4
)

o w Z a Y A d' Z’ a J
ﬂ"l‘i‘iJTl.lﬂ‘tﬂ!ﬁ?J“lzN“ﬂﬂﬂ?ﬂﬁ%ﬂﬂ‘wuﬂ‘l‘fﬁu‘lﬂizﬂﬂg!!'U‘IJN'ETN

WAIHIN Yaudugns

a2 U A

a a dtg I U d! = (Y] =
Inendnusiiuaunisveamsanmnmurangasisyaniainssumansunia
MUVNIBIAINISNAVNAADN
a U = =
uvIngnaumalulaggsus

Umsanu 2548
ISBN 974-533-461-8



TREATMENT OF DOMESTIC SEWAGE BY

COMBINED-SYSTEM CONSTRUCTED WETLAND

Suchada Punnasamrit

A Thesis Submitted in Partial Fulfillment of the Requirements for the
Degree of Master of Engineering in Environmental
Suranaree University of Technology
Academic Year 2005

ISBN 974-533-461-8



o 4 f = 9 g e{i ?: a od
mimmuufrm;mmﬂm‘;znuwuwnmﬂsmuguuumm

¥
= a =1 aren L = ar =) 1 A
wnanndemaTuladgsus eyid Idiuineniwutatiuilidudumilavesnsinu

Muvangassgyanumtude

a o o
AUSNITUNITADUINYIUNUT

PZINEN

I \
(W1 AT. AT NFIA)

U5251UNT5UAT

YA

¥
(9. 13.9581 BUIAULIS)

P ~ a &
ATTUMT (011150NUTAR INeInus)

e L

ar

(0. AT.45y%y TWasadYs)

NITUMS
{ ya
e ut\/b
a
(0. A3 UNIP HOYITTON)
N35UA13
S == Omc
(7. as.a138ld Saumid) (57, 1.8, @3.73W3 G1vier)

SpwImsunusssninisuarhsdnms ANUAdNINIFIAINTIUANERT



qum Yandugnd : msthombdvgurudiszuuinfigui
YsgAv§uunnany (TREATMENT OF DOMESTIC SEWAGE BY
COMBINED-SYSTEM CONSTRUCTED WETLAND) swséinfanmn

21156 395 BUSaLNg, 78 ¥, ISBN 974-533-461-8

¥ . v
A A ollin o’y

a oA o Y as té IS 9
wuihilszauginliz@niamasdialodfodussuuaue uaztian e luns
¥ L]

o w 4 3 a¥ W Y, oy a M ayd A0 w @ |a qaﬂlyy
VIVAUUTLA 1%Wﬁ531uuﬂﬂ LW]N‘Uﬂlﬁﬂﬂaiﬂfﬂu‘nﬂﬂu‘u’lﬁu’lﬂ LlaﬁiUﬂiﬁ'lmﬁ'ﬁﬂuﬂiU AUDY

E

3

1y
@ Ae] o

o = o A a o o a :’ ol dy A :‘ a o
ﬂ\‘muﬂﬁﬁﬂHWﬂ‘NuiNll'JWﬂﬂi%ﬁﬁﬂmﬂﬂﬂ‘ﬂ1‘]J'§$’€1'“V'I‘ﬁﬂ'IWﬂ']i'lJ1Uﬂ”1tﬂﬂﬁlﬂﬁﬂﬂﬂ‘ljﬂ“1ﬂ53ﬂ‘ﬂ§

q
o ¢

e j’ a o o =Y L] ; o Yo a a [~
TaenfSeuiouiunspninlsz@uguuy Inasiuiui vazmm naldidnawnszsznanivdn

s o

14 3 ' ¥
118 10 uaz 12 34 wazAneizduuumsdadiduneu - vdsvosiunguinlseAuguuuway
v

ol [ ' d{, = a Yo @ P 4 o a a

Alsznoudionuy lnasmiuiswduuu lnaldfdinanaiszesnandudm 5 5w lums

Anmnldiudeninwedimindnun Souinyaains wazeimsang melusminedoma Tuled
= e = - 9 ' W [ o

qIuTs audlod .unsnrdin Tunsfinunliznoudae 2 ga Taourazgaizilszneudlotedumd

] ¥ ] o r

YA 1.0 AT x 3.0 AT x 0.8 was Taegad 1 HuiuiigininlssAuguuuae s 2 ve

o [ ' Af = Yo w A =1 A’I’ o :, a

dmfunivariniuidy wazswun Inalddadnans uazyei 2 dlufuigininlsefugimume

¥

$1171 2 Yo dwmSuuuy Inadunui - Tualdfdinars uazuvynaldfadanars - va

T 4 = a 4 = oy = o ) [

MuAuEl Aeh 4 ufuhguindsedu] 18ud dunnani (Cyperus altemifolius L.)

= ' g 2 :’ o d = = d
mﬂwammﬂmwmmuwuu11J'smy3Lm'umm {HUY FWS U@y SF wissezininy

¥
[

o ar ] el ) o e 1 at ] d  aw :’ [
AU 8 10 ag 12 3 ﬁﬂ1lﬂaﬂﬂﬁ3ﬁﬂ'ﬁﬂ1“ﬂ1ﬁﬂ1%ﬂllﬂﬂﬂ1ﬂﬂu Tﬂﬂﬁﬁxﬂzt’)ﬁ‘ltﬂﬂﬂﬂu1 109U

ingegadmivdsr@nammasideasdunidlunl@Ted luzliled Tulasnuluglimdy
' v

at div 4 = anooa o @
nazveaweTavosssuuNuRgInTzANTUULRLY LY FWS uazilsednimmnsdida

¥
o =

3 ] . o ’ 3
WearloTmvasszunmuiignissdviuuuden uun sk uaziienlSoufeuiuigminlssfug
- d g o :’ o oA ) :’ = ]
UUUREY LYY FWS dazluy SF sseznaviuimiuiny suniuhguinlsdviuomien

3 3 = =) a o as ] [y d w :‘ § L
¥4 2 uuy fnunddsz@nimmnsiidadoadsiauandredunnszeznadudni Tasiui

¥
o

a o = o_ o I YA 1 1
wtinlszAuguuu@as uup SF awsathiald@ndmuy Fws drumsdaugluuunig

E o
a 1 o dd‘|o Y 8

o a o d [ { o as :'
ANNALUNDU — ‘HﬁQUBQWMYI‘];NHTﬂi%ﬂHﬂLLUUNﬁN W'iJ’.ﬂﬂ1lﬂaﬂﬂ‘5$ﬁﬂ‘ﬁﬂ1Wﬂ1’iU’lﬂﬂuHﬁﬂ

e G=Ro

o

{ < [ : LY ] ] at s 3 @ o o 1 ar
ﬂﬂﬁ?hﬁﬁgﬂgl?ﬁﬂﬂﬂﬂﬂNW 59U "lmmﬂmNﬂu muugﬂuuumi%ﬂmﬂmau — 393

¥ ¥

= a a = o =] red i ' a o o e o :‘ =
Wunguihseayguuunauds lidinanenundolszdntammsthaiuds Tavsu

AN NI SHAUWIARDY medlorerinfiny g‘A ‘lw“dﬂ"é/

4 o

) 1& R
nsfnun 2548 ailnFen1nsdndsnm 4




SUCHADA PUNNASAMRIT : TREATMENT OF DOMESTIC
SEWAGE BY COMBINED-SYSTEM CONSTRUCTED WETLAND.
THESIS ADVISOR : JAREEYA YIMRATTANABOVORN, Ph.D. 78 PP.

ISBN 974-533-461-8

CONSTRUCTED WETLAND/FREE WATER SURFACE/SUBSURFACE FLOW/

COMBINED SYSTEM/DOMESTIC SEWAGE

Constructed wetlands generally have similar removal efficiency of wastewater
as conventional systems. The wastewater treatment by constructed wetlands can be
economically feasible and required low energy. However, the disadvantages of these
systems are limited by available land and low organic loading. Therefore, the objective
of this study was to study the removal efficiency of wastewater using the constructed
wetlands with comparison between the free water surface flow (FWS) and subsurface
flow (SF) constructed wetlands. Hydraulic retention time (HRT) was set at 8 10 and 12
days. This study also compared suitable order priority of combined constructed wetland.
The combined systems were composed of FWS and SF in series at HRT of 5 days.
The wastewater from dormitories, and buildings in Suranaree University of Technology,
Muang District, Nakhon Ratchasima Province were used as influent for this study.
The study was conducted in two sets. Each set had two ponds located adjacent to one
another and each pond had the dimension of 1.0 m x 3.0 m x 0.8 m. The first set consisted
of two ponds, a FWS single system and a SF single system. The second set consisted of
two ponds, a FWS-SF combined system and a SF-FWS combined system. The

Cyperus alternifolious L. was planted in every constructed wetland system.




The result showed that the removal efficiency of FWS and SF single system
were significantly different at HRT of 8 10 and 12 days. The HRT of 10 day had the
highest in COD BOD TKN TP removal efficiency for FWS single system and TP
removal efficiency for SF single system. The FWS and SF single systems were
compared at the same HRT and the results showed that TP removal efficiency of both
systems were significantly different for every HRT. The TP removal efficiency of SF
single system was higher than FWS single system. The result also showed that the
order of FWS and SF in a combined system were not significantly different in term of
removal efficiency at HRT of 5 days. Therefore, the average generally removal

efficiency of combined system was not affected by the order of each combined

system.
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COD 10 T WUAMWUANA 0.000

BOD 10 7 WUANWLUANA 0.009

TSS 10 Ju Tunwuanuuanaa 0.928

TKN 10 U NUANWUANA 0.038

TP 10 T WUAMUUANA 0.001

ANMUUANANNTZAVANUFDIU 95%



J

v Y
5190 ¥2 #aAT12HANNL51U59U3T One-way ANOVA vo9tsza@nsiammsihadude

dy P g} a 4 ~ Jya o ~ <3 Y] oy 1
"Uﬂ\?WHTIﬂéllLlT]JﬁSﬂHiL!‘]J‘]JL@fJ? Lmu"lwa%lmmmﬂwaznmmummmm

anvoazantANLds  sTezraunuini Wa Sig.

8 U
COD 10 Tu Tunwuanuuanais 0.327

129U

BOD 10 U Tunwuanuuanais 0.315

TSS 10 U Tuwuanuuanaa 0.938

TKN 10 Ju Tunwuanuuanaa 0.054

TP 10 U NUANWUANA 0.007

129U

ANUUANAWNNTLAUANUFDNU 95%



v Y
a 4 a a a o @ o
5190 ¥3 #anT12HANNL51U59U3T One-way ANOVA vo9lsza@ninmmsihadude

1 491 A g} a 4 = ] dy Aa o Iya o
ﬁSW'JNWuﬂﬁleHTﬂﬁgﬂH;ﬁuﬂﬂlﬂﬂ’J LL’]J‘]JLI‘ViﬁN”I‘L!'W‘L!N'Jﬂ”]JLL‘]J‘]JUIWaSl@W'NITJﬂﬁN

Aszeznannusinigi 8 Ju
(Y} wA 5 d' v ?:’ a J
anyzaNIA wunniszavg WA Sig.
FWS ,
COD NUANVLUANA 0.013
SF
FWS , ,
BOD Tunwuanuuanais 0.104
SF
FWS , ,
TSS Tunwuanuuanaa 0.727
SF
FWS . .
TKN Tuwuanuuanaa 0.062
SF
FWS ,
TP NUANVLUANA 0.000
SF

ANUUANAWNNTLAUANUFDNU 95%



v Y
a 4 a a a o @ o
5190 ¥4 #anI12HANNL51U59U3T One-way ANOVA vo9lsza@niammsihaiude

Y
4

1 491 A o a a ] dy Aa o Iya o
'i$‘Vi'J”NWuﬂﬁleHTﬂﬁgﬂH;ﬁuﬂﬁlﬂﬂ’J Llf]J‘]Jll‘ViﬁN”I‘L!‘W‘L!N'Jﬂ”]JLL‘]J‘IJhlﬁaElQIW'J@nﬂﬁN

Aszeznannunnii 10 Ju
(Y A 3 d' | ?:’ a J
anyzaNIA wunniszavg WA Sig.
FWS , ,
COD Tunwuanuuanais 0.967
SF
FWS , ,
BOD Tunwuanuuanais 0.885
SF
FWS , ,
TSS Tunwuanuuanaa 0.388
SF
FWS . .
TKN Tuwuanuuanaa 0.349
SF
FWS ,
TP NUANVLUANA 0.000
SF

ANUUANAWNNTLAUANMUFDNU 95%



v Y
a 4 a a a o @ o
5190 ¥5 #anI12HANNL51U59U3T One-way ANOVA vo9lsza@niammsihaiude

1 491 A g’ a 4 a ] 491 a o Ja o
iz‘Vianwuwgumﬂsmyggmumm LL‘]J‘]JllﬂaWTL!WL!NTJﬂ‘]JLL‘]J”]J"lﬂﬁ(lG]N’mﬁﬂﬁN

3 o S

Pyzeznaudunniii 12 U

3 [ v

(Y} wA A A o a J
anyazaNla wunguinlszavg Wa Sig.
FWS , ,
COD Tunwuanuuanais 0.947
SF
FWS , ,
BOD Tunwuanuuanais 0.949
SF
FWS , ,
TSS Tunwuanuuanaa 0.705
SF
FWS . .
TKN Tuwuanuuanaa 0.818
SF
FWS ,
TP NUANWLANA 0.000
SF

ANUUANAWNNTLAUANUFDNU 95%



H a 4 a v o w
M319h U6 WadATIzHANNL55IUAT One-way ANOVA voamsdniglunumsdasiay
Y 1 9

1 @ A A o a
ﬂ@u—‘wawaqwquumﬂimmgmuwtm
v

EX)

[Y) wAa & d' ?)’ a d
anyazaNIa wunguin)szavg Wa Sig.
FWS-SF , ,
COD Tunwuanuuanais 0.891
SF-FWS
FWS-SF , ,
BOD Tunwuanuuanais 0.873
SF-FWS
FWS-SF , ,
TSS Tunwuanuuanaa 0.961
SF-FWS
FWS-SF . .
TKN Tuwuanuuanaa 0.789
SF-FWS
FWS-SF , ,
TP Tunwuanuuanais 0.561
SF-FWS

ANUUANAWNTLAUANUFDNU 95%



Y Y] wa 3} Y g {1 3} a o 1 { 3 o 3} [
ﬂ1§1\1ﬁ u7 !,mmaﬂymzt‘mummmmwﬁuﬁ%umﬂimyguuumm ﬁizaznmmmﬂm 8 U

Q

o
) Y

WU (Waansy/ aas)

anyzaNlia
Min. Max. Mean SD n
COD 354 76.8 543 16.2 5
BOD 3.0 8.4 59 2.2 5
TSS 12.0 32.0 21.2 7.8 5
TKN 10.5 21.1 16.4 4.2 5
TP 59 7.4 6.7 0.7 5

Y @ A 09} § {1 oy a < ' { 3 o g} [
minﬁ U8 meaﬂymzfmu@1ﬂlmu1L6fl}1ﬁuﬁclguu1ﬂizﬂy;§uuumN‘] ﬁﬁgﬂgﬂaﬂﬂ‘ﬂﬂﬂHT 10 I

v

. - W (Haansy/ ans)
anyazaNIA

Min. Max. Mean SD n
COD 48.7 91.8 66.3 16.8 5
BOD 6.6 18.0 11.9 4.4 5
TSS 8.0 36.0 20.8 104 5
TKN 9.1 21.1 17.0 4.7 5
TP 2.8 5.0 3.9 0.8 5

Y @ v g‘ § {1 g‘ a J 1 { S o oy @
C"ﬂi]\‘i‘ﬁ U9 Llﬁ'ﬂ\iaﬂBﬂ‘!gﬁ‘J\l‘Uﬁ‘“’U’EJ\TL!TL‘fl}WﬁuﬁﬁNuTﬂi%ﬂ‘HﬁlmﬂﬁNG] Nszeznaununmii 12

v
Y Aa a o A

WU (Uaaniy/ ans)

andzaNla
Min. Max. Mean SD n
COD 50.0 83.3 71.4 13.7 5
BOD 3.0 10.2 6.8 2.9 5
TSS 12.0 24.0 18.0 4.5 5
TKN 6.5 9.5 8.3 1.2 5

TP 53 8.2 6.7 1.1 5




Y
o

d' a A o v dy A a 4 A 1
A1919N V10 Llﬁﬂﬂﬂi$ﬁ"]/l‘ﬁﬂ'l‘Wﬂ'liﬂﬁ]ﬂI@Eli’JiJell’rNWu‘i/l“]mu1ﬂi$ﬂy§l,mﬂmﬂ’3 !,mu"lwamu

Q

'
a a

§ 3w 09} Y
ﬁummzﬂxnmmuﬂﬂm 8 U

szansmumsiarinay (%)

anyzaNla
Min. Max. Mean SD n
COD 11.4 33.6 249 9.5 5
BOD 20.0 65.0 41.6 18.7 5
TSS 37.6 80.0 61.7 17.5 5
TKN 324 56.1 42.4 10.2 5
TP 11.9 34.7 24.1 8.9 5

9
4

d‘ a A o w 491 d‘ 1 ) a d' ya
M1319N V11 Llﬁﬂﬂ‘ﬂi%ﬁ‘ﬂ‘ﬁﬂTWﬂﬁﬂ"ﬁ]ﬂIﬂEﬁ’JﬂJ"U@QWH‘V]GI;?J‘L!T]Jigmeliu‘]_l‘]_ll,ﬂﬂil LL“]J”]JIlWﬁGlG]W’J

Y ! 3w g} [
@]'Jﬂa’]ﬂﬁ'izfl&')ﬁ’]mllﬂﬂu”l 8 IU

szansmumsiharinas (%)

anyzaNla
Min. Max. Mean SD n
COD 32.6 75.1 50.1 15.7 5
BOD 48.1 83.3 60.8 14.0 5
TSS 40.0 83.3 66.0 19.6 5
TKN 45.9 73.1 58.5 9.9 5

TP 574 93.4 76.6 13.7 5




Y
o

d' a A o v dy A a 4 A 1
A1T19N V12 Llﬁﬂﬂﬂi$ﬁ"]/l‘ﬁﬂ'l‘Wﬂ'liﬂﬁ]ﬂI@Eli’JiJell’rNWu‘i/l“]mu1ﬂi$ﬂy§l,mﬂmﬂ’3 !,mu"lwamu

Q

'
a a

{ 3w oy Y
ﬁummzﬂxnmmuﬂﬂm 10 U

szansmumsiarivay (%)

anyzaNla
Min. Max. Mean SD n
COD 49.9 83.6 64.1 13.1 5
BOD 60.0 95.2 75.9 14.3 5
TSS 50.0 75.0 62.5 12.3 5
TKN 53.7 90.1 68.5 14.5 5
TP 324 62.8 51.0 11.8 5

9
4

d‘ a A o w 491 d‘ 1 ) a d' ya
M1319N V13 Llﬁﬂﬂ‘ﬂi%ﬁ‘ﬂ‘ﬁﬂTWﬂﬁﬂ"ﬁ]ﬂIﬂEﬁ’JﬂJ"U@QWH‘V]GI;?J‘L!T]Jigmeliu‘]_l‘]_ll,ﬂﬂil LL“]J”]JIlWﬁGlG]W’J

Y ! 3w g} [
@]'Jﬂa’]ﬂﬁ'izfl&')ﬁ’]mllﬂﬂu”l 10 U

szansmumsiharinas (%)

anyzaNla
Min. Max. Mean SD n
COD 47.6 84.1 63.7 13.9 5
BOD 57.3 95.1 74.4 16.5 5
TSS 59.3 76.4 68.3 7.2 5
TKN 64.9 81.8 75.7 7.5 5

TP 86.6 100.0 96.3 5.5 5




Y
o

d' a A o v dy A a 4 A 1
A1919N V14 Llﬁﬂﬂﬂi$ﬁ"]/l‘ﬁﬂ'l‘Wﬂ'liﬂﬁ]ﬂI@Eli’JiJell’rNWu‘i/l“]mu1ﬂi$ﬂy§l,mﬂmﬂ’3 !,mu"lwamu

Q

'
a a

{ 3w oy Y
ﬁummzﬂxnmmuﬂﬂm 129U

szansmumsiarivay (%)

anyzaNla
Min. Max. Mean SD n
COD 44.5 72.4 62.5 11.1 5
BOD 50.0 81.8 70.6 12.7 5
TSS 40.0 85.0 65.4 17.0 5
TKN 47.1 82.1 66.2 16.7 5
TP 11.5 36.4 22.7 9.7 5

9
4

d‘ a A o w 491 d‘ 1 ) a d' ya
M1319N V15 Llﬁﬂﬂ‘ﬂi%ﬁ‘ﬂ‘ﬁﬂTWﬂﬁﬂ"ﬁ]ﬂIﬂEﬁ’JﬂJ"U@QWH‘V]GI;?J‘L!T]Jigmeliu‘]_l‘]_ll,ﬂﬂil LL“]J”]JIlWﬁGlG]W’J

Y ! 3w g} [
@]'Jﬂa’]ﬂﬁ'izfl&')ﬁ’]mllﬂﬂu”l 12 U

szansmumsiharinas (%)

anyzaNla
Min. Max. Mean SD n
COD 45.1 90.0 63.1 16.9 5
BOD 54.5 83.3 71.1 11.2 5
TSS 58.8 83.3 68.9 10.5 5
TKN 51.0 80.2 64.0 12.5 5

TP 77.0 82.8 78.3 2.8 5




Y
1 )

4 a A o v g { a 4 1
M99 V16 uaalszaninmmsinia laesawvesiunguilszassuouney uuy Tvaru

Q

dy Aa Iya o ~ <3 Y] t;y @
Wum—hlwah WININAWNTSYSLIAUNUNNU S IU

szansmumsiarivae (%)

anyzaNla
Min. Max. Mean SD n
COD 52.9 80.0 66.5 11.3 5
BOD 64.3 93.3 79.9 10.7 5
TSS 50.0 75.0 62.5 12.4 5
TKN 54.6 68.7 62.6 6.0 5
TP 67.1 90.5 77.9 9.2 5

9
o

d‘ a A o w 491 d‘ ] a J 9
139N Y17 LLﬁﬂQﬂi%ﬁWﬁﬂTWﬂ”liﬂ"li]ﬂiﬂEJiTJﬂJ‘]Ji’NW‘L!‘VIﬁﬂJH"I‘IJiSﬂH"ﬁLL‘]J‘]JNﬁll LL‘]J‘]Jll‘H’dhlGI

£

Aa o ] 4 A { S o gl Y]
N?@’Jﬂﬁ”l\‘l-hlﬁaﬂ"luﬁUN’Jﬁi%ﬂ%ﬂﬁ"llﬂ‘]_lﬂﬂu1 59U

szansmumsinarinas (%)

anyzaNla
Min. Max. Mean SD n
COD 47.3 80.0 65.5 12.4 5
BOD 58.8 90.0 78.7 11.8 5
TSS 44.7 78.3 62.1 13.0 5
TKN 55.7 67.8 63.6 4.9 5

TP 58.8 95.6 73.4 13.9 5
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nyutiuga njunnuuas Wellmsfne 2541 vaz lahihanduuiem Aadvines sulv
A o w o [ v A A = Y Y K 1 % a
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