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ABSTRACT

This research studied removal efficiency of organic carbon, nitrogen, and phosphorus containing
in domestic wastewater using subsurface vertical flow constructed wetland. Two different plants, including,
Water Canna (Thalia geniculata L.) and Umbrella Sedage (Cyperus involcratus Rottb.) were used in the
system. Factors affecting system’ performance included types of plants, COD concentration of synthetic
wastewater, and depth of media. With COD of 150 mg/L, the removal efficiencies for organic carbon,
nitrogen, and phosphorus in both systems were similar to that without plantation, i.e. 87%, 87 - 91%, 82%,
respectively. As COD increased from 150 to 500 mg/L, efficiencies in removal of organic carbon, nitrogen,
and phosphorus, of the system with Water Canna were found to be higher than that with Umbrella Sedage. It
could be explained that longer roots and bigger thalli of Water Canna, than those of Umbrella Sedage, could
enhance diffusion of oxygen through the media, thus promote biodegradability of aerobic microorganisms.
Besides, Water Canna is a flowering plant that is able to consume high amount of phosphorus during its
blooming period. The study of system’ performance at various depths exhibited that organic carbon,
nitrogen, and phosphorus were mainly removed at a depth of 30 cms, which was defined as unsaturation
zone (86%, 88% and 83%, respectively). Treatment of domestic wastewater from Suvarnabhumi Airport
using the wetland systems was investigated. Both system exhibited similar performance in removal of
organic carbon and nitrogen, i.e. 94% and 95% respectively. However the system with Water Canna showed

better performance in removal of phosphorus than (90%) that with Umbrella Sedge (40%).

Keywords: Umbrella Sedage, Water Canna, TKN, Domestic wastewater, Phosphorus, Vertical flow

constructed wetland, Organic carbon
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Yoy thunana N
1. ﬂlﬂﬁll%ﬂ#&ﬂljﬂ (Total solids) 350 720 1,200
E maau%aa:muﬁ"1 (Dissolved solids) un./a 250 500 850
- Y9 H9LVIUAU (Suspended solids) 100 220 350
2. dFTnmaznouniin (Settable solids) ua./a 5 10 20
3. a1 TR (Biochemical oxygen demand; BOD) un./a. 110 220 400
4. Mm% 10A (Chemical oxygen demand; COD) un./a. 250 500 1,000
5. luTasiouvanun (Total Nitrogen) 20 40 85
- 3un3i'TuTnsiau (Organic nitrogen) 8 15 35
- o 1111l (Free ammonia) un./a. 12 25 50
- lu'lasvi (Nitrites) 0 0 0
- Tumsn (Nitrates) 0 0 0
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6. "r*lﬂﬁ'ﬂﬂ%ﬁ?fﬂﬂM (Total Phosphorus) 4 8 15
- maouniovearaia (Organic phosphorus) un./a. | 3 <}
- msetiuniivoadesa (Inorganic phosphorus) 3 5 10
7.nan 154 (Chloride)"” un./a. 30 50 100
8. aaivla (Sulfate) un./a. 20 30 50
9. ANMAN (Alkalinity : CaCO,) un./a. 50 100 200
10. lv3iu (Grease) un/a. 50 100 150
11. TnaWesuRanua (Total Coli form) MPN/100ml 1010’ 10™-10" 1010
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(CH,0), + N0, —————  nCO,+ ni,0 (2.6)
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CcH,0, ——» 3CH,COOH 2.7
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CH,0, ——» 2CH,CHOHCOOH (2.8)
(lactic acid)
CH,0, ——» 2CH,CH,0H +2 CO, (2.9)
(ethanol)
Tususiom m‘mﬁmﬁmﬁi}mﬂ%maumﬂﬂzgﬂdauﬁmﬂiﬂn Sulfate - reducing
bacteria ﬁmums‘ﬁ 2.10 1182 Ins Methane - forming bacteria ﬁmumaﬁ 2.11 uag 2.12

Sulfate - reducing bacteria
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Methane — Forming bacteria
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Methane — Forming bacteria
4 H, + CO, » CH,+2H,0 (2.12)
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Ganh ualuanmiiansdunidganazieenduuiiia nizuaunsuunbilfoondiuaed)
UNUININNIT (Cooper et al., 1996)
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Nitrosomonas

NH, + O, —_— NO, +3H +2¢ (2.13)
. Nitrobactor 4 + 2
NO, +HO ~——» NO, +3H +2¢ (2.14)
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2NO, +10e +12H ———>» N, +6H,0 (2.15)
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CO(NH,), + 0 ——— 2 NH, + CO, (2.16)
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2.2.54 msmiaoanoda
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2 4 oa i o os 2 , o -
Wiagonwdind TuTasmuianua (Brix, 1994 uag Vymazal, 1998) Weawoiagniaovgszuu
A A _ d A A
IBNTAILAT ATUAITINUAYNAWEONIINTELUY
2255 mimialanzvin
a 4 o [ o
Tanzmiinnulugmsazaonazesilsznenvesventa nalandnlunisia
a ] - 2w = 3 o o w
o n1sgnaadulasdinary minnaznewailugilvoundedainifasiudumsiiia
o ar = U 4 ciyc\ Yt o c;
WoavleSmuazmsgaduueiiy (Watson, 1999) nalnmarilifalaadulansminfianisg
v
anaznou 1a
o o ;
2.2.5.6 Miniaelin
¥
nissivae Isaluszuulszneudio3TnanioaIvw 1wy MsanAzNBU N3
n304 tazmsgniiaelavsaddansilaloma S5maail 1dun UjAsneondadu magady

Taudun3ving uarmsivnyuastinldovesnuy d1u35mesniwilszneudis msmy

= |

MUTITUIIA (Natural Die-off) MIAUNUDA (Predation) naza1sl§riuzndiizinduilaon

DONUI
L= < LY d'l A Y
2.3 MSINTIZHNIZ0U6) tazmsinaounueImsuszuulagly Tracers

ad = g 5l a J a

3% Tracer Test annsadsziiugiuuums naluszuuiialszdug TaveFinums

d a oy a i - 2 A P
Tnavvuithi Tawgauna vazuun lidluldawgannd nafe nsindeunvesmsluy

~ " Ha o v’ L4
szuuunvﬂ1nqﬂnﬂmuuaaamﬂuszuuwunﬁwﬁunuﬂunﬁuyﬁm (Completely mixed flow
reactor, CMFR) imsdunaunioluszun uagnszaioaaves Tracer nUHaNiinanIniinsg
PJuniu szuvwsiialnanlugia (Plug flow reactor, PFR) A0 Hanymenis Iwanaions lnalu
v = Y Y - n 1 : U c;L Y [ i =
o Imsilunanios wiounyluimsiluniu mnldnmsaiuIm Tracer muTilseiiy
=1 a‘;’ 3 - b4 = @ W ow o
o951 lumsanaznouluszuumadinm 1 dsziiivnamadudaiuveanas lsa du
1 :’ = dA A @ =
unanh dsziiiumasamaas Minvaruannzluszun vazilsziiuguuums naluszoy
o o o a a 4 = a B a
falszavg uazszuninianesssunALuDY FIaI00TUINNEINTNT IHauuuay
a (= = " 1 o = o’/’ ' q’: o
gauad uazuuy ludlu laugaauad uans Tnanuu lidlu hlaugauadiiu tovasuingn
i A @ 3 o

w3 esnndviannud le lunavamanivesszuy

v llgms Twai lidlu luamgauaaluszun 1dun

'
~Acd 0 ar

1) QUUYNNANNY
et Y 1 o s
1u3:ummmiNﬁummmaﬁuy_si:u (Completely mixed flow reactor, CMFR) LIng
a =1 " . = (= a
szuuriialnalurie (Plug flow reactor, PFR) azinams lna liiluaiwgaund Tasaa

WumuveInszumi 1HesnIngunginuana1any



2) gUnuumInyuisyveau

30

¥ ¥ 0 "
s ] ~ ' o A4 & = Y Y
Tuszuuianliuin msnyufouvosauainsonedlvu lavmdoui hiniouny

v ' . ¥
Anvonimdiuniniaeen ludadiuvoanainsaminnialy

au

3) misiluniu liifvane

0 ¥ " ¥ '
g lifinsiluniuediadivane ndodauiegluszuvorn hisauduiudoid

S EATLTRTRIALRY

4) MIDONLVUN LA

N90ONLVVYDINIAT LAZDONVDITZUUADITUWUS A UTATIUVDITLUY 11D

¥
TilfiRayusuii luszou himunsonauiu1d

ar =Y o3 1
5) mnszneaImutnuluszuuriia lnaitluaig (Plug flow reactor, PFR)

= ¢ ¢ iy Q)
13 'Jl’f"'\'i"lgWﬁni‘iﬂuzﬂWﬁ“ﬁa?ﬂﬂ‘ﬂﬁﬂlﬂ@izUUIﬂU{l’%’ Tracers HANHWMUE AU

1)
2)
3)
4)
5)
6)
7)

1A AN ENUADEATINT 1M a
Y v ¥
Aosinuiauaaulanieluszu e

Y oA VoA o A
1wAoalnnuasiioInasaal lunismiany,
9 = '3 9 [
dpalniizrina ldotiaazain
. o Aq = °
TNITNILWAIVDITTN 1F lUMIsANHIM

ci 9 = 3 n s cﬂy =y w
msnlglumsanmdas ligaduuunurivesinarmelussuy

P 3 ~ 9 " o Y : =1
a5 1Flunsanides higaduiueymaluinde

Tuszvvyiia Tvausaiimanaoun 141919101904 Tracers 111939INMTIAADUN

o ¢ w o
“luuuaummaamgﬂﬂzmu ﬂg@ﬂHﬂWﬂﬂﬁﬂﬂOUﬂ ﬂ'Uﬂ'S3!1ﬁﬂ3131l3]ﬂ183ﬂ1511’1ﬁ Haenia

o & =] ' o Ay g v a -
n3291067 Feazgninyr ludiuvewnuiiaoans lnan lidluldawgauadluszyuiia

= 1 - [ " =1 @ " )
Tuailuaaa (Plug flow reactor, PFR) 15U Tune uazamialumsnszawallunesziing v

=l o o o 1 Y ~q ¥ o a a w " a
LﬂUZﬂingﬂQT ﬂ1ﬂﬂ1'§u’lﬂ'I‘U@\?ﬂ‘ﬂllﬁﬂﬂ.luﬂuﬂ@ﬁ"]'iﬂﬁl"ﬁnluﬂTiﬂ"l Tracers (WADNIUADONT)
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Fl'lﬁ'li';’] 2.5 MnTa ﬂi:inumaluuumnu‘um‘i:"lnm'l‘ﬂumiummnmu

AADUNITNTLIWAI (Dispersion number, d) N1INTLIILA
0 135im 05201067 (ideal plug flow)
YN 0.05 M5N5EDIAIN
0.05 - 0.25 MInszawaunaig
WINNI 0.25 MINTTIIWEIY
0 A1INTTVIWAI
E(t)= & (2.17)
> CAt
F =) tE()At (2.18)
P (2.19)
ul. L
iiio
E) - N3zauiivesnatnnniy (Rouni)
F —  HATIINIINTEIOAIVDINATRANIAY (ROUIT)
C = anududuveams Giadnsunoans)
At — fharmnuanaaiy (Ui
d = AAAVVDINITNILIWA
D ~ FlszAninisnszaed lumaunu (mauasa i)
u = BATUTIVOIVBANAD (IUATADIUIN)
i = AU (11AT)

Aﬂ. 9/ d.l c; s =1
t ~ palrlumamasun Guin)
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¥iia waz Wenn (2548) ladanuifanisldiialszauiuumiinaldiaau (Sub
¥
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3.1 aaniinazgunsns

3.1.1

3.1.2

GRRTLEY

I ﬁymmcﬂﬂ‘m (C,,H;0,)

2. ngaiina (C,HNO,)

3. Tumaidonlalasam (K,Cr,0,) 1n3a3insed 131 MERCK

4. losauenTuifloudania (Fe(NH,),(SO,),6H,0) IN3a3AT1EH  U5HN
MERCK

5. uenTwilonTuduan  ((NH,)6Mo,0,,4H,0) 1n5A3tAs1IZH 13EM
MERCK

o w

6. woulwoynuuan (NH,VO,) N3A1N51EH 1U5HN MERCK

7. Twumadoulupm (KNO,) 1n5ainsizd 159 MERCK

8. TmAvunanelia (NaCl) 1n3afns1ed 1USHM MERCK

9.  davhilawned nsadnsed V5N MERCK

10. Twunadoudamia (K,80,) IN5a9AT1¥H  USHN LT, Baker Co., Ltd.
11. woeianoonlsa (HgO,) INSANATIZH USHN 1T, Baker Co., Ltd.
12. Twdoulaasenlad (NaOH) 1n5ATAT121 VST 1.T. Baker Co., Lud.
13, TwdvyInTodama (Na,8,0,51,0) 1N5AA51EH VSN MERCK
14, TsRouanszunisn (Na,B,0,) INTAIATIZH U5HN MERCK

15. NIAUDIN (H,BO,) NTAAATIEH 13HN MERCK

16. nialuaSndaudu (NO) 1n5ATMIIZY V3N MERCK

17. ninlalasaaesmidudu (HCD) nsA3NSIZH D3N MERCK

18. nsadayindudy (1,80, miadnsizd U3 MERCK

19. MIazaInTADANBEDA (CH,CH,OH) 1n5a31A312H 131N MERCK

&4 - ¢
insoaianazgUnsnl
1. DansIdimdouvuIng 126 405 YUIANII 30 IHUAILNAT U1 60

IBUANAT T 80 LBUAINAT
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2. NOWIY VT UFIUTUINAT 2.45 IFUALILAT (4 ‘}111)

' .
A ar
J

3. 1A399N0Y (Distillation Unit) V3¥M BUSHI 3u B223 )3z
- o o
AIUBDIUAUA
4. IAT03IANINIDY (pH meter) 1581 Denver Instrument 'q‘lu 215 Uszne
0INQY
5. yauovanly (Distillation Unit) USHN BUSHI 31 426 15z
a o o
AIAYDIUAUA
6. 1n3palaan1nnsi v (Conductivity) 1/58M Wissenschaftlich-
Technische Werkstatten GMBH 1/52imawosiu
¥ a d |a = " d
7. 1n303UATIEHUSIIMEITOUNTO5IU (Total organic carbon, TOC)

';ju TOC-V USHN Shimadzu 'l_l‘izmﬁiﬁﬂ‘u

CSH
4 o L4 ' . a w
8. nsesmnlas Il laliines UV-Vis 3 Hehios a (double beam) 158N
Thermo electron corporation
d" —
9. n3palepaulnsuInniw  (lon Chromatograph) U3HM  Metrohm
' a o o
34 DX 600 1szmaainyosuaua
1 ¥
10. IInlTnmeendauaza1iil (DO meter) UTHN Jenway 319200
Uszinadanngy

11. 1A703F02100a 4 AUIMUA (Single pan balance) USHN Denver

' = 4 o
Instrument Company 34 TC-254 Uszmaadinaiuaua

3.2 YHUABUMSANUUNTIVE

321 viwaenlylumsanm
ny =1 1:; S [ o 1
dudvilylunmsdnu ntisesnilu 2 Uszian 1dun
: = ar o = ..-3' sfoy =Y 1:j L3
D dndeduanzigiesondu Tavlmimaglasa vaznsangamilaluunas
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a a o a5 A 1oa ~ s P =]
[Wudu 150, 300 wag 500 faaniudloAneans YTualulasiou uazveaose duilu
Ao " =y - o = - d = =] o -
msornsnsuiludenisnig@ulavesgaunid mTouvinuenTuilonnas’lss lalmndow
Talasnuoma uaz Tnunmaonlalelasnuromvialaoarugual COD:NP  iin
4 - =) :J S ' P
125 : 10 : 2 (www.ped.go.th) Fam1semisn s lumamssuindodunizvnanaluniziai
~ :f s W d o = o y o v
3.1 (Rusch BazAny, 2005) Mswsuinindodunsiziiimamsounniu metlosiumsgndos

9 =y - A o ~ I'd : =) a’: P
T:TﬂTEJﬂ'JUi!ﬁ'LIﬂ‘iUL!'ﬂgﬂﬁHﬂ‘Iﬂu LLﬁS:31ﬂ513ﬁﬂﬂlﬂﬂwu1lﬁﬂ1@ﬂﬂiQ‘YIWI'SUIJ
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2) UUAUBUBU 1avnszuniidaindsaiunaia NIDINAUIUGITIUIY
- o : ) ] ] : = . . - ) !
i].ﬁlg'ﬂ'i‘l]ﬂﬂﬁ [N U UIANIDYI9U DT I I IWUNEY (Equalization Tank) ﬂ@ut%"l’(fi%‘,ll'ljﬂzﬂﬂu

199 5EMTUN 2 -13 B0 2550

4 " oy A o
Gl'l‘jN‘?l 3.1 'mmJﬁzﬂm1LLa3m1mi’fm‘1‘1’uﬁmaunﬁummi1:H (Rusch et al., 2005)

31 (nSu/s0a03)

iminTuana
m3lsznay B 150 300 500
(n3u/Tua) . L e
un.aled/a, un.alod/a. un.¥led/a.

Sucrose (C,H,,0,) 342.0 297 5.94 9.90
Glutamic acid (CSHUNOJ 147.0 3.83 7.56 12.76
Ammonium chloride (NH, CI) 53.5 2.29 4.59 7.64
Disodium hydrogen phosphate 142.0 0.20 0.25 0.31
(Na,HPO,)
Potassium dihydrogen phosphate 136.0 0.04 0.23 0.49
(KH,PO,)

A ey P
3.2.2  wpnlylumsanm

aw H 3/ ay v 1
3Tt lFduadni (Thalia geniculata L.) Udg AUNNIY (Cyperus involucratus

o

= = A Y Y ov = [ o Y a w oy as
Rottb,) Tuszuuiisdszavy  tlosnindunanideaodug Indifosduaunnsiny
4 A A a 3 ¥q = Py d 1 9 oA a a
(www.Bloggang.com) G]N!fﬂuWGHYl'MUul‘b'rl‘u‘iﬂnl‘lla'llﬁzﬂ‘ﬂg dauaunnsuilszansninlums
4 E
fdalulasou uazWoaosa'lda (lamchaturapatr, 2006) WONVINT AUAANIT LAZAUNNT Y

gation ¥ lumsdaaiu menNuaInNw
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3.2.3.1 MSaaEAnA 15Ul

1) SUURWINLALEZATANYIIANTIA 030 11IAT 8717 0.60 AT F390.80 AT A
qﬂywwhﬁ'u 126 A3 1091 3 69 (U 3.0 M luusazdulszneudioiomaiieoniiing
ta-1la g3 15 (RAA), 30 (39B), 45 (JAC) 1Az 60 (39 D) IFURWATNINMILUUTZUY AW
aoludalszneudiovofidFvinaduriugudnats 245 wuRiuas 011 15 U aodh

[ 1 :’ : s " 4 : 1 o
Auneniahieeniszauaisg Tunuruewioszuivii lasmizgvinaduriuguonals

Ed
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2 HADUAT TTUSHI 1T IUALNAT ADDANNUITIIND ’*'INE‘YIL"!]'I%NBUGHuﬁ'NLﬁﬂﬂﬂﬁﬂil1ﬂ1ﬁ}lﬂﬂ

Y

MIgAdL (UM 3.1 v)
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nsouryiaanivinalvg
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fuguiie
L l // N5IARID0A 3 BN,
A T — - NSIANII S ¥, )
(A) 1S "Iﬂ.l.I ¥ x Unsaturated Zone
] 7 WU,
(B) 30 .
_ 2 NIWHONI 60 A,
(C) 459U, Saturated Zone
. P o 1 70 WU,
WERIRITST
\Dyeuat; ] T nsaaazidon 3 s,
4 w J
v ¢ a Fosavow 7w
10 Over flow (n)

(V)

d' 1 ' = a J : ya a a
JUN 3.1 nmuaasdulszneuaie 9 vosszunialszaugunini lnaldmauuuias

3 =4 a o 1 :}
(n) Iﬂi\iﬁi14ﬂ101u§$UUUQﬂ§$ﬂB§ (V) NONMIDBNUDIUN
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3.2.3.2 MANBIANUNTHVBININGS (Total porosity, E)

wern 15315 IavesszuuTaol#33 core method (Dane. 2002) Fafidunou
M5 AT

D nudmed iy likiaie1nsaa$s (undisturbed sampling) 2 A Tusz
audumLoauRTEAUALAN 0.2, 0.4 102 0.6 AT mmﬁwﬁu‘lu%umwﬁagﬂﬁ 32

2) AATILHMIANUIUWNIUTIY (bulk density. p,) AwTIwazBoaluninrun
-1

3) AATHMINNUHUWULUDIOUNIA (particle density, p) AT wazBoaly
AIARUIN N-2

4) MUIVHIANUWTUVDIAINAN (Total porosity, E) d9aun1sdi 2.1 Tuunii 2

y = a ' I o
31U 3.2 manuaredianun Tiviaieas 1319 (undisturbed sampling)

3.2.3.3 MISANEINGNIZW V031508 H5=UY (Tracer Test)

VI a @ &

MIANEINIINTZ00d Ius D95 2a1HIne 3 52y 199F Tracer Test a4

o o o = : w ciy

Tus lud Wudmaaon TTuaoudil

= S v Y Aa a o 1 a g
) wisyasazaelus ludidudy 10 Taansuaeans azareluiiiiisaen
¥ '

looau 10 Gaaans TasdnunidSuiasiinieluszuni 1.2 uaz 3 mud ey novdald

amnanaluszuy
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3) inudedinhinesnainszunieg D 10 9 12 ¥ 103 1h I35 eiaiy
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° VoA W a o ' 3 9 o o
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pavnomuInmIaINMInszoea I luszuulasldaunish 2.17 uaz 2.19 Tuumn 2

3.2.3.4 msdSvammvedszuy
a a 9 o Q@ 4 = d A
Tumsisudu@auszuudoaiimstSuaninszun oad19dlauF N (biofilm)
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SEUVA 1 (AN

s2UUN 2 (A1)
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FEUUN 3 (NNTY)

(¥3.) Wl 2| ¥ |SD.|1@1|yA2| ¥ [SD.j3@1( 32 | ¥ | SD.
20 1.49 [ 1.56( 1.53 [0.01 [ 1.45]1.45]1.45|0.00 |136| 143 [1.40]| 0.05
40 1.54 | 1.53 | 1.54]0.01 [ 1.62|1.60(1.61 |0.01|1.48| 1.57 |[1.53] 0.06
60 1.57 | 1.55 | 1.56 | 0.01 | 1.50 | 1.50 [ 1.50 | 0.00 | 1.53 | 1.53 | 1.53| 0.00

4 v a =3 = o
ﬂ'l‘ﬂ\iﬁ V-2 ANUHUUUUDUMNA (p S) ma&mnmﬂmzuumﬂ‘smyg

FTAUANAN TNV | (GRYEN) s2uui 2 (i) 32uufl 3 (N3)
(1.) Wl (2| ¥ |SD. (31| 2| ¥ |SD. (31| 302 | % | SD.
20 2.58 | 2.64 | 2.61]0.04 | 2.65 | 2.62 | 2.64 | 0.02 | 2.63 | 2.63 | 2.63 | 0.00
40 2.64 |2.61|2.63]0.02|2.67 265266001 |2.60| 2.63 |2.62| 0.02
60 2.64 |2.58|2.61(0.04 |2.61 | 2.60 | 2.61 | 0.01 | 2.62| 2.60 |2.61 | 0.01

a; s " ' " % 7 =1 a
MINN V-3 AATIUBDIIN (o) voaaInaraluszuuiialszavg

v

FTAUANWAN | STUUN 1 (AIVAW) TEUUA 2 (AA1) FTUVN 3 (NNTW)
(a511.) Wl (92| ¥ |SD.[3@1|9m2|  |SD.|9@1| 302 | % | SD.
20 0.73 | 0.69 | 0.71 [ 0.03 | 0.83 | 0.81 | 0.82 | 0.01 | 0.93 | 0.84 | 0.89 | 0.07
40 0.71 | 0.71 [ 0.71 [ 0.01 | 0.65 | 0.66 [ 0.65 | 0.01 [ 0.76 | 0.68 | 0.72| 0.06
60 0.68 | 0.66 [0.67|0.01 [0.74 [ 0.73 | 0.74 | 0.00 [ 0.71 | 0.70 | 0.71 | 0.01

o ¥ w ] a <
MINN ¥4 FouaznnuniuvoIdInanluszyuiinlszavg

sEAUANUAN S‘;‘l_nlﬁ L (MUQU) ‘Jw‘uﬁ 2 (ﬂﬁ'ﬂfﬂ ‘i:ﬂl'lJ‘ﬁ 3 (NRTW)
(31.) W1 |WM2| ¥ [SD.[301|y02|  [SD.|3a1| 92 | ¢ | S.D.
20 42.25 |40.91(41.58] 0.95 [45.28|44.66 [44.97| 0.44 |48.29| 45.63 [46.96| 1.88
40 41.67 [41.38]41.52| 0.20 [39.33]39.62(39.47| 0.21 [43.08| 40.30 [41.69| 1.96
60 40.53 [39.92(40.23| 0.43 [42.53|42.31(42.42| 0.16 [41.60| 41.15 [41.38| 0.32

m'ﬁ‘uﬁg\:ixuu 41.48 [40.74|41.11| 0.53 [42.38|42.20(42.29| 0.27 |44.32| 42.36 [43.34| 1.39
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2 0.0073 0.0074 0.0076
3 0.0074 0.0072 0.0077
4 0.0074 0.0072 0.0075
5 0.0073 0.0072 0.0078
X 0.0073 0.0073 0.0076
S.D. 0.0001 0.0001 0.0001
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o

STUUA | (AIVAY)

] v
FEUVA 2 (AN

FTUVN 3 (NNTN)

Time Br
(hr) (mg/l) tc t’c lc t'c e ¢
(mg.Hr/L) (mg.Hri/L) (mg.Hr/L) (mg.Hr/L) (mg.Hr/L) (mg.Hr/L)
0 0 0 0 0 0 0.00 0.00
12 0 0 0 0 0 0.00 0.00
24 0 0 0 0 0 0.00 0.00
36 0 0 0 0 0 0.00 0.00
48 6.809 0 0 326.832 15687.936 0.00 0.00
60 11.068 117.2 67032 664.08 39844.8 44514610.56 74888150.40
72 30.94 1543.032 111098.304 2227.68 160392.96 247491469.85 171428238.22
84 21.093 2006.088 168511.392 1771.812 148832.208 | 298570506.48 | 338048681.35
96 4.644 508.128 48780.288 445.824 42799.104 2174742312 '24786630.18
108 10.498 1196.964 129272.112 1133.784 122448.672 | 146566652.23 | 154734064.27
120 1.676 528.96 £3475.2 201.12 24134.4 12766132.22 33575841.79
132 1.824 366.96 48438.72 240.768 31781.376 11662493.74 17775072.69
144 1.101 236.016 33986.304 158.544 22830.336 5388324.58 8021311.52
156 0.168 0 0 26.208 4088.448 0.00 0.00
168 0 0 0 0 0 0.00 0.00
Total 670594.32 7503.348 7196.652 612840.24 788707612.8 823257990.4
Dispersion number, d 0.01 0.01 0.01

WO : tc = seozaunavnasazayluns vl Tracer (mg Hi/L)

e = szoznaundonmsazanlunsvl Tracer MAIADI (mg.Hr/L)
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AN V-8 1130 AT UNEIAA DRTIMTITINY tazdni1na lnihveany luTszui |

(MIUAY)
. gungil Vet | VRinanhosnan | Sasimsszmeveniuas
e (DIFNTAITUA) SEVUARS) V@D | SasimsIdihwesiie Basw)
26 N.W. 2550 29.4 5.20 311 2.09
2 3.9, 2550 30.1 5.20 3.15 2.05
12 1.0 2550 30.2 5.20 315 2.05
16 1.9.2550 29.9 5.20 3.10 2.10
26 11.91. 2550 32.6 5.20 3.15 2.05
30 3.9 2550 33.2 5.20 3.00 2.20
X 301 2.09
S.D. 0.06 0.06

Aﬂ' [ P Y s o q ¥ : =1 c.;
191490 V-9 manamulmuuﬁaimﬂ DATINIIISINY L!.ﬂzammﬁhﬂﬂﬂ&Wﬁf“lu‘i:‘mm 2

¥
Y o
(A1)
= = s ¥ < > o X
Lo LR USmaniud  [Usuanhesnain | 0RIINMIIZIMBVENIIAL
IURNY . R = 3 yr e
(GRGRIEGIE )] FZUU(DNT) FTUV(OAT) M3 IM3 190 INY (Ba3/ )
26 1M, 2550 29.4 5.30 2.85 245
2 .. 2550 30.1 5.30 2.94 2.36
12 11.0. 2550 30.2 5.30 3.00 230
16 #.11. 2550 29.9 5.30 2.90 2.40
26 1.9 2550 326 5.30 2.80 2.50
30 1.A. 2550 33.2 5.30 2.65 2.65
X 2.86 2.44
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Between-
Std. Std. 95% Confidence Interval for
Component
Deviation Error Mean
Variance
Lower Bound | Upper Bound
Model Fixed Effects 95402 24633 87.1746 88.2480
Random Effects 40919 85.9507 89.4719 32028
ANOVA
Sum of Squares df Mean Square F Sig.
Between Groups 5.023 2 2.512 2.759 .103
Within Groups 10.922 12 910
Total 15.945 14
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Descriptives
95% Confidence Interval for Batorenis
Std.
Std. Error Mean Component
Deviation
Lower Bound | Upper Bound | Variance
Fixed Effects 70466 18194 82.0276 82.8204
Model
Random Effects 30503 g1.1116 83.7364 17982
ANOVA
Sum of Squares df Mean Square F Sig.
Between Groups 2.791 2 1.396 2.811 100
Within Groups 5.959 12 497
Total 8.750 14
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