‘s:umsmaaevgnﬂsgﬂﬁﬁ'\
MrfaduArldlisuianiugaiaiy 0.50 a3 Walwis
WiydnTpdumnlng wdaniudaimsinesziniaiwns
hiiauasadn 4 mmfmﬁmjaqvfuﬁ‘éuﬁ'\ﬂnﬁug’uuu FWS-SF
wasuyy SF-FWS ﬁé’ﬂﬂmi:mmnmﬁuﬁﬂ (Organic Loading
Rate, ORL)
ANdau

5.1, 9.1 uaz 12.2 dlanfu filad panuadrin

2.4 n1fiuaatag
a . ' 3 " o ' Y d oo - ¥
mafudredhah laaudadrahiud - aanvasiuiganh
- f P - ‘
drdnfuuudn 9 Wehldansdescinid coD (Chemical
Oxygen Demand), BOD (Biochemical Oxygén Demand), TKN
. .1 [ -
(Total Kjeldahl Nitrogen) vadufiuwrauney usswWeaWain LW
sl rsinimwnnhiadhdeluudsswniiiead
& d ¥ a &
vasRunguilssdngrvrauuy

2.5 myamidaya

<

-~ - .« o 3 L A, Y a
2.5.1 11’1‘1TEJQﬂﬂﬁ:ﬁﬂh‘nWWﬂ"s‘m’mG\uﬂLﬁumadwuﬂquﬂ']ﬂ‘i:ﬂvﬁ

dandensvanuudtiTudeds ANOVA ¢t
Tsunsudnieg sPss “aftu 1.0
252

1hiia s R

One-way

idayainusufisunildwaseulniluudazszuy

3. wauaiasainanisdnmn
- . 3’ ! ‘r P :' -
3.4 dss@nBamniniiminSasesiuiidaiidsvdsguun
39
- ) a - - 9 - -
AMnMAnweridaitdssAnTnwniTthdassunddl
X d. Y -
70 COD ua: BOD vaviunguhssfiuiury FWS-SF uazuuy
P o f P

sF-Fws  gifigaaglutasfase:  73.9-78.9 fAdamanszurmn

- - e - & o -y P
mTdunadiiiy 5.1 nn. flaf/eanuadiv) wasasilidianadla
. - 2y
avmmi:umqnm:aun?tﬁwwmﬂu 9.1 uas 12.2 nn. filad

o~ » o o~ -l v st
ganuaidn) mad@ay (@usalugfl 3 waz 4) wmduldn
- - o € - -t -t & <
fammuzuTmnadunidiviaiy 5.1 nn. flad/anuad.iu) du
- - - cad 7] o
fammMIEUTINEIBUN TN suTeI UL Taazany
: . e - o

nIfnEnYes Brix [5] WuhdamnszuTmnaIBunidnimanzay
sfinadadazininwmahasdunidlil il lomivasqunid

FamadansnazaniudiuiudzininmmnihlanaanaTaves
v‘fuﬁﬁuﬁwﬂszﬁwﬁuun FWS-SF uazuuy SF-FWS %mzw?im‘ya-‘ﬁru
tﬁaa"ﬂﬂn'nzmmnms‘éun?tﬁﬁu-fu Fanmdnmzas Lin et
al [10] wuidanmiidaneaweTreslinnusunuiiudanns:
UIMNEN Tmm:ﬁw‘iuifuwﬁqmgoqﬂ wisnminasidanlvme
fndanfi thuﬂs:z‘m%mwmsﬁﬁmmeLtiqumauaaumaaﬁuﬁ'zju
Wizduiuuy FWS-SF uasuuy SF-FWS ssfidanaudladam
m‘s:nsmnmiﬁun‘s'z‘hﬁu{u

100
cch

—~ 80
g BOD
& TSS
.§ -60
4 ™
o
£ 4071 mwn
13
]
14

20

0 T T 1

5.1 9.1 12.2
OLR(kg BOD/(ha.day)
Uit 3 ﬂv:ﬁn‘ﬁn'lwnwﬂ"lﬁ'mf'uiutﬂumaw‘w’wﬁ'émfwﬂizaﬁﬁuuu
FWS-SF fldammizusmnansdundd 5.1, 9.1uax 12.2 nn. Hled
I (tanuai. i)

100 -
CcOoD

g 8% Bop
g
_§ 60 1 TKN
£
F w0l T
£ 1SS
e

20 A

0 T T 1

5.1 9.1 122

ORL, kg BOD/(ha.day)

- - - o ¥ a M a
N4 duiniammahdahdelassssfufiguidszdsguny
P -
SF-FWS fidammizusmnadunid 5.1, 9.1uas 12.2 nn. Tlad
! (\anuaf.in)

faudszininmwmmhdaulasiawvasszunuuy FWS-SF
ussuuy SF-FWS gaﬁqw?'\é’mﬂms:mmnmiﬁuﬂ?ﬁwhﬁ'u 8.1
nn. flad/anuaf.u) iinutesss 52.0 uas 61.8 Mmufiau uas
fidfanmizremaaiiviiy  0.23
winzaudenminiatulanauyssmadnnadall Knight et al 9]

9 a4 o o -l
suuAU  daadudann
' o ol | - a . o v «~
wuirthivfinadatssininwmahiatulanauldnd  dan

P . o ol N - - o
NIRRT fautlidudu gifinadedtsininmwmainie
- & v . v v &
'lu'[mmu'lummnmm:gnmuqulvsag"lumm'lnal.ﬂmnumaaq
szuu ldud qmv«gﬁmaam fanuibunta-dne uaz YSuno

- J Yy v
aandianfazatoily Wudu



ENETT49-144

- o o ¥ & oA, F
3.2 uﬁuutﬁuuﬂs:anﬁmwmsmmamtﬁwaowwmgum
Usz@nguuusia (Wwy FWS-SF uaz uuy SF-FWS) uaszuuy
o
@872 (ULUY FWS Uz Wuy SF)
P - ‘ - - « v ¥ oa s
IINa1THA 2 Hadhnaddizinanmaddaduiunsdan
a e e - - ¢ o X A
MmN Isunddivinny 5.1 nn. fladranuat iu) veahun
, ¥ -~ 1 P
guilizfvfunuiy FWS-SF  wuy sFFws @ uszuuuden
3,
Fws @
o o - 'Y - A, -
wortlduanisfinsisanianansdnads [8] Teavinniifinen

4) N -~ A o ¥ o
, Wuy SF “ Fnadlsint mwnmh e svesuuy

-t - a - « & ¥ oA L oA, ¥ a €
Wisudgudsantawmaidakiforasiuiguindssieg
P - o - o ¢
WUUREIULY FWS  uazuuy SF - 8AMIsuTmngsdunid
var & - -~ t.omd o “
Wity 5.2 nn. fla@/anuas.du) lasduiofudszuudniadu
- - | - o © ¥ oo od Ly
wifedeflundsnuduanuiuiugenldlunisdnmaioll sus
A o “ ¥ - 14 <t - o
dziniavniaidaduferesmigasrsuunndioumisunu
wui'\dtz’m‘ﬁmwmsmﬁ‘ﬂmsﬁuw‘ﬁﬂugﬂ COD uaz BOD a9
& Y - ¥ s X
wuligubrdsiuuumamsasuuupgludasiovs: 73.9-78.9
[ ) A ‘ [} +
saganivasumdniagiutaisfasas 63.7-75.9 (e uaz
aA_a ' e '
WaRTandTzosaniunnuasszuuuuyTInsasnituyy
P . s a o
Wwoalle 2 i1 daudrdssiniaawnistihdasesudeusanasy
Y A& o, ¥ - . s
Tulanau unsWaawedn vasAufiguihieduguuumuagluta
fouar 28.8-63.7, 44.1-50.4
-~ - o P A SR - - y , v
Yrininwmithiavesdufigabuledsiuuuasagludieiay
8: 62.5-68.3, 68.5-75.7 uar 51.0-96.3 auday Aulain
a - g o4, a & o
UrzininnvesRuiguiidssfudiauuumuuasuuuianee

Uz 40.5-53.3 audny wmedl

O 2P A .
Indifivaiu udunguidssdsfuuurseslesnaufuindag
' P T o od v & od,
nuuuaeie 2 oh duudrfrzesasuiuiniviniu fufida

S - o o - a a (%
iddsfuuunaiun iufsnfudisininwlunniiai
v . o
deldganiuumae
a P “ ¥ oo X oA Y a <
Iuh 2 desimBawnahdadufefuiguididsisuuy
FWS-SF uaz uuy SF-FWS

v

®HRT: Hydraulic Retention Time, Tzuz18UALAN (1)

sl oA Ay E A
33 pluuunidrauauriau-vasuasiungaiidssissuuy
ety
- P I,
NnEamMIMasasdauaasluan i 2 wrifidanntazusign

FWS-SF U
Ui:‘éﬂ'ﬁmw'lunﬁmﬁamsﬁun?rﬂugﬂ COD, BOD, waduild

a we . o P N T -
msaummmnm:uuwun'qml’lﬂimﬂﬁuuu

o A, JLV S -
urusey  wssWaaWaTsganhvungnhlsfviuny  SF-FWS
> : -~ - o : J [} b4
dniay futszininmwnialulanausesiufiguih
- ' v P
tiz@ufuny SF-FWS srgeniuuy FWS-SF ifnday uazilla
waniensidayanueianuilifianuuandwedielivbdady
aad o d & o o &
nead@nszauanuidionu 95 Wefidud (p < 0.05) Amugduuy
o “ -~ A d, - e : - a
midadidurau-ndrvasiuiguihlsefnililnadodssininm
mathdelude

3.4 maufFsudsunldndem i lum st dakds
ﬁnmTagan’mﬂ‘%umﬁuudﬂﬂﬂwé’mmduﬂ'\ﬂ@ﬂ 3 szdule
SULLBLAR(AS, Activated Sludge Treatment) 'fidlﬂunuuﬂ'lﬁmf’\
Lﬁﬂﬁl‘ﬁﬁ'ﬂ.ﬂ'lun'nﬁ'\ﬁ’mfwLau-qu'nua:tﬁudﬂvmumﬁu 0.67
bath/ kg BOD "1‘:\1u1nn'hfi'1'lv4ﬂwaﬁ:uuﬁw?‘njmfwﬂ-szﬁuﬁuuu
T Uy FWS-SF Sadud Wity 0.14 bathy kg BOD
Uszinm 4 th :

sl - . | P
mTuf 3 Wisudisud i ililuszumens wes ssuuduigy
wnAsfuuy FWS-SF

Uy OLR HRT trsantmwmahdaide(s)

ITULLalaw TCUUFWS-SF
Removal efficiency (%) go-00" 70?
BOD removal rate 0.08-0.09" 0.07%

(kg BOD/m'/day)
Wit (bathvm®/day) 0.67" 0.14
WA (bath/ kg BOD)  7.44-8.38" 2.0

4)

@ e COD BOD TSS TKN TP

FWS-SF 51 40 787 739 637 441 533
M 91 46 674 691 317 520 600
122 58 583 349 333 439 722

SF-FWS 51 40 789 739 288 504 405
@ 91 46 654 666 236 619 669
122 58 333 310 2441 237 674

Fws® 52 100 641 759 625 685 510

sFt 52 100 637 744 683 757 96.3

m___@
U8z 7 HRINMTNARDY
@

3 - v -
az @ fan; tanaIdeda (8]

5 . s . -
¢ )ORL; Organic Loading Rate, amﬂm's:mmnmmun‘ﬁ

(nn.dle@nanuaiiiu

M anmadede [(11]

@ peldnnimaaasluane 2

DMgmnmmhadaluiindnn Tasaudld
darmsinazeninde = 1 miday
anudutuueslwindsfidnzuunga BODs = 100 mgh
watfin Removal efficiency LRI TELY

“hangsdads (14, 15]

O FmnmabdriWiuas BOD removal rate 3nduat

4. 83
Al
& 4, 3 - & a o
4.1 1:uuwun-gumﬂ1:ﬂu§uum’mmaaquuuﬁﬂs:anﬁmwlu
mathiaesBunidlugl cop, BOD uazmawdwwuausaule
A - & a o
aaauladannIzuImnaIBunId i daudssiniawms
o 13 a X od oA a  ae
thiawesWairssisiulaiudamizuImnasaunit



ENETT49-144

P N 4 a ¢ - - - Y
4.2 rupiufiginidssdsuuunaideinimwlumnida
sdunidlugd cop, BOD, vasudeuvansay, Tulanau uas
. o XA, v . d
waawasa‘leﬂnﬁtﬁuanm:uuwunqumﬂszﬂug’uuumm uas
- v . d -
FunTeaatzustanfunnldlasniiadnita
“ e - & 4, Y P
4.3 pluvymsdadduriou-nasvasiungainhsdviuuuny
LifluadotszAnTmwmstiiaviuie
¥, . . ,
45 zuvduiduihldsfuuinuasliwdinuiniatasnd
PR d e R L U
syt fawuuetasdsiuszyuindadnifedldiuegnaly
Uiz 4 tin

tand1Iaede

1; fiaf @ndwu uaz den wondu, “matnddoanlenn
tﬁanv:mﬂﬂu'l'Ennnﬂmm:ﬁnﬂumm”ﬂsmﬁﬁ’uam'zz
wiaday. T4 9, aiuf 1, 2530.

2. dnwdl aanfTdud. « derininwsaannnay gumi e uaz
wimnnzfsdlsnidnhishadwdanmdalandeal
xfwﬁumnfwu*mqmmnnﬁuquTam:’ Intiiwus ..
(Mmadminmaaianizuaadan). NINWUMIUAT : Tudia
Ingdy unrinenduufiag, 2539,

3. grm Qmmﬁuqnf uazAML., 2549, *mI3thiainfieenn
uinndvnaluladgand TaoldRuiguisaug -

1387 wan, 3mmT. U7 9 atudl 18, 2549,

4. Al-Omari, A. and Fayyad, M., “Treatment of Domestic
Wastewater by Subsurface Flow Constructed Wetlands in
Jordan," Desalination, Vol. 155, 2003,

5. Brix, H., “Do macrophytes play a role in constructed
wetlands?,” Water Science and Technology, Vol.35, No.
5,1997.

6. Hill, D.T. and Payton, J.D., “ Effect of Plant Fill Ratio on Water
Temperature in Constructed Wetlands,” Bioresource '
Technology. Vol. 71, 2000. »

7. Kadlec, R.H. and Knight, R.L., “Treatmer)t wetland.” Boca
Raton: Lewis, 1996,

8. Kantawanichkul, S., et al., “Treatment of agricultural
wastewater in two experimental combined constructed wetland
systems in a tropical climate,” Water Science and Technology.
Vol. 48, No. 5, 2003.

9. Knight, R.L., et al., “Design and Performance of the Champion
pilot-constructed Wetland Treatment System,” Tappi J, Vol.77,
1994.

10. Lin, Y.-F., “ Nutrient Removal from Agquaculture Wastewater
Using a Constructed Wetlands System,” Aquaculture, Vol.
209, 2002.

11. Metcalf & Eddy, Inc. “ Wastewater Engineering Treatment,

Disposal, and Reuse,” 3¢ ed. McGraw-Hill, New York, 1991.

12. Ran, N., et al., “ A Pilot Study of Constructed Wetlands Using

Duckweed (Lemna gibba L.) for Treatment of Domestic
primary Effluent in Isarael.” Water Research. Vol. 38, 2004.

13.Reed, S.C,, et al., “Natural Systems for Wastewater
Management and Treatment.” 2" ed. McGraw-Hill. New York,
1995.

14. U.S. Environmental Protection Agency, * Analysis of
Operation & Maintenance Cost for Municipal Wastewater
treatment System,” Office of Water Programe, (WH-547),
Washington, DC, EPA430/9-77-015, 1978.

15. U.S. Environmental Protection Agency, * Constructed Costs
for Municipal Wastewater Treatment Plants: 1973-19882.
Office of Water Program Operations, Washington, DC,
EPA/430/9-83-004.,1983b.



