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SASIVIMON SUDSAEN : COMPARISON OF SURFACE AND
SUBSURFACE FLOW CONSTRUCTED WETLANDS FOR WATER
RECLAMATION OF HYBRID CATFISH CULTURE UNDER HIGH
HYDRAULIC LOADING RATES. THESIS ADVISOR : ASST. PR

JAREEYA YIMRATTANABOVORN, Ph.D., 230 PP.

CONSTRUCTED WETLAND/RECLAMATIONHYBRID CATFISH/

AQUACULTURE

Aquaculture need large amount of water and produastewater with high
concentration of organic matter. The objective o tstudy was to investigate the
water reclamation potential by using constructedamels forHybrid Catfish culture
under high hydraulic loading rate (HLR) to minimidee area of requirement. Two
control aquaculture systems (CAS) wetgbrid catfish culture with tap water, and 4
reclamation aquaculture systems wetgbrid catfish culture with reclaimed water
from free water surface constructed wetlands (RA®SIF and subsurface constructed
wetlands (RAS-SF). The RAS systems were operaté@rudLR of 0.32, 0.64, and
1.28 ni/m*d, respectively. The result showed that RAS-F\if8ctvely removed
TKN, and RAS-SF effectively removed TP in range66f31-84.11 and 67.78-74.60,
respectively. The quality of water reclamation fr&AS was in range of standard for
aquaculture. There were no significant differende hgbrid catfish production;
percentage weight gain (WG), specific growth r&&R) and survival rate between

RAS and CAS. The hematrocrit (Hct) and hemoglobih)(of CAS and RAS were in



an acceptable range reported in the literaturesl #e organic matter removal rate
constants (Ko at HLR 0.32-1.28 riim*d were 0.168-0.964 dfor RAS-FWS and

0.538-2.283 d for RAS-SF.
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4 2 gL a ¢ tyyy b a o ¢ oo o
pH 8age3ungeaziions Isvedmaazareluiilddosas (Tudu dumanad waz Jusny
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AUNDLIP, 2547)
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] %,’ a A @ = o Y a [ A .
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d’ o ] g d‘d aol a A % a A
(Lawson, 1995) tiatlarendueg luiihni lu lasnuazmehguiugaoudind nszuaionlu
Y 4 a [ %’
alanvzgadylulaswunmi e liiiaaugaszrnglulasnuluiues ludea darved
1 A a v a a A a 3 = o Y
TuTasnuazargegludeaninifunidnd minlnsudsundavnavusuiinair1d
' A I [ o Y a (% A o Y
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a A a a o Y, o A o 4
vyuReuveateanaanvatmezaela (uaw dumanal oz Twwssa wailsenn, 2544)
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2.2.8.1 eenTIRUATAIWIN
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1 Y ' a VA 3
PONTIUDATLOONNIAZA10DY 1UIINAZIINNITUNTVOIDDNFIUVINUITTEINAAIFH U
=S dy Q( %
(D89 1550 INTYN, 2525)
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=

9
aolald meldaniizdsnanilatonadaie Isannuuaiiselddie luneasedudiuilan
2 ' Y Aa A ' a v A o 3 g YR A a Y Aa
esegluiinloonsauazaigoggunuszaududalrnilulsalade lsanmnaniniing
a ] a =} 1 A é a a [ A

ponguazmsagnny 1) Sonn lsnvosermalten Faunavninmsmavesmaluion

~ dﬁ Y %’ A a o g A s a S [ 1 ) Y
luvaiznlanadoudrnminiesndaugunduinesndaud lsnawnarililaine

~ A A [l 9.{ A~ a 19 J a ] 4 o o 4
Tuvazmadoun lluregluihnleonFnuazaeegiios (Tudu dumandl tag usny

% 4 Aa a a 201 ] Y [ {
Aaimanal, 2547) MsAny1dNTNaveIoenFIuazaeth lutsmes)al awdaslumsed 2.3

1 a a a 9°I ! ]
A13719N 2.3 ONTNAVDIDAFIUAzAwIINUaABan

A %‘ a a A
PONTIIUALABU ansnaniaoilal
=< ¥y a 2 g o
<5mg/l prvnemedunaTuIuaLIY 9 rater i
A nm vy 19 A g ] 1 A’ a a 9
alinTIneg e uadunauedsaeiiios arne wigdn Tad
1-5 mg/1 , b
oz ldamnsoveneug laa
o o a a v J 1 1 a v A o
> 5 mg/l minzdmsumss ya Tauazueewig ua lunuszauauad

v A @ Jd
UUYLYA - UUTU AUNANIAY LA ulWWﬁiﬂ! wsdsem (2544)

Uaugaz¥iaazlaNuauTn IUMINUDDNTIUA JIMINY V1IFIA
AAa 1 I 1 9 ] [ A ° Y
21903 3n0g luihnil DO 0g 0.5 mg! lanatesd T ualarmatestiany DO ¢ ldies 3 mgl

A 1

o v ° A 9)3 " v v @ % A~
Tagnlilszan Do dmgandarznuldvuegnuszeznarduna Uare1alizInogluihnd

[
13

pondiuazaeey 0.5 mg! Idvaredalus daninnueendinuazaretha 18aluggruna
g ¥eu dmsudnini limidumeiied Do f1nd1 3 mg Fufunasiiar Do edhartew
5 mg/l YanT99ziFIneg Idiuind (Stickney, 1993) Ja1gngananiidnsimsseaniogan
Uaaneui3 Sy (Chamel  cafish) vileendvegluthiineendauazateegies (Dunham

etal.,1983) Aauanglua1s1an 2.4
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M990 2.4 nfSeumeusasimsmevesilaignoninuiaziaigngnwa

v
[ U

H \ a a Ql \ a
“ﬁi&’ﬂUﬂTﬂﬂﬂ‘]ﬂlﬂuﬁ%ﬁWﬂﬁTﬁﬂﬂﬂ’ﬂ 1 HaaNIUNDIANT

s founzonsINInY founzonsINTAY
anyULMWIZIAB .
volaranomIny voatlangngnwaw
o 50.5 7.5
wlaanaass 87.5 51
89 100 33

YUY : Dumham et al., (1983)
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=Y 4 a = dy £ o ~ o YA 4
ﬂﬁuTmlLWﬁﬁﬂﬂ@uuTﬂlﬂul‘lﬂ (RN LGI)'?JIW‘ﬁWﬂ, 2525) Llﬁ&’ﬁu‘l’iﬂ‘l/l‘l/l'ﬂ‘l’iiJLlWﬁ\‘]ﬂ@ﬂuiJ']ﬂ
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[ A A o d 2 1Y = o 3 A
clu‘lfi]ﬂﬂa’lﬁﬂutuﬁ]ﬂi]'IﬂﬂﬁZ'U’J‘Llﬂ'lﬁf’fﬂmﬁ'l%ﬁuﬁﬁﬁuq@aﬂ ﬂ\‘lllﬁﬂﬂﬂluﬁﬂﬂ 2.11@81/]:]]11J1J'I‘VI

U
]
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a 1 v a 3 A
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o v
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1 4 v a o 4
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Yy 1 =) =)
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a 3 a ] 1 1 A A [ a [
LL@NINL EJE)ﬁﬁ%L‘]JHWE@EJN?J']ﬂ@I@‘iJﬁ'I LL@ILL@NINLHH@@@U“NHJHWE daTIUVDI NH, Uag

? 3 Y a = ' = A @
NH, Tuihduegny pH gamgiinaziiuanndons YSuia NH, awziiuauszan pH ag
aa 3 Aa A 1 = = ¥ ! a
QUUYUNGIVY  (Lawson, 1995) pH NanFwaaainlvowey Iuieluinumnniigavgi
A 1A

= 1 go‘ Aaa a 9 1 = o a = a % 9 A
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A 2 o {
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NH,+H,0 —» NH, +OH

NH+H  —>NH, .1
3 4
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| | 1 1 1

6a.m. noon 6 p.m. midnight 6 am.
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A o 1 @ 24 J L v X
51 2.2 marulsTusrsiuvesmamisveu laoen lad lutieidosilar (Lawson, 1995)

229 msiinaa qlnh
a =
2.2.9.1 WuvoweNliY
= o 9 1 @ 1 =\ A
oy Tudeazih I dan luaunsaduasnen Tullvoanainnszudiaon

@

¥ a : y A2 o 1
a1 NH, luhdSuaganu T Tuesagnszauuen Tudleluiuinay dardvoieuen Tudie 14
v o a A A 4 2 X o q ¥ A A ] 3
doraazszauuen luileluaeauas luiieweamiuay vl pH voudealmgavuaziy
A Ana A A ° Y 9 a A X ' Jya o 1 A
HaLTeRp AT AATAN ) M 1HNANUABINMTBRNFR UL No 1HIAATUAT 1WABIHIDN
1 a 3
tazannNuasaveudenlumMsvuaeeenFou NNt sTue 0.025 mel
1 1 a a Y o w = A A 1 Y a
gunsadawansgnuaemsiyay lavesdar dsnadsuavesen luiisdase liliinu
4 ] I a 1 I~ g‘u %’ {
0.025 mg/l (o lilidlunbaedar) USuavewen Tulenavua (NH, +NH,) Tusiiil pH

Aa = 1 Aa Y ~ < 19 a 0 Yy 9
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g‘; (] a 1 %’ 4 [ %’

voen Tutlensnunzged 3.1 mg/l 14 Tao ludlunnaolarluihnd pH 7 uadh pH veaii
= = g’; Y a a g// Y I @ A

g309 9 uenluilonavunazaed lunu 0,056 mg/l Uaziundrlanztluduasioiiosnin

A J a v a o J ' A A

pou Tuiodluiy Wudu Aumandd taz Twwssa wiisza, 2544)  awesuon ludion

o @ g v 2% '
WiiJ"lzﬁﬂJﬁ"Wi3‘Uﬂ”lil‘W']gLaEl\‘]ﬁﬁ'flu"lﬂ'ﬁﬁﬂﬂﬂ'l'] 1 mg/l (Lawson, 1995)

v Y ' 9
M5199 2.5 anuuduvesen Tudionavua (NH, +NH, ) Neou 1 1a1uin

Tao luflusuamovielinadomansaan Tnvostlar (NH, lsiifiu 0.025 mg/)

gunfi
. pH=7 pH=17.5 pH =8 pH=38.5 pH=9 pH=29.5
(0
5 19.6 6.3 2 0.65 0.22 0.088
10 12.4 59 1.37 0.45 0.16 0.068
15 9.4 4.3 0.93 0.31 0.12 0.054
20 6.3 2 0.65 0.22 0.088 0.045
25 4.4 1.43 0.47 0.17 0.069 0.039
30 3.1 1 0.33 0.12 0.056 0.035

) (J Jd

WM : NUEY Ananal uag Twnssa wiilszn (2544)

a d
2.2.9.2 fivvedlulasn
Jd o Aaan @ a o a a
Tulasienusainlgasernusluinatald siildunsluTnadu
] U a { ] o a a
(Methemogobin) liausovuaeeendanld darnlasu lulasnefimns IuTnatuludea
' ] I %’ { ] e ] a 1 4 [
Funuldiudhaa darnlerniswuil iawselidiaegld iiesninluauisald
a o ¢ A 1A ] 4 aan aay <
pan@an  myazauddveslulasnizeiufavinanyluauyssivesilfase luasiliagu
o a o 4 1 oA ) o
(Uuau dmapandd uaz lawssae wilsznl, 2544)  awed lulasiimuizdaudmiums
d’l A A9y 1
IWZIABITA3HIA251A 0871 0.1 mg/l (Meade, 1989)
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Jagiiuurasihsssumainezdudloudlesasviinaia 9 ¥ailuduasieae
o o’%‘ a ay ~ 1 o ) Y A
dadih Taginannsnavee1sanugaaIMnTsN MsNBATNTIY Nogedy 1Hudu 1iegan
g @ u”aol % ' ?al a o a 1 e
MIzasIda inAe A a1 53 50A (Usziiies a1Renme, 2534) ansiemanil

=R A 1 dy [ o”o’ A A 1 = A
iNllNﬂﬂﬁz‘ﬂﬂ@ﬂﬂ']il‘w13!.?181%1@31!']1@8@]3%’“51/\1191“V]ﬂanll'lll 21l521A1 Ao
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ﬁ"lﬁﬂﬁ'l‘ﬂ')“b’ﬁ“b’ ﬁ']iﬂ"l’i]ﬂl%'ﬂﬁ? %\‘]ﬁﬂ"lﬂﬂ?ﬁlﬂﬁ']ﬂﬂfuﬂ VNYUATUAIUT) UWQ%uﬂﬁﬁWi’J@'}‘%}W
~ = 90‘ ~ dy o d%’ 1
MITNN 2.6 ﬁ;ﬂﬁmazmﬂﬂ@mmwummmzﬁuﬁlumﬁmmaﬂmmuﬂmmax
a 14
NWITTULADT

4

A Y Aq o v A v do
137190 2.6 f;lﬂ!ﬂ'lwu’]ﬂclsﬁgluu@laﬂQﬁ@ju']

o o A a 4 ' 1 1
;AN WIS NDT My lm noy agn
L Taifiu | MPN/100 wa. 10 1
1 Inavlesunuanise
qaga | MPN/100 wa. 100 5
duvisdans
cop’ TaiAu mg/l 50
fge mg/| 10 5 105°
2 BOD -
a0 mg/l 30 20 412
DO Taiipu mg/l 5 >5°
Y
i gqa mg/l 5 2
3 pH - 6.5-8.5 | 6585 | 7.5-85"
AMANIANIINIENN
. fga NTU 5 5
ANVYY
qeqa NTU 10 50
. Man N 5 10
@
gaga N 10 50
4 Mga mg/l 10 10 40°
SS ;
qaqa mg/l 20 100 225
y fga mg/l g i3
"13098U(Floating o P
114 114
Solids) gega mg/l v N
1119 119
Alkalinity’ mg/l 10-400




~ %’ A 9 ] dy Y] (%,’ [}
137190 2.6 @mmwumclﬂuuammﬁmm (919)

o o A a s ' 1 1
GREMNT WITIWNDT HUIWY lan 1oy a1gn
AaauAnaual
figa mg/l 1,000
Total Solids
guga mg/l 5,000
] fga mg/l 1,000
Chloride C1
qNga mg/1 2,500
I fga mg/l 0.5 1
RERIISIANTYY
qige mg/l 10
5 :
fign mg/l 0.1 1
Phenol
guga mg/l 1 10
Ammonia’ (NH, ) mg/l 0.02-1
Ammonia’ (TAN) mg/l <1
Nitrite’ (NO,) mg/l <0.1
Nitrate’ (NO,) mg/l 0-3
Total phosphorus5 mg/l <0.5
6 gUNQIl °c 16 21 27-29°

vanome - A dumaend uag Tuwsra natszn (2544)
> Tucker and Hargreaves (2003)
* Stickney (1993)
* Tucker and Abramo (2008)
* Meade (1989)

° Tucker and Robinson (1990)
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252 ANNANY (Water Depth)
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HNBLNA ' Samudro and Mangkoedihardjo (2010)

* Meade (1989)
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(m3m-2d-1) - (mg/1) (O (NTU) (mg/l as CaCO,) (mg/1) (mg/1)
szang (cm)
Std. >5 27-29 7.5-8.5 30-60 5-10. 40-400 <50 0.02-1.00
CAS 9.37+£2.34 27.76+2.28 7.64+0.64 | 26.89+3.03 9.44+0.8 341.06+46.9 89.00+32.4 1.14+0.19
0.32
RAS-FWS 8.19+1.57 27.50+2.40 7.84+0.46 | 27.95+3.18 9.30+1.7 375.61£23.5 90.18+43.4 1.35+0.25
(n=9)
RAS-SF 8.88+2.40 27.41+£2.23 7.77£0.56 26.37+4.40 9.27+2.1 369.22+32.3 74.44427.3 1.05+0.16
CAS 8.51+0.42 27.54+0.63 7.71+0.14 32.91+1.69 8.00£1.8 118.59+7.4 134.64+28.6 1.42+0.31
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27.60°C MUAIAU LAZNOATINITLTVUINNFAMAAS 128 m* m~ d' UAUMINU 27.83 27.95

[

o v 4 { ' J a 1 ' Jd
18227.18°C MUaIAY (13199 4.3) tazInglhn 4.8 nuwangurgiiainaldeg lunum
11A331U (27-29°C; Tucker and Robinson, 1990 ) tiipthdoyaveiniguuniueeszuy CAS

1oz RAS lUnaaaua1nnutanaan1eaafnaeds Paired Test WU MUTAMNLANAIIN U

'
aad

pgalitivdngmeananszauanuFoiuiosas 95 (P > 0.05) astaasluninnuln 2. (1519

=

N 9.1 n.2uaz 1.3) Werhdoyan1guuivessz iy RAS Lu1 FWS 1agui SF 19a351015%

Y
(% o

Jd @ an ' 1
SuhmerasnaaiaenunageuaNutslsun1ediaaies One way ANOVA W bl
lanuuanaenuednivedirynananszauaNu¥enuiovas 95 (P > 0.05) Aaaaslu

A 3 Y1 dy A %’ a 4 g‘; a a ]

MARUIN B. (M13199 0.4) sz IdNszuniunguhlszavgne 2 wuy Targungil b
' o A o o ¥ 4 . ' ' ad
HANAIINY LANERTINTZ5UMINIeamM A Tucker and Robinson (1990) Na1319Mna i

E T ¥ 1 ) 1
H’i3J1$ﬁ3J5U’ENUTClUU@laﬂQﬂﬁWﬂ?ﬁﬁﬂT@Qﬁgﬂ’JN 27-290C LLﬁz%TﬂNﬁﬂWiﬁﬂH?ﬂJ@ﬁ Swann

9
a o

v 2
(1997); 0115 ule (2551) wunmanlasuuilasvesgunguinluie@oslarinaaonis

U

o a a a a a v
ﬂ'liﬁ%’)@ WEANITU ﬂ"liL%iiylﬁ‘UI@ NITNUDINIT Llﬁgﬂﬁ%‘ﬂwu‘ﬁﬂlﬂﬁﬂﬁ"l

q

- o E cas
295 Std. 27-29°C
2 [ ras - Fws
285 [ ras - sF
L2 284 —
s :4:<
§ 2754 xm_ Q__ shed
& T 0
277 \ e e \’:’: -
265 - \ o o \;;
26 e T el T = 1 3 02 -1
HLR(m m d )
0.32 0.64 1.28

~ = 1 a H 1 dy
717 4.8 ulssuisumeangivesilulie@eaawny CAS RAS-FWS

q U
! 4
o o

o Jd 1
iag RAS-SF NOATINTLSVIIMNTaMaATAI 9
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433  manuilunsa-are (pH)

' v 9°I ' Y
AURGEYeI pH Vot lulioneelaigngnraussuy CAS 1agszUy RAS

b4
o o

'cu 4 - - ] 1w
HUY FWS 11ag SF 1995191525 U1IN1%aenans 032 m m- d' UAUMnNU 7.64 7.84 uay

o ¥ 4

7.77 MUAIAY NOATINTLSUUINNFAMTAST 0.64 m' m~ d ' UAUNINY 7.71 8.13 uag 8.22

H s

MUMIAD 1azNonIINILTVIINIFAMAAT 128 m* m~ d ' UAWMNIND 8.00 7.92 1ag 8.06
o w { { 1 1 [ ' 1 Jd

MUAIAY (37199 4.3) 1azaNgUN 4.9 WuNKaA1 pH Asna1ley lunuNINAIFIN (7.5 -8.5;

Tucker and Abramo, 2008) 114o3av09A1 pH Y0952V CAS 1ag RAS lilnaaeuminiy

b4
o o

1 aa AW 4 1
LANANNNADAA0IT Paired Test WUINOATINTLTVUINIAMAAT 0.32 1oy 1.28 m/d 1]
lanuuanannuedeliisdAgnsatanszaun Ui uiosaz 95 (P > 0.05) uANOATT

@ %:1 J - - v @ v v o w aad o
MIZSUNNFaMans 0.64m' m”d' Uanuuanannuedelisdiayneadanszaua
A d oy o A ' P~
1oUU300a 95 (P < 0.05) ALUAAITUMANLIN R. (M50 .1 R.2 1Az 1.3) lAsAlnALUDY

] dy a0 1 ] dy d' o Y 1
pH lutie@esi/amuy RAS Imgandve@esianny CAS wetdoyayanl pH 1095211
{ o o ¥ d @
RAS 111U FWS 1zt SF 19a51mseimhmasamaasaanuuimadounnuuilsilson

o

NNADAA0IT One way ANOVA nuMilanuuanannuegsiiioddgyneananszauny

A v Y Y] A A o o %JI 4

ForuFounz 95 (P <0.05) AAAIIUNANLIN B. (MT191 n.4) TaeNonsIMszs UIIMerarndn’

0.64m' m”d" A1 pH geNga 91NHANITANBIUDI Stickney (1993) and Osman (2010) WUIIAT
=1 1 A =4 4 = % ) a1 1

pH Tnadomisi)asuuasvesen Tudlisnazmiveu laeon lad 9nnan pH UaA1gandn 9 ag

Y
lnamieludemeslansadnlalde
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B cas
8.8 - Std. 7.5-8.5
8.6 - Bl ras - Fws
8.4 - I ras - sk
82 —
8 5 § B
: ><?‘< worax B
Q [ }<>< }‘}‘
7'8 7 ?<}< " >t>t \?<}<
905 siad e
7.6 0 i s
74 - o s e
21 N 3 i
K] L ] L K] .
I B o0 0 B 3 2 -1
7 T = T WHLR(m m d )
0.32 0.64 1.28

31U 4.9 ulfsuineum pH vesrh lutiei@esawny CAS RAS-FWS

{ o o go‘ Jd 1
iag RAS-SF NOATIMTLI VUMM aATAI 9

434 MM INVBING (Transparency Depth)

v Y
fﬂm%ﬁlﬂﬁﬁ@ﬁN"luﬂJ@QLLﬁQiUU@LaﬂQﬂﬁWQﬂQﬂNﬁil'iZ‘U‘U CAS Uagizuy

9
@ o

RAS 111U FWS tiag SF 16A5101525 Ut esasndas 032 m* m”> d' JAuny 26.89 27.95

9
[ ]

o w { o J - - 1 LY
AT 26.37 cm MUAINY NOATINITLTVUINFARNAAS 0.64m m~d' UAUNINY 32.91 31.56
o w { o [ 30) I'4 - - v T W
1A 31.05 cm AIUAIAY HAZNONTINTLSVUINAFANS 1.28 m’ m~ d HAUNINY 32.67

31.07 1A% 30.33 cm MUAIAY (M3199 4.3) 91AFUN 4.10 WuNAIMsARIHILVOITITDg Y

Y A

J o o aol 4 - - 1 314 { 1A
INAUNVINTIIU IDIUNDATINTESIVUINNYAMTAT 0.32 m3 m2 dl mmuﬁﬁmmummgm

v a o Jd 4 ° 1 1
(30-60 cm; WUAU AUNAIAN LA ll“W‘Wiim ‘Wiﬂi%ﬂ'], 2544) Llﬁ%ﬁlﬁﬁ)uﬁgllﬂll“aﬂl’ﬂﬁﬂ'lﬂﬁﬁﬁ)ﬂ

q

HIUUDILEIUDITEUL CAS 1A% RAS INaaoua1autanaaniaadaaieds Paired Test

4
1 [ [ C

{ 4 ~ - ] ] @ ]
NUNNOATINTETUUINYAFAAS 032182 128 m m~ d  UANUUANAINAUDEII)

[ o A v Y 1 [ o

v o aa ! 901 4
HITAYNNADANTEAUANUITOUUITDYAL 95 (P > 0.05) LANOATINTLSVUINIFarans

.

'
v A

0.64 m’ m” d" Hanuuanaetuedaiifodyneadan szauamudeiudesas 95 (P < 0.05)
Suaaalumanuan o, @597 8.1 0.2 waz 2.3) lnsaundsvesmsdesiuveaudalute
@oaainuy RAS flmgqmﬁﬂmﬁymﬂamuu cAs uaziiiothdeyammsdesiiuvoia
YBITZUY RAS UUY FWS aziiuy SF Asasnisziuhmesamansaaiumnadeuny

11/51/57Un19a0AA287F One way ANOVA wuTianuuanaunusgeliisdngmeanan
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[l 1 H H Y
STAUANNYONUT 08aE 95 (P < 0.05) aduaadlumaniin . (1135199 2.4) Iagndasimszsuiin
4 K a v 1 1 { < 1 1 U [l
NMRYaans 0.64m' m°d’ BAmsaesduvodIgaiga wmiu laAnmmsaesiuveas

g’/ A A 3 A o o %’ S A 3 Y 3 1T W

N3 2 5301 IAniugaudosnsimszsuimsamansinuany udaldmunanyazng
%:1 dg o Y ' 1 v YR A g = v a

memwueatnavy i lduasmuisoasaniullluds Idanungavy :nmsanyIveIUaAY

@ d v 1 v { 1 1
AUNALIAN LD ul‘W“INﬁﬁill Wiﬂi$ﬂ1(2544) W‘]J’Nﬂ"lﬁﬁ@\‘lWTU‘U?NLL?N“?IL“Hll']gﬁiJﬂ'JifJﬂ"l’ﬂg

¥

1 1 1 1 1 1 301 1
115729 30-60 cm i%}'Iﬂ'Iﬂ'liiﬁENN'Iu“]JENLLﬁQfIﬂ'Iﬁ}E]EJﬂ’J'I 30 cm uwﬁﬂmmguuwﬂ Eglj']u UnNIg
Y

J 1 1 % ] 4 DR 1 g o do
ARINIUVDILTININNIT 60 cm “L!'Ihlilflﬂ?'lllﬁ;ﬂllﬁllﬂvﬁmhlill“l’i1]']3@@ﬂ'l§ﬁ/‘l']$£aﬂ\3ﬁﬂ3u'l

Std. 30-60 cm

65 -

60

55 B cas
50
E 45 B ras - Fws
5 40 -
S [J raAs - SF
S 35 -
S 30 S ERE =]
% . >:>:>' \ ::-::-
g N o
£ 20 L) B
- B -
S B L) e

10 - ol Ny

5 >:>:>' \ ::-::-

X N \ 0 NI 32
0 T T HLR(m m d )

0.32 0.64 1.28

v Y
519 4.10 iWfseuneumsaesnuved s luto@esauy CAS RAS-FWS

a

{ o o %‘ Jd
iag RAS-SF NOAIIMTLSVIIM VA AATAI 9

435  MANNYY (Turbidity)

1 { 1 3 1 1
fﬂﬁ!aEJﬂ'NiJGICJ'uelJ@\‘lH"lluﬂﬂlﬁﬁlﬂﬂﬁWﬂﬂQﬂWﬁiJi%UU CAS ag5zu1 RAS

9
(% °

o I'd - - v L]
(U FWS uag SF NoAs1n15eSUinasamans 032 m' m~ d' HAUNINY 9.44 9.30 uag

9
[ o

o w { o 4 - - 1 LY
9.27 NTU @1u8181 Non31A1525 011N 1%aamans 0.64 m m- d' UAMNINU 8.0 8.50 1AL

1A

o w ) [ %’ 4 K LY
8.56 NTU Mua 191 1agNonsin1sesuimasamans 1.28 m m- d' UAUNINU 8.76 9.08
o w { { 1 1 ] [ U ] 4
18 10.04 NTU @MNa1a1 (113199 4.3) 910317 4.11 WuHamnnuyuaIna1niog lumnan
o a o 4 4 o 1
WIATFIU (5-10 NTU; siudu ammandd uaz Tuwssa wiilszn, 2544) iiethdeyavesn

AMNYUVDITZUU CAS 1Az RAS Tnadoua1nmuuana 1 aneanan o35 Paired Test WU
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Y ad [

@ o ¥ Jd @ @ ' 1 @ 1 v o w a
DATINTEITVUINNEAMTATNG 3 5EAY "liJﬁﬂ’nmWlﬂﬂ"l\‘lﬂu’ﬂﬁl"lx‘lﬁuﬁlﬁ"lﬂiyﬂ%‘]ﬁﬂﬂﬂ33@‘]_]?1'3']11
d‘ @ 9 [ d' d‘ o 9 1
WwoNUIYaL 95 (P > 0.05) ﬂﬂllﬁﬂﬂiuﬂWﬂNuﬂ]ﬂ R @E1ITNN AL D2 LT R.3) walvayan
1 { o o 3 J 1 @
ANVYUUDITSUY RAS LU FWS ag SF “ﬁ@ﬁiﬁni%ﬁ‘ﬂuWVINGKQ?TWﬁG]iGINﬂuiJ"IﬂQﬁ’[’)U

ﬂ’)ﬁJLL‘iJi‘]Ji’JU“VINﬁE]ﬁWJEJ'Jﬁ One way ANOVA wmﬂuummummmuammuslmﬂf,uvm

]
a1

aﬁaﬁiz fummwauuiaﬂm 95 (P > 0.05) muﬁmiumwma 1. (Gni'N“I/I n.4) i]umullﬂ’ﬂ
Y
° a Jd o J 1 1 1 @ a @ o °
5$uuﬁumymu1ﬂﬁzﬂmm 2 1y flmmwmgu"lmammmu LLﬂLWM@@ﬁ']ﬂWigﬁ‘Uu'l
4 1 1 ' 4 a
NNFAMTNT ﬁﬂﬂﬂﬁﬁﬂ‘]el’lﬂl@ﬁ Lawson (1995); Osman (2010) wummwm;u“luum?mﬂmmﬂ
J A A A L £y ! o Y
INUNAIAADUNY IA¥DIMITHI0aZNoUNUa U UD 100NN ammmmuiuuaﬂamm QV]'ITH

i llgadumienvesaniliidymlumsdudeseondiou

12 - .
9
10 — B3 CAS
S 4 S L
B e 2 \ r ] -
2 RAS - FWS
~ LR 4 4 < 4 <
Z 6 B s e
£ oolo] E1RAS - SF
= O Og O
£,
?‘?‘} ‘>‘>‘ \?‘}‘?
LR 4 4 < 4 <
2 vialy BN et
PR N TS .
o S e s g
T T HLR(m m d )

JUn 4.11 uﬁﬂumﬂummmmummuﬂummmﬂmgmu CAS RAS-FWS

[

1ag RAS-SF ‘V]E)Gl5']5]']535‘].]13’]1/1']\3%?1?{1?[@]5@']\1 il

43.6  MAMNAIIVDIH (Alkalinity)
1 { 1 %‘ [ k4
AuRdsanINA1Iveti lueneelaigngnranss Iy CAS agszU RAS

b4
o o

WU FWS g SE sasnszsuihmararmans 0.32 m' m® &' finwiiiy 341.06 375.61
1A% 368.22 mg/l as CaCO, MUAFY 16T IMIz5UhMerarans 0.64 m' m” d' HAunsy
118.59 13100 1102 145.73 mg/l as CaCO, MUERD tiaziiennnsSuhmevamans 1.28 m* m’
d" Hiawif 79.4 130.06 1Az 146.47 mg/l as CaCO, AMRIAL (31971 4.3) 107 4.12

1 1 1 %‘ % 1 1 J
wmmamfmm@NmfNmmﬂanagclummmmmgm (40-400 mg/ 1 as CaCO,; Tucker and
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A o !

Robinson, 1990; Meade, 1989) 119119012 u0amanINA19v0911U9355 11 CAS tiag RAS 1)

U

2

aa g

1 1 A AW o 3 PR
Vlﬂﬁ’l’]‘iJﬂWﬂ'ﬂiJLWlﬂ@lN‘V]Nﬁﬂ@ﬂﬁﬁl'ﬁ Paired Test W‘U'ﬂ“ﬁ’ﬂﬂi']ﬂ?ﬁ%i‘ﬂu"m"l\‘]slfﬁﬁ"lﬁﬂiﬂﬁ 3

'
[ aad

52AU UANUUANA AU N Y NanaNse fuamuFesiudeuaz 95 (P < 0.05) Auldas
lumanuan B, @597 2.1 0.2 10z 9.3) 1AeszUD RAS sziimanmaveniigandissuy
CAS LmzLﬁaﬁﬁ’ayjaf{mmwmwmﬁwmixw RAS 1UD FWS tagiuy SF igns1nss iy
dhmarasmandmaiummageunnusls mmeadadiods one way ANOVA WUNHA1WY
uanaatuedivsdidyneadanszauanuFeiudoaz 95 ¢ < 0.05) dwdacly
MARLAN B. (157195 2.4) TaeRdasnsziuthmaramans 0.64 m' m® d* Hmanines
vosrinlosiiga 1nmsFnE1vee Lawson (1995) narvhanmaravesiinlii1iinarhldiAa
sunsreaodaiihlaoass uddrmanimaaueaniifesnii 30 mel as Caco, axiinarild pH
Tuunadarihidamsdenudasediesiada s ldlar liamusadfusa 1diunaz danase

%‘ A 1 1 I 1
ﬂmm‘wmmﬁu YU wou TuilatagmaNuilunIa-a19

Std. 40-400 mg/l as CaCO,
400
o AR
350 - 51 E cas
S 300 4 \ %
S \,;,; Ed ras - Fws
Q Fete
gz 309 e I
) 0 [ ras - sF
g 200 0 B
e i
E 150 e — —
~ e IEIL] PR < <.
2 100 - e % N s
o4 R o NS
0 < T T < 1 3 a2 4
HLR(m m d )
0.32 0.64 1.28

= ~ ' ¥ v X
5‘]J‘VI 4.12 L‘LGEJ‘]JL‘VIEJ‘]JfTﬂ'IWWNSUENH'IGlHU’EILﬁEN‘]Jﬂ'ILL‘]J‘U CAS RAS-FWS

U

{ o o Bol Jd
iag RAS-SF NOATINTLTUUINTArNEAATA 9

437 a1COD

v Y
AuRdy COD lutipmela1gngnnanszul CAS 1agssul RAS HUL FWS

-1 A/

HAWNINDY 89.00 90.18 LA 74.44 mg/l

[

4 o %I 4 -
(ag SF N9AI 191525 UUINI9Y¥arnans 032 m' m_ d
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MUAIR ASanmIzsinimaramand 0.64 m' m> d' TAWITY 134.64 16473 1A% 171.09 mgl
MR tazfisasimaziimaramans 128 m' m° d' HAumAY 9593 59.27 uaz
112.07 mg! WAy (M31971 4.3) 13l 413 nudwaar cop dnanfinufunmal
1AM (< 50 mg/l; Samudro, 2010) t@ad1a lsAmuazitiuld31a1 COD ¥0352UU RAS uaz
cas fmlndiRusiu uazioihdoyavesm COD voaszuY CAS Lag RAS Tilnadoumiaim
HANGINATAAAIETS Paired Test WUHEANIMIZSITIMa¥aMARS 032182 128 m’ m” d'

v o a

lifianuuanasnuedeihisdAgnieadanszauanudonudosay 95 (P> 0.05) uANOATT
[ H 4 - - ' @ ' v o w aad @
MIZFVUINNFAMAAT 0.64m m” d ' WANWUANAIINURENTIdIAYNINanANTzAUANY
A o Y [ ~ 1 =
I UTEAZ 95 (P < 0.05) AWAAITUMANLIN R, (113199 .1 0.2 1Az 1.3) TasAundound
1 da/ =S 1 1 dy d‘ o Y 1
coD lutiemeaaun RAS Ia1genue@e ey CAS uaziiniidayan1 COD 104

{ o A1H J @
T¢UU RAS 11U FWS 1iag SF ﬁﬂ@]i'Iﬂ'ﬁgﬁﬂuﬁ/nﬂﬁfﬁﬂ'lﬁﬁﬁﬁ'lﬂﬂuu'IT]ﬂfTE]‘]Jﬂ’J']iJLL‘]Jﬁ‘]Jﬁ"Ju

9 v a

NNADARIBID One way ANOVA wuMilanuuanaenuedsiiisdidynisadansgauai
A Oy [ = A o o 3 4
FRNUTOUAL 95 (P < 0.05) AWAAIIUMANLIN R (MINN B.4) TasNoasIMIeTVINFamans
3 o = | Y A 1 T 1 dy S 9
0.32m'm"”d’ A1 COD 1osNga Samudro (2010) NA1271A1 COD lutia@edarnisiiaiioy

] 2
721 50 mg/1 1119991A1 COD ’1]3ﬁ\‘lNﬁG]f)‘]E3JWil!’f)’f)ﬂ‘]ﬂ’i]uclu‘ﬂ’ﬂlaﬁlﬁﬂﬁT@ﬂQﬂNﬁﬂJ

Std. <50 mg/l CAS
180 -
160 poc BN [ ras - Fws
140 - [dras- sk
120 §

100

80 -

COD (mg/l)

60

40
20

e L 32
0 T T THLRm m d )

v F2
519 4.13 1f5euneu cop lus@eelaiuy CAS RAS-FWS

a

b4
o o

{ o Jd 1
iag RAS-SF NOAIINTLSVIIM VA aATAI 9
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438 uwonlaily (NH,)
L4 “a a2
aundonen Tudislutionosmangnnausz iy CAS 1agsz Uy RAS Uil

4
o [ °

{ 4 - - ] [
FWS tag SF 19310158501 Mavamans 032 m’ m° d' AR 114 1.35 1ag 1.05 mg/l
o w { o [ %‘ 14 _ - 1 [y
AMAIAY NOATINTLSVUINIFAMENT 0.64 m* m” d' YAUMIAY 1.42 1.95 1az1.30 mg/l
o w { o [ %‘ 14 - - 1 [y
AUBIAY LAZNDATINTESUUINFAMAAS 1.28 m m~ d' UAUNINU 1.26 1.12 uag 0.94
] U d‘ d' 1 1 = v 1 a0 a 4
mg/l MUMAU (113190 43) 01030 414 wunwaa ey Tutleainadlauaunuy
] ] I <3 1
WIATFIU (0.02-1.00 mg/l; Meade, 1989) tanena lsnaiuaziiulda e Tuiiovesszuy RAS
A Y @ A o 9 ! =
uag CAS mlndinesnu nazilioidoyavesaen Tuillovessz vy CAS uag RAS 1
] ] an a 1 { Y] [ go‘ 4
NATBUAINNVUANANN N ADARIYID Paired Test WUNNOATINITLTVUINFARNEANT 0.32
3 2 - = ' o 1 A v o W aad o A 4w
Haz 0.64m' m” d' lidanuuanannuedniivediagneadanszaunnuroluiovas 95

VA W o 3 4 - - N 1Y i v o w
(P >0.05) Lm‘ﬁi’]ﬁ3"|ﬂ13$§‘]_11!"|1’l"|\15]5ﬁﬁ']ﬁ@l§ 1.28 m3 m2 d1 ﬁﬂ'ﬂilLL@ﬂ@"NﬂuﬂEl"Nﬁu&lﬁ']ﬂqu

D.

'
aa (% A

NMeanansEAUANUAENUI oAz 95 (P <0.05) AaaaslumaAnLIN R. (3190 R.1 D2 1AL 0.3)
1 A ~ ] dy = 1 1 dy A o
Tagaunagyeaon ludelute@et/anuy CAS Iargeaninismesi/any RAS tagiioin
1 {0 @ %:1 d o
Joyan e Tuitlousasz Uy RAS 11 FWS uag SF 19a1n15z5uin1esasmaasaneniun
NAFOUANUUYTYTINN1IADARI8TT One way ANOVA WUNTANWUANAINUDE1H
WedAyNeanaNIzAUANUFDN IR 95 (P < 0.05) AILAAIIUAIANLIN R. (15190 R.4)
A o o 3 o 3 2 A A Y A
TasNons 1Nz uiIMeramans 1.28 m' m- d' Uaweow luiioiioaNga Tag Meade (1989)
Ll 1 1 =} d‘ L} 1 d‘ o =
na1Mawen TudisNnemuzA15g1ur 0.02-1.00 mg1 WerhmsnfSeumnen pH ag
a 9@’ ] d' Y = % d' 1 1 =\ =\
garigiveaihluvetarnldninmsaninuaised 2.5 wunmweeon Tudeluszuuaasi

1 a = (N~ a 1 [ g’/ =2 = 19 Y A
aAlaiAn 1.00 mg/l 399z lidlunbaetarangnuay aainudsnlsimsatugu pH luldiAu 7.8

a 4 o [l
Taansiau alum (Noan pH wazlSuamasaneunyluisian (Tucker and Abramo, 2008)
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Std. 0.02-1.00 mg/l CaS
25 -
E]l rRas - Fws
29 ) I ras - sF

1.5 o

NH, (mg/l)
I S il
)

0.5

]

- L 32 4
0 T T THLR(m m d )

v F2
519 4.14 nfseuneuuen Tuitle lulie@eslainuy CAS RAS-FWS

U

b4
o o

{ o Jd
iag RAS-SF NOATIMILTUHIMeEFarmann1g 9

439 aglwagammilueamnziaesa

a

] ¥ v %’
D) YemnzemgngnraNsz L CAS Lz RAS UA19aNINLT DO gungll

u

U H v 2 1 H T Jd
pH anuldselaveain anwyu vazanuiuaiave eglunayininsgiuuens
dy Y 1 = é s 1 A’ S A
Mzaeailal endua1 COD uazuen Tl FINAIGINNIATTIN 1HBIINNUT MDAy
C A = =KX A o Y1 Y 9
911150aNI T8V Ndevelargngnran 3almavlvia1 COD  uazaNuTuTY
= 1 dy s 1 a
wou Tuelue@es/agngnraniiafumas g v
d’ = ! 90‘ ' dy 1
2) WenfFeumeumaunniivedtomizaealaigngnrauIznINTsUY
CAS 118z RAS W19 DO gaumgil tazanuay lulianuuanannuedisdiisdiagynieada
{ 4 Y [} o 1 aol 1 aol
NszauANTeNuSoaz 95 uawuNa pH A Tselavesi aniwaevesii COD uay

A o o v

uou TNHIBUDITZUY CAS 1Az RAS UANNUANANNUDENITsdIAYNIITaaANTzAUAIIY

v Y =

A A o o ¥ 4 3 2 -1 '
IBDUUIDYAL 95 TﬂEJ‘V]E)G]ﬁﬂ'lﬁleJ‘LHTIN%aPHﬁGﬁ 0.64 m" m d gUA1 pH ﬂ’J’IiJIﬂNGlET
9 ' ' Y

o J {0 o ° 4
YOIUT LAz COD V9952 1UU CAS A1NINTEUU RAS AIUNOATIMTLS VUM Famans 0.32 m3

s o 90‘

B - ° 1 { o 4
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fsanmszhmeramans 0.32m’ m>d’
el A | O Nl cico=ci | Cildi | dCiAd | 6CiAd
(ti) (ml) (mg/L), C
0.00 0 5.85 464.856 0.088 0.000 0.000 0.000
0.50 0.5 9.3 809.749 0.153 0.077 0.038 0.019
1.00 0.5 12 1079.665 0.205 0.102 0.102 0.102
150 0.5 13.15 1194.630 0.226 0.113 0.170 0.255
3.00 15 17.65 1644.490 0.312 0.467 1.402 4206
4.00 1 22.05 2084.354 0.395 0.395 1580 6.318
5.00 1 23.9 2269.296 0.430 0.430 2.150 10.748
7.00 1 274 2619.188 0.496 0.496 3.473 24314
8.00 1 30 2879.107 0.545 0.545 4364 34.909
11.00 3 34.8 3358.958 0.636 1909 | 21.000 | 231.000
14.00 3 38.65 3743.839 0.709 2128 | 29790 | 417.057
17.00 3 40.1 3888.794 0.737 2210 | 37574 | 638.756
20.00 3 40.6 3938.779 0.746 2239 | 44773 | 895455
23.00 3 414 4018.754 0.761 2284 | 52534 | 1208.285
26.00 3 413 4008.757 0.759 2278 | 59239 | 1540.205
29.00 3 37.5 3628.875 0.688 2063 | 59.813 | 1734.564
32.00 3 28.8 2759.144 0.523 1568 | 50.182 | 1605.819
35.00 3 242 2299.287 0.436 1307 | 45739 | 1600.853
38.00 3 21.25 2004.378 0.380 1139 | 43290 | 1645.012
41.00 3 17.7 1649.489 0.313 0.938 | 38438 | 1575.938
44.00 3 13.3 1209.625 0.229 0.688 | 30250 | 1331.001
47.00 3 8.4 719.777 0.136 0.409 19227 | 903.682
50.00 3 6.8 559.826 0.106 0.318 15909 | 795.455
52.00 2 5.6 439.864 0.083 0.167 8.667 450.667
54.00 2 4.4 319.901 0.061 0.121 6.545 353.455
56.00 2 42 299.907 0.057 0.114 6.364 356364
58.00 2 42 299.907 0.057 0.114 6.591 382.273
60.00 2 4.1 289.910 0.055 0.110 6.591 395.455
Sum 24728 | 595792 | 18142.169
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fisasmszfuhmasamans 032 m' m” d’
e A | M ceo-ci | cihd | dcidd | dcidd
(1) (ml) (mg/L), C
0.00 0.00 1 79.975 0.019 0.000 0.000 0.000
3.00 3 1.9 259.919 0.063 0.189 0.568 1.704
6.00 3 9 1679.479 0.347 1.041 6.248 37.488
9.00 3 12.85 2449.241 0.506 1,519 | 13.667 | 123.006
12.00 3 14.35 2749.148 0.568 1705 | 20455 | 245.455
15.00 3 10.9 2059.361 0.426 1277 | 19.153 | 287.293
18.00 3 9.1 1699.473 0.351 1.054 | 18.967 | 341.405
21.00 3 7.55 1389.569 0.287 0.862 18.093 379.952
24.00 3 7.5 1379.572 0.285 0.855 20.529 492.694
27.00 3 7.35 1349.582 0.279 0.837 22.593 610.010
Sum 9.338 140.273 | 2519.008




9 3.

4

a ¥ { ° a 4
miﬁﬂmmimmnﬁumizuuﬁuﬁwuu1‘1J3$ﬂ°lelﬁi!,m‘u RAS-FWS

q EX]

o

= o 3 4 32
NOATINTISTUUINNY A TNT 0.64 m m ™ d

127

v 0.5x1x[(03)(0.4) + 0.2]

0.32

theory

12 ¥219

2 CGAL 900,401
men > GiAi 13,762

1457 %2l

, D ti*CiAt r2
D Ciat
_ 349 oy
13.762

= 59.837

2d +8d°

0.282 =

o
[
e
S
()
(@)




128

A15197 2.3 wamﬁﬁﬂmmsaﬂmmmﬁzwiﬁuﬁsﬁuﬁmizayimu RAS-FWS
fisasmszfuhmasamans 0.64m' m” d’
el g | O M comci | ciAd | dcidd | dcidd
(t) (ml) (mg/L), C
0.00 0 9.75 1829.433 0.30 0.000 0.000 0.000
1.00 1 11.3 2139.337 0.36 0.356 0.356 0.356
2.00 1 14.2 2719.157 0.45 0.453 0.905 1.810
3.00 1 16.45 3169.017 0.53 0.527 1.582 | 4.747
4.00 1 18.7 3618.878 0.60 0.602 | 2409 | 9.637
5.00 1 19.35 3748.838 0.62 0.624 | 3.120 | 15.599
9.00 1 21.25 4128.720 0.69 0.687 | 6.185 | 55.662
11.00 2 25.45 4968.459 0.83 1.654 18.193 200.123
13.00 2 27.15 5308.354 0.88 1.767 22.972 298.632
15.00 2 27.95 5468.304 0.91 1.820 27.304 409.567
17.00 | 2 19.45 3768.831 0.63 1255 | 21.328 | 362.572
19.00 | 2 15.5 2979.076 0.50 0.992 | 18.842 | 357.997
2100 | 2 12.1 2299.287 0.38 0.765 | 16.073 | 337.537
23.00 | 2 9.45 1769.451 0.29 0.589 | 13.547 | 311.591
25.00 2 8.2 1519.529 0.25 0.506 12.646 316.140
27.00 2 6.3 1139.647 0.19 0.379 10.243 276.559
29.00 2 4.8 839.740 0.14 0.280 8.106 235.088
31.00 2 3.2 519.8388 0.09 0.173 5.364 166.296
33.00 | 2 3.1 499.845 0.08 0.166 | 5491 | 181.198
3500 | 2 3.1 499.845 0.08 0.166 | 5.824 | 203.827
Sum 13.762 200.491 | 3744.940
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Yu115eATUVY RAS-SF
fisasmszfuhmasamans 0.64m' m” d’
Time AgNO, NaCl
(ti) Ad (ml) (mg/L),C | Cc/co=Ci | CiAt | tiCiAd | 6’ CiAd
0.00 0.00 3.65 609.81 0.20 0.00 0.00 0.00
0.25 0.25 4.00 679.79 0.22 0.055 0.014 0.003
0.50 0.25 4.60 799.75 0.26 0.065 0.032 0.016
0.75 0.25 5.10 899.72 0.29 0.073 | 0.055 | 0.041
1.00 0.25 5.45 969.70 0.31 0.079 | 0.079 | 0.079
1.25 0.25 7.30 1339.58 0.44 0.109 | 0.136 | 0.170
1.50 0.25 8.55 1589.51 0.52 0.129 | 0.194 | 0.290
3.00 1.5 10.1 1899.41 0.62 0.925 2.776 8.328
4.50 1.5 11.35 2149.33 0.70 1.047 4712 21.203
6.00 1.5 11.7 2219.31 0.72 1.081 6.487 38.922
7.50 1.5 9.75 1829.43 0.59 0.891 | 6.684 | 50.132
9.00 1.5 7.7 1419.56 0.46 0.692 | 6224 | 56.016
10.50 1.5 6.5 1179.63 0.38 0.575 | 6.034 | 63.358
12.00 1.5 5.8 1039.68 0.34 0.506 | 6.078 | 72.935
13.00 1 4.6 799.75 0.26 0.260 3.377 43.896
14.00 1 3.6 599.81 0.19 0.195 2.727 38.182
15.00 1 3.5 579.82 0.19 0.188 2.825 42.370
16.00 1 3.5 579.82 0.19 0.188 3.013 48.208
sum 7.058 | 5145 | 484.15
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A15197 2.5 wamﬁﬁﬂmmsaﬂmmmﬁzwiﬁuﬁsﬁuﬁwﬂizayimu RAS-FWS
fisasmszfuhmasamans 128 m' m” d’
el A | MU Gcomci | ciAd | dciAd | dciAd
() (ml) (mg/L), C
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.00 1 8.65 1609.501 0.333 0.333 0.333 0.333
2.00 1 11 2079.355 0.430 0.430 0.860 1.719
3.00 1 11.85 2249.303 0.465 0465 | 1395 | 4.184
4.00 1 12.7 2419.250 0.500 0.500 | 2.000 | 8.000
525 | 1.25 13.85 2649.179 0.548 0.684 | 3.593 | 18.864
675 | 175 12.15 2309.284 0.477 0.835 | 5.638 | 38.055
7.75 1 9.3 1739.461 0.360 0.360 2.786 21.593
10.75 3 5.65 1009.687 0.209 0.626 6.730 72.346
12.75 2 4.5 779.758 0.161 0.322 4.110 52.396
14.75 2 4 679.789 0.140 0281 | 4.145 | 61.133
16.75 2 3.35 549.830 0.114 0227 | 3.807 | 63.764
Sum 5.063 35.395 | 342.387




9 6.

a ¥ { g a 4
ﬂ'lﬁﬁﬂ'ﬂ']ﬁ']ﬁ@lﬂ@l']llﬂ]@QﬁZUUﬁUﬁﬂJNUTﬂﬁzﬂBﬁLLUU RAS-SF

o

= o 3 4 32
NOATINTISTUUINNYAATNT 1.28 m m~ d

133

theory

2d +8d°

0.290

v 0.5x1x[(0.45)(0.4)]

0.64
3.38 4 Tua

ZtiCiAt 7.11

> Ciat 2.088
3.41 42T

> Gl o

AL 3.41)2

2.088
3.377

3.377

(3.41)

0.074




134

{ a ¥ { %’ a 4
G’]']ﬁ']\?ﬁ 9.6 Namiﬁﬂmmimmmmizuuﬁuﬁyumﬂizﬂyguuu RAS-SF
3

9
o o o
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NOATIMIZTVIIMamans 128 m m - d '

e A AENO, el C/Co=Ci | CiAd | GCiAd | 6CiAd
(t1) (ml) (mg/L), C
0.00 | 0.00 3.20 519.84 0.10 0.00 0.00 0.00
025 | 025 438 839.74 0.15 0039 | 0010 | 0.002
050 | 025 4.9 859.73 0.16 0040 | 0020 | 0.010
075 | 025 5.7 1019.68 0.19 0.047 | 0.035 0.026
100 | 025 6 1079.67 0.20 0.050 | 0050 | 0.050
125 | 025 75 1379.57 0.25 0.064 | 0080 | 0.099
150 | 0.25 9.2 1719.47 032 0079 | 0119 | 0.179
175 | 025 1 2079.36 0.38 0.096 | 0168 | 0.294
200 | 0.25 12.3 2339.27 0.43 0.108 | 0216 | 0432
225 | 025 14.1 2699.16 0.50 0.125 | 0280 | 0.630
250 | 025 157 3019.06 0.56 0.130 | 0348 | 0871
275 | 025 15.1 2899.10 0.54 0.134 | 0368 1.012
300 | 025 145 2779.14 0.51 0.128 | 0385 1.154
325 | 025 1425 2729.15 0.50 0.126 | 0409 1.330
350 | 025 13.1 2499.23 0.46 0.115 | 0404 1.413
375 | 025 12.2 2319.28 0.43 0.107 | 0401 1.505
400 | 025 11 2099.35 0.39 0.097 | 0387 1.550
425 | 025 10 1879.42 0.35 0.087 | 0.369 1.566
450 | 025 8.5 1579.51 0.29 0073 | 0328 1.476
475 | 025 7.1 1299.60 0.24 0.060 | 0.285 1.353
500 | 025 6 1079.67 0.20 0.050 | 0.249 1.245
525 | 025 4.6 799.75 0.15 0037 | 0.194 1.017
575 0.5 3.65 609.81 0.11 0056 | 0324 1.861
6.25 0.5 33 539.83 0.10 0.050 | 0311 1.946
6.75 0.5 3.1 499.85 0.09 0046 | 0311 2.102
7.25 0.5 3.1 499.85 0.09 0046 | 0334 | 2424
7.75 0.5 3.1 499.85 0.09 0.046 | 0357 | 2770
8.25 0. 3 479.85 0.09 0.044 | 0365 3.014
sum 2.088 7.11 31.33
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M3MIM BOD 1 lAa1nn3e4 Oxitop”-OC110

= =< ! A o 1 ] = Y A . ®
ATNNN A.1 NaNITANHINININDAITINITYDYTA1Y BOD Tuyeda ‘V]hlﬂﬁ]'lﬂ!.ﬂiiﬂﬂ Oxitop -OC110

t@ | y® | @ | dy | apacy) | @’ ' | ¥,&) | v, (xy)
0 0
1 53.45 2 64.7 32.350 1046.523 2856.903 1729.108
2 64.7 2 14.05 7.025 49.351 4186.090 454.518
3 67.5 2 14.1 7.050 49.703 4556.250 475.875
4 78.8 2 16.9 8.450 71.403 6209.440 665.860
5 84.4 2 7 3.500 12.250 7123.360 295.400
6 85.8 2 14 0.700 0.490 7361.640 60.060
7 85.8 2 14 0.700 0.490 7361.640 60.060
8 87.2 2 14 0.700 0.490 7603.840 61.040
9 87.2 2 2.8 1.400 1.960 7603.840 122.080
10 90 2 2.8 1.400 1.960 8100.000 126.000
11 90 2 2.85 1.425 2.031 8100.000 128.250
12 92.85 2 2.85 1.425 2.031 8621.123 132.311
13 92.85 2 0 0.000 0.000 8621.123 0.000
14 92.85 2 0 0.000 0.000 8621.123 0.000
15 92.85 2 2.8 1.400 1.960 8621.123 129.990
16 95.65 2 4.25 2.125 4.516 9148.923 203.256
17 97.1 2 1.45 0.725 0.526 9428.410 70.397
18 97.1 2 0 0.000 0.000 9428.410 0.000
19 97.1 2 1.25 0.625 0.391 9428.410 60.688
20 98.35

sums | 1633.2 71 1246.071 142981.645 4774.893
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1A 1a1nA5 849 Oxitop -OC110 HOAMUIUMAINDATINTEDEAA1Y BOD
_n2xy —2x 2y,
2 2
(X )-(2x)

19(4774.893) — 1633.2(71)

k' =

T 19(142981.645) — (16332 )

- 051 dt
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3.1

3.2

.3

¥

13 (Y A A o a d
ﬂ1§ﬂ1u’]mﬂﬂ§]ﬂ]§§gl‘ﬁﬂm@\iﬁgutﬂwuﬂyuuﬁjﬁgﬂﬂﬁ

v o 9°I 4
DATINTECTUUINWBAMTAT (Lw)

BATINTAGILING (E,), m/yr

an3Wuan 1.307 tunsael (p,)

(FoyannnsugAtlonIng1VMIAUATIIFEI, 2550)

9 =< = o £ a 4
AIUADINITNITVEHY 0.1-0.2 (LR) (tP389ANA Qﬂllﬁuiﬁﬁ]u, 2547)

a a H 1 1 ¥ a
ﬂﬁzﬁmmwmmﬁzuﬂﬁ'umﬂﬁ% LLTJ‘]J‘]JE‘]’E)EJVlﬁﬁG]'IZJWAUQH 0.65-0.75

(A3osrnd gandulse, 2547)

v E4
AIAUINOATINIAILHENOATINTLSVY 032 m’ m” d” (116.9 m/yr)

L

w

116.9 m/yr
E

T

Wanadive ) o)

(E;-P)(1+L,)100/E

(E,~1.307 m/yr)(1+0.1) 100/0.65
1.878 m/yr

(1.878/116.9) x 100

1.61%

[ Y
MIMUINOATINTANYTEHENONTINITETUH 0.32 m m~ d” (233.6 m/yr)

L

w

233.6 m/yr
E

T

Wanadive ) ©e)

(E;-P)(1+L,)100/E

(E;—1.307 m/yr)(1+0.1) 100/0.65
2.569 m/yr

(2.569/233.6) x 100

1.10%

H E4
AIAUINOATINTAILHENOATINGTLS VY 1.28 m m” d” (476.2 m/yr)

L

w

476.2 m/yr
E

T

Wanadivne ) )

(E,-P,)(1+L,)100/E

(E,~1.307 m/yr)(1+0.1) 100/0.65
3.949 m/yr

(3.949/476.2) x 100

0.85%
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k4

= a A =~
ﬂﬁ!‘lﬁﬂﬂmﬂ‘uﬂizﬁﬂﬁﬂ]‘W‘UE)Q‘iz‘U‘]J‘WH

da %o
nyailszay



2. mamsianzviaaelilsunsy SPSs

{ a Jd 1 a a o ¥ oy 901 a 4
A15197 2.1 Nﬂ'JLﬂﬁ'lgﬁﬂfJ'lﬁJllﬁﬂﬁNﬁ}?ﬂﬁ Paired Test vostszansnmlumsihia COD ﬂjmizuuﬁuﬁwmﬂimyguuu RAS-FWS 1lag RAS-SF

s Paired Samples Statistics
‘g Mean N Std. Deviation Std. Error Mean
8
o FWS 60.6667 9 14.88288 4.96096
= Pair 1
g SF 65.3333 9 13.85641 46188
T
(% Paired Samples Test
>
g Paired Differences
Mg 95% Confidence Interval Sig. (2-
i Mean Std. Deviation Std. Error Mean of the Difference tailed)
G
é Lower Upper
°@
= Pair 1 FWS - SF -4.66667 25.69047 8.56349 -24.41411 15.08077 -0.545 8 0.601

14!



4 a d 1 Aa a o w
G]"IﬁN“ﬁ 2.1 Nm!,ﬂ'ﬂwmmummaﬁ’aﬁﬁ% Paired Test m@ﬂﬂi%ﬁﬂﬁﬂ"lwclUﬂTi‘U"l‘Uﬂ COD

X L %’ a 4 [
YoITZUUNUNFUINUTZAYFUDY RAS-FWS 11ag RAS-SF (D)

s Paired Samples Statistics
‘g Mean N Std. Deviation Std. Error Mean
g
3 FWS 71.8182 11 12.2378 3.68983
= Pair 1
v SF 66.8182 11 11.41769 3.44256
T
(% Paired Samples Test
&
g Paired Differences
Mg 95% Confidence Interval of the
w t df Sig. (2-tailed)
ad Mean Std. Deviation Std. Error Mean Difference
G
a% Lower Upper
= Pair 1 FWS - SF 5 10.85357 3.27247 -2.29153 12.29153 1.528 10 0.158

wl



4 a d 1 Aa a o w
G]"IﬁN“ﬁ 2.1 Nm!,ﬂ'ﬂwmmummaﬁ’aﬁﬁ% Paired Test m@ﬂﬂi%ﬁﬂﬁﬂ"lwclUﬂTi‘U"l‘Uﬂ COD

A A
VOITTUUNUNFUUS

9
o

Q

a Jd

ZAYTIUVU RAS-FWS 1ag RAS-SF (719)

4

4
°

FUIMBaMans 1.28 m

]
S v

3 2 -1
m d

@
@

NvoAIINIG

Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean
FWS 58.6 15 16.3611 4.22442
Pair 1
SF 58.8667 15 13.91231 3.59214
Paired Samples Test
Paired Differences
95% Confidence Interval of the
t df Sig. (2-tailed)
Mean Std. Deviation Std. Error Mean Difference
Lower Upper
Pair 1 FWS - SF -0.26667 15.33188 3.95868 -8.75718 8.22385 -0.067 14 0.947

eyl



= a I'd 9 am a a o w dy A %{
MTINN 9.2 Wa'JLﬂ51$Wﬂ31ﬂllﬂﬁﬂﬁﬂuﬂjﬁl'}'ﬁ One way ANOVA ﬂl@ﬁﬂizﬁﬂ‘ﬁﬂ’]ﬂiuﬂ”ﬁﬂ’]ﬂﬂ COD Y352 UUNUNYUU

{ o o ¥ J 1 o
111U RAS-FWS 1lag RAS-SF ‘ﬁamwmsz3uu1mwamﬁmu¢mmmu

ANOVA
eff
é) Sum of Squares df Mean Square F Sig.
B
2]
é Between Groups 1191.906 2 595.953 2.718 0.081
Within Groups 7017.236 32 219.289
Total 8209.143 34
ANOVA
eff
Lr?; Sum of Squares df Mean Square F Sig.
E Between Groups 465.602 2 232.801 1.342 0.276
Within Groups 5549.37 32 173.418
Total 6014.971 34

124!



{ a I'd 1 A a o w ¥ o g a 4
G]"lﬁ'Nﬁ 2.3 Wa'JLﬂi"lgﬁﬂ')"liJll@ﬂﬂ"lx‘]ﬁlﬁﬂa% Paired Test ﬂJ@QﬂﬁgﬁV]'ﬁﬂ"lWGlUﬂ'ﬁUTUﬂ TSS maﬁizuuﬁuﬁﬂ;umﬂﬁmyguuu RAS-FWS 1lag RAS-SF

s Paired Samples Statistics
‘g Mean N Std. Deviation Std. Error Mean
g
o FWS 64 9 9.3675 3.1225
= Pair 1
v SF 58.5556 9 10.03881 3.34627
T
(% Paired Samples Test
Py
g Paired Differences
Mg 95% Confidence Interval of
w t df Sig. (2-tailed)
ad Mean Std. Deviation | Std. Error Mean the Difference
G
a% Lower Upper
= Pair 1 FWS - SF 5.44444 10.13794 3.37931 -2.34826 13.23715 1.611 8 0.146

Svl



{ a I'd 1 A a o w
G]"lﬁ'Nﬁ 2.3 Wa'JLﬂi"lgﬁﬂ')"liJll@ﬂﬂ"lx‘]ﬁlﬁﬂa% Paired Test ﬂJ@QﬂﬁgﬁV]'ﬁﬂ"lWGlUﬂ'ﬁUTUﬂ TSS

A A
VOITTUUNUNFUUS

9
o

Q

a Jd

¢AYINUY RAS-FWS 1ing RAS-SF

(¢10)

0.64m’ m>d’

H s

TUUIMNMNBAMTAT

[
@
@

noaIT I3

Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean
FWS 69.9091 11 7.46263 2.25007
Pair 1
SF 64.2727 11 9.55082 2.87968
Paired Samples Test
Paired Differences
95% Confidence Interval of
t df Sig. (2-tailed)
Mean Std. Deviation Std. Error Mean the Difference
Lower Upper
Pair 1 FWS - SF 5.63636 8.51202 -0.08209 11.35482 2.196 10 0.053

Il



{ a I'd 1 A a o w
G]"lﬁ'Nﬁ 2.3 Wa'JLﬂi"lgﬁﬂ')"liJll@ﬂﬂ"lx‘]ﬁlﬁﬂa% Paired Test ﬂJ@QﬂﬁgﬁV]'ﬁﬂ"lWGlUﬂ'ﬁUTUﬂ TSS

9
o

a

J

Y 1
ﬂJﬂQizU‘]JWdUﬂslﬁJHWﬂizﬂHﬁLmU RAS-FWS L1ag RAS-SF (¢19)

Q

128m m d’

H s

TUUIMNMNBAMTAT

[
@
@

noaIT I3

Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean
FWS 68.4 15 5.53947 1.43028
Pair 1
SF 64.6 15 8.3049 2.14432
Paired Samples Test
Paired Differences
95% Confidence Interval of the
t df Sig. (2-tailed)
Mean Std. Deviation Std. Error Mean Difference
Lower Upper
Pair 1 FWS - SF 3.8 10.42798 2.69249 -1.97483 9.57483 1.411 14 0.18

Lyl



= a 4 9 asy a A o w dy A %’ a 4
MITNNN V.4 Wﬁ')iﬂﬁ1$ﬂﬂ'ﬂﬂllﬂ3ﬂﬁ'JUQ'JEJTE One way ANOVA lemﬂ’izi’fWﬁchlumim‘Uﬂ TSS maﬂizuuwuﬂﬂ;umﬂﬁzﬂyg

{ o o ¥ 4 T v
1YY RAS-FWS 1lag RAS-SF ﬁ’ﬂﬁﬁﬂ"lﬁ%3‘]J1J"|1/l'l\‘]5]5ﬂﬁ']ﬁ¢lill,¢lﬂ¢n\1ﬂu

ANOVA
eff
wn
E Sum of Squares df Mean Square F Sig.
g Between Groups 184.177 2 92.088 1.745 0.191
Within Groups 1688.509 32 52.766
Total 1872.686 34
ANOVA
eff
% Sum of Squares df Mean Square F Sig.
3 Between Groups 233.882 2 116.941 1.394 0.263
Within Groups 2684.004 32 83.875
Total 2917.886 34

871



4 a 4 ' a a o w ¥ oy g a 4
G]"lﬁ'Nﬁ 2.5 Wﬁ?iﬂﬁ1$ﬁﬂ?1ﬂllﬁﬂﬁ1@ﬁ?ﬁﬁ% Paired Test ‘U@Qﬂigﬁﬂ‘ﬁﬂWWGLuﬂWiU']Uﬂ TKN ﬂJ@QﬁxUUﬁHﬁGgiJM‘]Ji%ﬂHgLLUU RAS-FWS 11ag RAS-SF

Paired Samples Statistics
5
“"E Mean N Std. Deviation Std. Error Mean
g
o FWS 84.1111 9 6.15314 2.05105
S Pair 1
T SF 67.1111 9 11.19648 3.73216
T
& Paired Samples Test
)
74
g Paired Differences
RO:
n 95% Confidence Interval
A t df Sig. (2-tailed)
g Mean Std. Deviation | Std. Error Mean of the Difference
o
g Lower Upper
s
Pair 1 FWS - SF 1.70E+01 9.51315 3.17105 9.68755 24.31245 5.361 8 0.001

6v1



4 a 4 ' a a o w
G]"lﬁ'Nﬁ 2.5 Wﬁ?iﬂﬁ1$ﬁﬂ?1ﬂllﬁﬂﬁ1@ﬁ?ﬁﬁ% Paired Test ‘U@Qﬂigﬁﬂ‘ﬁﬂWWGLuﬂWiU']Uﬂ TKN

A A
UDITSUUNUNAYY

Q

J

ABTULY RAS-FWS tiag RAS-SF (s19)

3 2 -1
m d

4

4
°

FUUIMNNFaMANS 0.64 m

[l
S v

@
@

NvAIINIG

Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean
FWS 83.3636 11 6.90323
Pair 1
SF 73.4545 11 6.51711 1.96498
Paired Samples Test
Paired Differences
95% Confidence Interval Sig. (2-
Std. Std. Error t df
Mean of the Difference tailed)
Deviation Mean
Lower Upper
Pair 1 FWS - SF 9.90909 7.59545 2.29012 4.8064 15.01179 4.327 10 0.001

0S1



4 a 4 ' a a o w
G]"lﬁ'Nﬁ 2.5 Wﬁ?iﬂﬁ1$ﬁﬂ?1ﬂllﬁﬂﬁ1@ﬁ?ﬁﬁ% Paired Test ‘U@Qﬂigﬁﬂ‘ﬁﬂWWGLuﬂWiU']Uﬂ TKN

X L %} a 4 1
Y93 VUNUNYNT52ANTUDY RAS-FWS Liag RAS-SF (710)

Q

s Paired Samples Statistics
‘g Mean N Std. Deviation Std. Error Mean
g
® FWS 69.3333 15 12.61896 3.2582
— Pair 1
= SF 59.8667 15 9.87686 2.55019
T
(% Paired Samples Test
Py
g Paired Differences
Mg 95% Confidence Interval of
w t df Sig. (2-tailed)
ad Mean Std. Deviation Std. Error Mean the Difference
G
a% Lower Upper
= Pair 1 FWS - SF 9.46667 15.11322 3.90222 1.09724 17.83609 2.426 14 0.029

IS1



= a d 9 ant a A o w dy A %’ a 4
A15197 2.6 WAAAT1EHAMULL5UTINAIGIT One way ANOVA ﬂl@ﬂﬂi%ﬁﬂ‘ﬁﬂWWiuﬂTﬁ‘UTﬂﬂ TKN mmﬁzuuwuﬂwmﬂﬁzﬂyg

(11U RAS-FWS 11ag RAS-SF 91

[ [

4
o

4 ' @
ATINTCITVUINNEAMTATUANANNUY

ANOVA
eff
wn
E Sum of Squares df Mean Square F Sig.
% Between Groups 1771.918 2 885.959 9.423 0.001
Within Groups 3008.768 32 94.024
Total 4780.686 34
ANOVA
eff
% Sum of Squares df Mean Square F Sig.
3 Between Groups 1186.651 2 593.325 6.797 0.003
Within Groups 2793.349 32 87.292
Total 3980 34

49!



{ a 4 ' a a o w X {0 %:1 a 4
G]"lﬁ'Nﬁ 2.7 Wﬁ')iﬂﬁ1$ﬂﬂ')1ullﬁﬂﬁ'\ﬁﬁl’383§ﬁ Paired Test ma@ﬂazﬁm‘r&mﬂummm@ TP maﬂizuuﬁuﬁqumﬂﬁmyguuu RAS-FWS itag RAS-SF

s Paired Samples Statistics

‘g Mean N Std. Deviation Std. Error Mean

g

Q FWS 52.7778 9 9.79512 3.26504

= Pair 1

= SF 67.7778 9 10.28078 3.42693

T

(% Paired Samples Test

&

g Paired Differences
Mg 95% Confidence Interval of

A Std. Error t df Sig. (2-tailed)

lad Mean Std. Deviation the Difference

& Mean

a Lower Upper

o
= Pair 1 FWS - SF -1.50E+01 18.15902 6.05301 -28.95826 -1.04174 -2.478 8 0.038

€Sl



4 a 4 ' a a o w
G]"lﬁ'Nﬁ 2.7 Wﬁ?iﬂﬁ1$ﬁﬂ?1ﬂllﬁﬂﬁ1@ﬁ?ﬁﬁ% Paired Test ‘U@Qﬂigﬁﬂ‘ﬁﬂWWGLuﬂWiU']Uﬂ TP

X L %} a 4 1
Y93 VUNUNYNT52ANTUDY RAS-FWS Liag RAS-SF (710)

Q

s Paired Samples Statistics

‘g Mean N Std. Deviation Std. Error Mean

g

3 FWS 61.5455 11 9.39536 2.83281

= Pair 1

= SF 73.1818 11 10.75935 3.24407

T

(% Paired Samples Test

Py

g Paired Differences
Mg 95% Confidence Interval

A Std. Error t df Sig. (2-tailed)

ad Mean Std. Deviation of the Difference

& Mean

a Lower Upper

o
= Pair 1 FWS - SF -1.16E+01 14.98181 451718 -21.70128 -1.57145 -2.576 10 0.028

129!



4 a 4 ' a a o w
G]"lﬁ'Nﬁ 2.7 Wﬁ?iﬂﬁ1$ﬁﬂ?1ﬂllﬁﬂﬁ1@ﬁ?ﬁﬁ% Paired Test ‘U@Qﬂigﬁﬂ‘ﬁﬂWWGLuﬂWiU']Uﬂ TP

Y
°

A A
VOITTUUNUNGUUS

Q

a J

ZAYTUVY RAS-FWS 1ag RAS-SF (719)

4

9
°

TUUIMNMNBAMTAT

[

1
A o

128m m°d"

@
@

NOATINII

Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean

FWS 60.1333 15 9.62041 2.48398

Pair 1
SF 74.6 15 6.44537 1.66419
Paired Samples Test
Paired Differences
95% Confidence Interval of the
t df Sig. (2-tailed)
Mean Std. Deviation Std. Error Mean Difference
Lower Upper

Pair 1 FWS - SF -1.45E+01 14.14146 3.65131 -22.29795 -6.63539 -3.962 14 0.001

SSl



= a 4 Y Aast
A15197 2.8 HaAAT12HANNLYTUIIUAITF One way ANOVA 9915

Y
°

A A
VOITTUUNUNFUL 5

Q

AYILUUY RAS-FWS 1iag RAS-SF 7

a A

SANDTNIN

'
=

lumsihiia TP

@ o ¥ J 1 @
DATINITEIVUINNYAMTATUANNINNUY

ANOVA
eff
wn
E Sum of Squares df Mean Square F Sig.
?I: Between Groups 435.527 2 217.763 2.365 0.11
Within Groups 2946.016 32 92.063
Total 3381.543 34
ANOVA
eff
% Sum of Squares df Mean Square F Sig.
3 Between Groups 271.608 2 135.804 1.681 0.202
Within Groups 2584.792 32 80.775
Total 2856.4 34

9¢1



MARUHIN N

o Yo £
msfSaumeuaamminludemzaaslaangnaa



d
2. wamsuaszriealilsunsu SPSS

{ a J ] 1 1 ¥
M13197 0.1 HANATIZHANUUANAINAIYTT Paired Test ¥99A1 DO ludip@eaiuy CAS uag RAS

Paired Samples Statistics
z,:; Mean N Std. Deviation Std. Error Mean
“g Pair 1 CAS 9.3667 9 2.83646 0.94549
N
S RAS 8.5333 9 1.88925 0.62975
=
|3
(=
& Paired Samples Test
o
= Paired Differences
30:
ag 95% Confidence Interval of
e t df Sig. (2-tailed)
= Mean Std. Deviation | Std. Error Mean the Difference
o
S L U
20 ower pper
Pair 1 CAS - RAS 0.83333 1.58541 0.52847 -0.38532 2.05199 1.577 0.153

8S1



H a r'd 1 1 1 ¥ 1
A13197 0.1 HANATIZHANUUANANAIEIT Paired Test ¥9IA1 DO Tuiin@eailauy CAS tag RAS (619)

s Paired Samples Statistics
‘g Mean N Std. Deviation Std. Error Mean
g
3 CAS 8.5118 11 0.41523 0.1252
S Pair 1
v RAS 8.4555 11 0.15475 0.04666
T
(% Paired Samples Test
&
g Paired Differences
Mg 95% Confidence Interval of
w t df Sig. (2-tailed)
iad Mean Std. Deviation | Std. Error Mean the Difference
G
a% Lower Upper
= Pair 1 CAS - RAS 0.05636 0.29901 0.09015 -0.14451 0.25724 0.625 10 0.546

6S1



H a r'd 1 1 1 ¥ 1
A13197 0.1 HANATIZHANUUANANAIEIT Paired Test ¥9IA1 DO Tuiin@eailauy CAS tag RAS (619)

s Paired Samples Statistics
‘g Mean N Std. Deviation Std. Error Mean
g
® CAS 8.2293 15 0.36449 0.09411
— Pair 1
v RAS 8.214 15 0.31622 0.08165
T
(% Paired Samples Test
&
g Paired Differences
Mg 95% Confidence Interval of
w t df Sig. (2-tailed)
iad Mean Std. Deviation | Std. Error Mean the Difference
G
a% Lower Upper
= Pair 1 CAS -RAS 0.01533 0.37044 0.09565 -0.18981 0.22048 0.16 14 0.875

091



{ a 4 ' 1 a 1 4
@]"lﬁ']\?ﬁ n.2 Wﬁ?tﬂﬁTgﬂﬂQWNLLﬁﬂﬁqﬁﬁjﬂ% Paired Test ﬂlaﬂﬂ1qmﬂgu1uu’mﬁﬂﬁﬂmlm‘u CAS 1lag RAS

Paired Samples Statistics

3 2 -1
m d

4

4
ONTINTLT VN NFAMTNT 0.32 m

[

]
@

a
N

Mean N Std. Deviation Std. Error Mean
CAS 27.7611 9 2.27593 0.75864
Pair 1
RAS 27.4578 9 2.32579 0.77526
Paired Samples Test
Paired Differences
95% Confidence Interval
. t df Sig. (2-tailed)
Mean Std. Deviation Std. Error Mean of the Difference
Lower Upper
Pair 1 CAS -RAS 0.30333 0.60019 0.20006 -0.15801 0.76468 1.516 8 0.168

191



{ a 4 ' 1 a 1 4 '
@]131\31’7] n.2 Wﬁ?tﬂﬁTgﬂﬂQWNLLﬁﬂﬂqﬁﬁjﬂ% Paired Test GUENﬂ"l'Qﬂ.!'ViQiflu‘ﬂ@&%ﬁlﬁﬂaul‘ﬂﬂ CAS 1182 RAS (¢19)

s Paired Samples Statistics
m: Mean N Std. Deviation Std. Error Mean
<
g CAS 27.5455 11 0.63461 0.19134
\vg Pair 1
S RAS 27.4918 11 0.57503 0.17338
=
g Paired Differences
=
a0 95% Confidence Interval of
3 . t df Sig. (2-tailed)
2 Mean Std. Deviation Std. Error Mean the Difference
&
o Lower Upper
S
= Pair 1 CAS -RAS 0.05364 0.16783 0.0506 -0.05911 0.16638 1.06 10 0.314
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{ a 4 ' 1 a 1 4 '
@]131\31’7] n.2 Wﬁ?tﬂﬁTgﬂﬂ'JWNLLﬁﬂﬂqﬁﬁjﬂﬁ Paired Test GUfNﬂ"lQﬂ.!'ﬁQiflu‘ﬂ@&%ﬁlﬁﬂaul‘ﬂﬂ CAS 1182 RAS (¢19)

s Paired Samples Statistics
£ Mean N Std. Deviation Std. Error Mean
=
® CAS 27.8333 15 0.42873 0.1107
— Pair 1
s RAS 27.5387 15 1.77874 0.45927
T
(% Paired Samples Test
s
g Paired Differences
Mg 95% Confidence Interval of the
w t df Sig. (2-tailed)
iad Mean Std. Deviation | Std. Error Mean Difference
=
a% Lower Upper
= Pair 1 CAS - RAS 0.29467 1.60644 0.41478 -0.59495 1.18428 0.71 14 0.489
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4 a r'd 1 1 [l ¥
M13197 R.3 HAAATIZHANVUANAIIAIETT Paired Test V01 pH Jlia@eatlaiuy CAS uag RAS

s Paired Samples Statistics
'E Mean N Std. Deviation Std. Error Mean
=
QN CAS 7.6444 9 0.64203 0.21401
S Pair 1
g RAS 7.8044 9 0.47448 0.15816
T
(% Paired Samples Test
s
g Paired Differences
= 95% Confidence Interval of
w t df Sig. (2-tailed)
lad Mean Std. Deviation | Std. Error Mean the Difference
=
i~ Lower Upper
25
= Pair 1 CAS - RAS -0.16 0.49074 0.16358 -0.53722 0.21722 -0.978 8 0.357
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H a r'd 1 1 1 ¥ ]
M1319% 0.3 HAAATIEHANVUANAIAIEIT Paired Test ¥09A1 pH M1i0a891/a 11Uy CAS 1ag RAS (A9)

s Paired Samples Statistics
'E Mean N Std. Deviation Std. Error Mean
=
3 CAS 7.7082 11 0.13681 0.04125
= Pair 1
g RAS 8.1709 11 0.31043 0.0936
T
(% Paired Samples Test
s
g Paired Differences
= 95% Confidence Interval of
w t df Sig. (2-tailed)
lad Mean Std. Deviation | Std. Error Mean the Difference
=
i~ Lower Upper
25
= Pair 1 CAS - RAS -0.46273 0.30332 0.09145 -0.6665 -0.25896 -5.06 10 0
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H a r'd 1 1 1 ¥ ]
M1319% 0.3 HAAATIEHANVUANAIAIEIT Paired Test ¥09A1 pH M1i0a891/a 11Uy CAS 1ag RAS (A9)

s Paired Samples Statistics
'E Mean N Std. Deviation Std. Error Mean
=
® CAS 7.9973 15 0.30635 0.0791
— Pair 1
g RAS 7.9873 15 0.21651 0.0559
T
(% Paired Samples Test
s
g Paired Differences
= 95% Confidence Interval of
w t df Sig. (2-tailed)
lad Mean Std. Deviation Std. Error Mean the Difference
=
i~ Lower Upper
25
= Pair 1 CAS - RAS 0.01 0.25793 0.0666 -0.13284 0.15284 0.15 14 0.883
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@]131\31’7] .4 Wﬂjlﬂﬁigﬂﬂ"l"muﬁﬂﬁ']ﬁg{?ﬂa% Paired Test GU@\‘lﬂ"llLﬁ\‘lﬁﬂ\‘]W"luslu‘U'E]Laﬁl\‘]ﬂ'ﬁ']!l‘ll‘ll CAS 1iag RAS

s Paired Samples Statistics
‘g Mean N Std. Deviation Std. Error Mean
g
QN CAS 26.8889 9 3.0288 1.0096
= Pair 1
v RAS 27.1633 9 3.35693 1.11898
T
% Paired Samples Test
&
g Paired Differences
Mg 95% Confidence Interval of the Sig. (2-
A Std. Error t df
ad Mean Std. Deviation Difference tailed)
= Mean
a Lower Upper
o
= Pair 1 CAS -RAS -0.27444 3.44862 1.14954 -2.92529 2.3764 -0.239 8 0.817
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@]131\31’7] .4 Wﬂjlﬂﬁigﬂﬂ"lﬂmllﬂﬂﬁqﬁﬁjﬂ% Paired Test Gummuﬁmmmuﬁluueﬁmﬂmuuu CAS 1182 RAS (919)

s Paired Samples Statistics
‘g Mean N Std. Deviation Std. Error Mean
g
3 CAS 32.9091 11 1.6855 0.5082
= Pair 1
v RAS 31.2955 11 0.7143 0.21537
T
(% Paired Samples Test
&
g Paired Differences
Mg 95% Confidence Interval of
w t df Sig. (2-tailed)
iad Mean Std. Deviation | Std. Error Mean the Difference
G
a% Lower Upper
= Pair 1 CAS -RAS 1.61364 1.25182 0.37744 0.77265 2.45462 4.275 10 0.002
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@]131\31’7] .4 Wﬂjlﬂﬁigﬂﬂ"lﬂmllﬂﬂﬁqﬁﬁjﬂ% Paired Test Gummuﬁmmmuﬁluueﬁmﬂmuuu CAS 1182 RAS (919)

s Paired Samples Statistics
E Mean N Std. Deviation Std. Error Mean
=
® CAS 32.6667 15 3.06283 0.79082
— Pair 1
v RAS 32.0733 15 2.3689 0.61165
T
(% Paired Samples Test
s
g Paired Differences
Mg 95% Confidence Interval of the
w t df Sig. (2-tailed)
iad Mean Std. Deviation Std. Error Mean Difference
=
a% Lower Upper
= Pair 1 CAS - RAS 0.59333 1.1614 0.29987 -0.04983 1.2365 1.979 14 0.068
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@]131\31’7] n.5 Wﬁ?tﬂﬁTgﬂﬂQWNLLﬁﬂﬂqﬁﬁjﬂ% Paired Test GUENﬂ"lﬂ'J"liJ‘lalunluU'f]LaENﬂa"lll‘U‘U CAS 1lag RAS

s Paired Samples Statistics
E Mean N Std. Deviation Std. Error Mean
=
QN CAS 9.4444 9 0.80596 0.26865
o Pair 1
v RAS 9.2844 9 1.85124 0.61708
T
% Paired Samples Test
s
g Paired Differences
= 95% Confidence Interval
w t df Sig. (2-tailed)
iad Mean Std. Deviation Std. Error Mean of the Ditference
=
a% Lower Upper
= Pair 1 CAS - RAS 0.16 1.30076 0.43359 -0.83985 1.15985 0.369 8 0.722
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@]131\31’7] n.5 Wﬁ?tﬂﬁTgﬂﬂQWNLLﬁﬂﬂqﬁﬁjﬂ% Paired Test GUENﬂ"lﬂ'J"liJ‘lalunluU'f]LaENﬂa"lll‘U‘U CAS 11ag RAS (¢19)

s Paired Samples Statistics
'E Mean N Std. Deviation Std. Error Mean
=
3 CAS 8.0009 11 1.87086 0.56408
=) Pair 1
g RAS 8.16 11 2.06061 0.6213
T
(% Paired Samples Test
s
g Paired Differences
= 95% Confidence Interval of
w t df Sig. (2-tailed)
lad Mean Std. Deviation | Std. Error Mean the Difference
=
i~ Lower Upper
25
= Pair 1 CAS - RAS -0.15909 0.71044 0.21421 -0.63637 0.31819 -0.743 10 0.475
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@]131\31’7] n.5 Wﬁ?tﬂﬁTgﬂﬂQWNLLﬁﬂﬂqﬁﬁjﬂ% Paired Test GUENﬂ"lﬂ'J"liJ‘lalurlu‘UﬂlaEN‘]Ja"lll‘UU CAS 11ag RAS (¢19)

s Paired Samples Statistics
'E Mean N Std. Deviation Std. Error Mean
=
® CAS 8.6713 15 2.12892 0.54969
— Pair 1
g RAS 9.134 15 1.65823 0.42815
T
(% Paired Samples Test
s
g Paired Differences
= 95% Confidence Interval of
w t df Sig. (2-tailed)
lad Mean Std. Deviation Std. Error Mean the Difference
=
i~ Lower Upper
25
= Pair 1 CAS - RAS -0.46267 0.84373 0.21785 -0.92991 0.00457 -2.124 14 0.052
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@]131\31’7] 0.6 Wﬁ?tﬂﬁTgﬂﬂQWNLLﬁﬂﬂqﬁﬁjﬂ% Paired Test m@ﬁﬂTﬁﬂTWﬂ’]QﬂJﬂQu’ﬂuU@LaEJ\‘]TJ?I']LL‘U‘U CAS 1iag RAS

s Paired Samples Statistics
'E Mean N Std. Deviation Std. Error Mean
=
QN CAS 3.41E+02 9 46.98833 15.66278
=) Pair 1
g RAS 3.72E+02 9 26.15698 8.71899
T
(% Paired Samples Test
s
g Paired Differences
= 95% Confidence Interval
w t df Sig. (2-tailed)
lad Mean Std. Deviation | Std. Error Mean of the Ditference
=
i~ Lower Upper
25
= Pair 1 CAS - RAS -3.09E+01 55.71735 18.57245 -73.68926 11.96704 -1.662 8 0.135
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4 a 4 1 1 1 ?,’ [l ¥ 1
@]131\31’7] 0.6 Wﬁ?tﬂﬁTgﬂﬂQWNLLﬁﬂﬂqﬁﬁjﬂ% Paired Test m@ﬁﬂTﬁﬂTWﬂ’]QﬂJﬂQu’ﬂuU@LaEJ\‘]TJ?I']LL‘U‘U CAS 118g RAS (919)

s Paired Samples Statistics
‘g Mean N Std. Deviation Std. Error Mean
g
3 CAS 1.19E+02 11 7.40884 2.23385
= Pair 1
v RAS 1.38E+02 11 9.19325 2.77187
T
% Paired Samples Test
&
g Paired Differences
Mg 95% Confidence Interval of the
w t df Sig. (2-tailed)
iad Mean Std. Deviation | Std. Error Mean Difference
G
a% Lower Upper
= Pair 1 CAS - RAS -1.98E+01 14.53233 438166 -29.58113 -10.05523 -4.523 10 0.001
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@]131\31’7] 0.6 Wﬁ?tﬂﬁTgﬂﬂQWNLLﬁﬂﬂqﬁﬁjﬂ% Paired Test m@ﬁﬂTﬁﬂTWﬂ’]QﬂJﬂQu’ﬂuU@LaEJ\‘]TJ?I']LL‘U‘U CAS 118g RAS (919)

s Paired Samples Statistics
‘g Mean N Std. Deviation Std. Error Mean
g
® CAS 79.4 15 8.91868 2.30279
— Pair 1
v RAS 1.38E+02 15 34.55493 8.92205
T
(% Paired Samples Test
&
g Paired Differences
Mg 95% Confidence Interval of
w t df Sig. (2-tailed)
iad Mean Std. Deviation | Std. Error Mean the Difference
G
a% Lower Upper
= Pair 1 CAS -RAS -5.88E+01 28.46377 7.34931 -74.64604 -43.12062 -8.012 14 0
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@]131\31’7] 0.7 Wﬁ?tﬂﬁTgﬂﬂ'JWNLLﬁﬂﬂqﬁﬁjﬂﬁ Paired Test 49371 COD ﬂJ@QuWiuU@LﬁﬂQﬂﬁ’]LLUU CAS 1iag RAS

s Paired Samples Statistics
£ Mean N Std. Deviation Std. Error Mean
=
o CAS 89 9 32.4037 10.80123
o Pair 1
v RAS 82.3111 9 29.82065 9.94022
T
(% Paired Samples Test
s
g Paired Differences
Mg 95% Confidence Interval of the
w t df Sig. (2-tailed)
iad Mean Std. Deviation | Std. Error Mean Difference
=
é Lower Upper
°@
= Pair 1 CAS - RAS 6.68889 18.65934 6.21978 -7.65395 21.03173 1.075 8 0.314
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4 a 4 1 1 ?,’ ] ¥ 1
@]131\31’7] 0.7 Wﬁ?tﬂﬁTgﬂﬂQWNLLﬁﬂﬂqﬁﬁjﬂ% Paired Test 49371 COD mmmﬁluumﬁmﬂmuuu CAS 118 RAS (919)

s Paired Samples Statistics
E Mean N Std. Deviation Std. Error Mean
=
3 CAS 1.35E+02 11 28.62262 8.63005
S Pair 1
v RAS 1.68E+02 11 20.3006 6.12086
T
% Paired Samples Test
s
g Paired Differences
= 95% Confidence Interval of the
A Std. Error t df Sig. (2-tailed)
iad Mean Std. Deviation Difference
& Mean
a Lower Upper
°5
= Pair 1 CAS - RAS -3.32E+01 21.49747 6.48173 -47.64311 -18.75871 -5.122 10 0
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4 a 4 1 1 ?,’ ] ¥ 1
@]131\31’7] 0.7 Wﬁ?tﬂﬁTgﬂﬂ'JWNLLﬁﬂﬂqﬁﬁjﬂﬁ Paired Test 49371 COD ﬂJ@QuWiuU@LﬁﬂQﬂﬁ’]LLUU CAS 118g RAS (919)

s Paired Samples Statistics
'E Mean N Std. Deviation Std. Error Mean
=
® CAS 95.9333 15 39.6511 10.23787
— Pair 1
g RAS 85.5367 15 23.60026 6.09356
T
(% Paired Samples Test
s
g Paired Differences
Mg 95% Confidence Interval of the
w t df Sig. (2-tailed)
lad Mean Std. Deviation | Std. Error Mean Difference
=
i~ Lower Upper
25
= Pair 1 CAS - RAS 1.04E+01 41.07531 10.6056 -12.35008 33.14341 0.98 14 0.344
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@]131\31’7] n.8 Wﬂjlﬂﬁigﬂﬂ"lﬂmllﬂﬂﬁqﬁﬁjﬂ% Paired Test U93A1 NH, ‘U@QUTIUUGL’aﬂQﬂaTLLUU CAS 1lag RAS

s Paired Samples Statistics
‘g Mean N Std. Deviation Std. Error Mean
g
o CAS 1.1356 9 0.19417 0.06472
= Pair 1
v RAS 1.1989 9 0.18272 0.06091
T
(% Paired Samples Test
Py
g Paired Differences
Mg 95% Confidence Interval of the
w t df Sig. (2-tailed)
ad Mean Std. Deviation | Std. Error Mean Difference
G
a% Lower Upper
= Pair 1 CAS -RAS -0.06333 0.25446 0.08482 -0.25893 0.13226 -0.747 8 0.477
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4 a 4 1 1 %’ 1 ¥ [
@]131\31’7] n.8 Wﬂjlﬂﬁigﬂﬂjﬂmllﬂﬂﬁqﬁﬁjﬂﬁ Paired Test U93A1 NH, ‘U@QUT(IU‘}J'[’]L%EN‘]J'QTLLUU CAS 11ag RAS (¢19)

s Paired Samples Statistics
E Mean N Std. Deviation Std. Error Mean
=
3 CAS 1.4216 11 0.31345 0.09451
= Pair 1
v RAS 1.6318 11 0.33552 0.10116
T
(% Paired Samples Test
s
g Paired Differences
Mg 95% Confidence Interval of the
w t df Sig. (2-tailed)
iad Mean Std. Deviation | Std. Error Mean Difference
=
a% Lower Upper
= Pair 1 CAS - RAS -0.21018 0.46923 0.14148 -0.52542 0.10505 -1.486 10 0.168
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4 a 4 1 1 %’ 1 ¥ [
@]131\31’7] n.8 Wﬂjlﬂﬁigﬂﬂ"lﬂmllﬂﬂﬁqﬁﬁjﬂ% Paired Test U93A1 NH, ‘U@QUTIUUGL’aﬂQﬂaTLLUU CAS 11ag RAS (¢19)

s Paired Samples Statistics
'E Mean N Std. Deviation Std. Error Mean
=
® CAS 1.26 15 0.25377 0.06552
— Pair 1
g RAS 1.0367 15 0.16452 0.04248
T
(% Paired Samples Test
s
g Paired Differences
= 95% Confidence Interval of
w t df Sig. (2-tailed)
lad Mean Std. Deviation | Std. Error Mean the Difference
=
i~ Lower Upper
25
= Pair 1 CAS - RAS 0.22333 0.18806 0.04856 0.11919 0.32748 4.599 14 0

181



~ a 4 Y as %’ 1 d"
M13°19N N9 Wﬁ’JLﬂ’iRWﬂ’J"IZJLL‘]JﬁJi’Juﬂ’JEJ’J‘ﬁ One way ANOVA ‘lJ@\‘lﬂﬂ!ﬂTW‘L!ﬂu‘U’f)L‘W"l&ﬁElQ‘]Jﬁ1ﬁ]ﬂQﬂNﬁ3J

{ o o ¥ J ' @
1YY RAS ﬁ’E]ﬂi"lfﬂﬁg'i‘]Ju"IV]NﬂfﬁﬁTﬁﬂﬁ!,MﬂﬁNﬂu

ANOVA
concentration
8 Sum of Squares df Mean Square F Sig.
-& Between Groups 0.685 2 0.343 0.363 0.698
Within Groups 30.194 32 0.944
Total 30.879 34
ANOVA
concentration
=
g Sum of Squares df Mean Square F Sig.
_g Between Groups 0.039 2 0.019 0.007 0.993
Within Groups 90.876 32 2.84
Total 90.915 34
ANOVA
concentration
- Sum of Squares df Mean Square F Sig.
= Between Groups 1.181 2 0.591 5.893 0.007
Within Groups 3.208 32 0.1
Total 4.389 34
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~ a 4 Y as %’ 1 d"
M13°19N N9 Wﬁ’JLﬂ’iRWﬂ’J"IZJLL‘]JﬁJi’Juﬂ’JEJ’J‘ﬁ One way ANOVA mmﬂmmwuﬂuuezwmamﬂm@ﬂgﬂwﬁu

{ o o ¥ 14 ' @ J
1Y RAS ﬁ’E]ﬂi"lfﬂﬁgiUUWﬂTQ%ﬁﬁWﬁﬂﬁllﬂﬂﬁNﬂu (919)

ANOVA
= concentration
:% Sum of Squares df Mean Square F Sig.
% Between Groups 94.137 2 47.069 5.167 0.011
= Within Groups 291.49 32 9.109
Total 385.627 34
ANOVA
concentration
=
g’ Sum of Squares df Mean Square F Sig.
_% Between Groups 6.91 2 3.455 1.043 0.364
Within Groups 106.048 32 3314
Total 112.959 34
ANOVA
aoé concentration
g Sum of Squares df Mean Square F Sig.
é Between Groups 364770.51 2 182385.25 253.365 0
= Within Groups 23035.267 32 719.852
Total 387805.78 34
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~ a 4 Y as %’ 1 d"
M13°19N N9 Wﬁ’JLﬂ’iRWﬂ’J"IZJLL‘]JﬁJi’Juﬂ’JEJ’J‘ﬁ One way ANOVA mmﬂmmwuﬂuuezwmamﬂm@ﬂgﬂwﬁu

{ o o ¥ 14 ' @ J
1Y RAS ﬁ’E]ﬂi"lfﬂﬁgiUUWﬂTQ%ﬁﬁWﬁﬂﬁllﬂﬂﬁNﬂu (919)

ANOVA
concentration
8 Sum of Squares df Mean Square F Sig.
© Between Groups 52662.045 2 26331.023 44.27 0
Within Groups 19032.924 32 594.779
Total 71694.97 34
ANOVA
concentration
_ Sum of Squares df Mean Square F Sig.
“ Between Groups 2.301 2 1.151 20.783 0
Within Groups 1.772 32 0.055
Total 4.073 34
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a d v 1'%
¥. HANIIAUAIITHAITNLUA nmamzﬂﬂmmu SPSS

{ a I'd 1 1 %’ ) 1 4
G]"lﬁ'Nﬁ %.1 Wﬁ?tﬂi1$ﬂﬂ31ﬂllﬂﬂﬂ1@ﬁ?ﬂ% Paired Test lemem‘Viuﬂeu’e)Q‘iJm@nqmﬁuiuumﬁmﬂmuuu RAS-FWS 1l RAS-SF

4
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TUUIMNMNBAMNTAT
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@
@

NoNIINIT

Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean

FWS 1.07E+02 24 8.55721 1.74673

Pair 1
SF 97.6562 24 7.3908 1.50864
Paired Samples Test
Paired Differences
95% Confidence Interval of
t df Sig. (2-tailed)
Mean Std. Deviation Std. Error Mean the Difference
Lower Upper

Pair 1 FWS - SF 9.4366 9.27632 1.89352 5.51962 13.35371 4,984 23 0
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4 a 4 1 1 %‘ o 1 ¥ [}
@]131\31’7] %.1 Na’stﬂiw“ﬂﬂ’nmmwmﬁl’sﬁﬁ% Paired Test °U'E]\‘lﬂ']ﬂ"lcﬂ'L!ﬂﬁU'ENﬂﬁ']ﬂﬂgﬂWﬁiJ{lu‘UﬂLaENﬂa"lllﬂﬂ RAS-FWS 118 RAS-SF (919)

s Paired Samples Statistics
'E Mean N Std. Deviation Std. Error Mean
=
3 FWS 99.5954 24 2.79398 0.57032
= Pair 1
g SF 99.3333 24 7.02468 1.43391
T
(% Paired Samples Test
s
g Paired Differences
= 95% Confidence Interval of
w t df Sig. (2-tailed)
lad Mean Std. Deviation | Std. Error Mean the Difference
=
i~ Lower Upper
25
= Pair 1 FWS - SF 0.26208 7.37022 1.50444 -2.85009 3.37425 0.174 23 0.863
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4 a 4 1 1 %‘ o 1 ¥ [}
@]131\31’7] %.1 Wﬁ?iﬂiTgﬁﬂQWNLL@ﬂWWQﬁﬂﬂﬁ Paired Test °U'E]Qﬂ']l!"lﬁ'L!ﬂGU'ENﬂﬁTﬂﬂQﬂWﬁNiu‘U@L%ﬁNﬂﬁulUU RAS-FWS 118 RAS-SF (919)

s Paired Samples Statistics
'E Mean N Std. Deviation Std. Error Mean
=
® FWS 98.3437 24 4.33247 0.88436
— Pair 1
g SF 98.3358 24 4.73168 0.96585
T
(% Paired Samples Test
s
g Paired Differences
Mg 95% Confidence Interval of the
w t df Sig. (2-tailed)
lad Mean | Std. Deviation | Std. Error Mean Difference
=
i~ Lower Upper
25
= Pair 1 FWS-SF | 0.00792 6.43318 1.31317 -2.70858 2.72441 0.006 23 0.995
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A1519N ¥.2 Nﬁ’JLﬂﬁWZﬂﬂ’JWNLL@ﬂ@]Nﬁ}’JEJa% Paired Test °U’ENﬂWﬂ’ZﬂNﬂW’)‘lJ@Qﬂa"lﬂﬂQﬂNﬁiJclu‘U@LaEN‘iJﬁHL‘]J‘]J RAS-FWS 1ing RAS-SF

s Paired Samples Statistics
'E Mean N Std. Deviation Std. Error Mean
=
QN FWS 1.00E+02 24 8.00017 1.63303
S Pair 1
g SF 1.02E+02 24 7.94362 1.62148
T
(% Paired Samples Test
s
g Paired Differences
= 95% Confidence Interval of
w t df Sig. (2-tailed)
lad Mean Std. Deviation Std. Error Mean the Difference
=
i~ Lower Upper
25
= Pair 1 FWS - SF -1.3987 2.1389 0.4366 -2.30193 -0.49557 -3.204 23 0.004
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@]131\31’7] %¥.2 Wm!,ﬂﬁwwmwmmwmﬁl’sﬁﬁ% Paired Test °U'E]\’lﬂ']ﬂ'J']NﬂT?m@QﬂﬁTﬁlﬂQﬂNﬁNiuU@LaEJ\‘]TJZ’I']LL‘U‘U RAS-FWS 118 RAS-SF (919)

s Paired Samples Statistics
'E Mean N Std. Deviation Std. Error Mean
=
3 FWS 1.00E+02 24 4.20739 0.85883
=) Pair 1
g SF 1.00E+02 24 4.24651 0.86681
T
(% Paired Samples Test
s
g Paired Differences
Mg 95% Confidence Interval of the
w t df Sig. (2-tailed)
lad Mean Std. Deviation | Std. Error Mean Difference
=
i~ Lower Upper
25
= Pair 1 FWS - SF -0.39542 5.71761 1.1671 -2.80975 2.01892 -0.339 23 0.738
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@]131\31’7] %¥.2 Wm!,ﬂﬁwwmmu@lﬂ@mﬁl’sﬁﬁ% Paired Test °U'E]Qﬂ']ﬂ'J']NﬂT?m@QﬂﬁTﬂﬂQﬂNﬁNiuU@LaEJ\‘]TJ?I']LL‘U‘U RAS-FWS 118 RAS-SF (919)

s Paired Samples Statistics
‘g Mean N Std. Deviation Std. Error Mean
g
® FWS 96.4829 24 6.64253 1.3559
— Pair 1
= SF 95.8771 24 8.26246 1.68657
T
(% Paired Samples Test
&
g Paired Differences
Mg 95% Confidence Interval of
w t df Sig. (2-tailed)
iad Mean Std. Deviation Std. Error Mean the Difference
G
a% Lower Upper
= Pair 1 FWS - SF 0.60583 10.71758 2.18772 -3.9198 5.13147 0.277 23 0.784
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luiie@eat)auy RAS-FWS 1ag RAS-SF
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Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean

FWS 1.00E+02 24 8.00017 1.63303

Pair 1
SF 1.02E+02 24 7.94362 1.62148
Paired Samples Test
Paired Differences
95% Confidence Interval of the
t df Sig. (2-tailed)
Mean Std. Deviation Std. Error Mean Difference
Lower Upper

Pair 1 FWS - SF -1.3987 2.1389 0.4366 -2.30193 -0.49557 -3.204 23 0.004
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lutie@ea1)antuy RAS-FWS tiag RAS-SF (519)
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Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean
FWS 1.00E+02 24 4.20739 0.85883
Pair 1
SF 1.00E+02 24 4.24651 0.86681
Paired Samples Test
Paired Differences
95% Confidence Interval of
t df Sig. (2-tailed)
Mean Std. Deviation Std. Error Mean the Difference
Lower Upper
Pair 1 FWS -SF -0.39542 5.71761 1.1671 -2.80975 2.01892 -0.339 23 0.738
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4 a 4 1 1 %‘ @ A 4 [
G]"I'iNﬁ %¥.3 Wﬂﬁlﬂﬁ?%ﬂﬂ??ﬂllﬁﬂﬁﬁﬁlﬂlﬁla‘% Paired Test mmmumumwmaﬁaﬂmummﬂm@ﬂgﬂmﬁu

lutie@ea1)antuy RAS-FWS tiag RAS-SF (519)
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Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean
FWS 96.4829 24 6.64253 1.3559
Pair 1
SF 95.8771 24 8.26246 1.68657
Paired Samples Test
Paired Differences
95% Confidence Interval of
Std. Error t df Sig. (2-tailed)
Mean Std. Deviation the Difference
Mean
Lower Upper
Pair 1 FWS - SF 0.60583 10.71758 2.18772 -3.9198 5.13147 0.277 23 0.784
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Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean

FWS 1.09E+02 14 19.64968 5.2516

Pair 1
SF 92 14 19.65863 5.25399
Paired Samples Test
Paired Differences
95% Confidence Interval of
t df Sig. (2-tailed)
Mean Std. Deviation Std. Error Mean the Difference
Lower Upper

Pair 1 FWS -SF 1.66E+01 25.33989 6.77237 1.94061 31.20224 2.447 13 0.029
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Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean
FWS 99.3046 24 11.43883 2.33494
Pair 1
SF 99.1317 24 11.02235 2.24993
Paired Samples Test
Paired Differences
95% Confidence Interval
t df Sig. (2-tailed)
Mean Std. Deviation Std. Error Mean of the Difference
Lower Upper
Pair 1 FWS - SF 0.17292 16.38021 3.3436 -6.74384 7.08967 0.052 23 0.959
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Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean
FWS 95.5133 24 9.60129 1.95985
Pair 1
SF 95.1925 24 10.95126 2.23542
Paired Samples Test
Paired Differences
95% Confidence Interval of
t df Sig. (2-tailed)
Mean Std. Deviation | Std. Error Mean the Difference
Lower Upper
Pair 1 FWS - SF 0.32083 15.25442 3.1138 -6.12054 6.76221 0.103 23 0.919
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Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean

FWS 1.03E+02 14 26.46919 7.07419

Pair 1
SF 94.5079 14 29.22754 7.81139
Paired Samples Test
Paired Differences
95% Confidence Interval of
t df Sig. (2-tailed)
Mean Std. Deviation | Std. Error Mean the Difference
Lower Upper

Pair 1 FWS - SF 8.84214 9.47516 -11.62769 29.31198 0.933 13 0.368
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Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean
FWS 99.2838 24 22.31416 4.55486
Pair 1
SF 98.6933 24 20.37991 4.16003
Paired Samples Test
Paired Differences
95% Confidence Interval of the
t df Sig. (2-tailed)
Mean Std. Deviation Std. Error Mean Difference
Lower Upper
Pair 1 FWS - SF 0.59042 25.09907 5.12333 -10.00799 11.18882 0.115 23 0.909
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Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean

FWS 97.5292 24 12.08193 2.46621

Pair 1
SF 97.815 24 13.79056 2.81499
Paired Samples Test
Paired Differences
95% Confidence Interval of
t df Sig. (2-tailed)
Mean Std. Deviation Std. Error Mean the Difference
Lower Upper

Pair 1 FWS - SF -0.28583 19.54395 3.98939 -8.53852 7.96685 -0.072 23 0.944
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AT N ¥.6 NAUATISHANULANANNAIYIT Paired Test ﬂJ@QﬂW@ﬁiWﬂﬁL‘ﬂﬁEJ‘LJE]TVIﬁlﬂul,u’f]‘llﬂﬁ‘ﬂﬁT@ﬂ@‘ﬂNﬁiJ

luiie@eat)auy RAS-FWS 1ag RAS-SF

4

9
°

TUUIMNMNBAMTAT

[

1
A o

032m' m”°d’

@
@

NOAITINII

Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean
FWS 1.02E+02 14 18.38093 491251
Pair 1
SF 95.3643 14 22.33225 5.96854
Paired Samples Test
Paired Differences
95% Confidence Interval of
t df Sig. (2-tailed)
Mean Std. Deviation Std. Error Mean the Difference
Lower Upper
Pair 1 FWS-SF 7.04714 26.73962 7.14646 -8.39186 22.48614 0.986 13 0.342
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AT N ¥.6 NAUATISHANULANANNAIYIT Paired Test ﬂJ@QﬂW@G]ﬁﬂﬁL‘iJﬁEJ‘LJE]TVIﬁlﬂul,u’f]‘ll@Q‘IJﬁTQﬂQﬂNﬁiJ
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Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean
FWS 99.5042 24 15.85896 3.2372
Pair 1
SF 99.3467 24 13.79311 2.81551
Paired Samples Test
Paired Differences
95% Confidence Interval of
t df Sig. (2-tailed)
Mean Std. Deviation Std. Error Mean the Difference
Lower Upper
Pair 1 FWS-SF 0.1575 17.3941 3.55056 -7.18738 7.50238 0.044 23 0.965
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AT N ¥.6 NAUATISHANULANANNAIYIT Paired Test ﬁummammmﬂaauammﬂummmﬂm@ﬂgﬂwﬁu

lutie@eat)antuy RAS-FWS tiag RAS-SF (519)

Paired Samples Statistics

o:.-c Mean N Std. Deviation Std. Error Mean

=

E FWS 98.6225 24 8.78872 1.79399

a Pair 1

= SF 98.7796 24 10.27465 2.09731

[

& Paired Samples Test

Z

= Paired Diftferences
Ro;

a

e 95% Confidence Interval of

sl . t df Sig. (2-tailed)

U% Mean Std. Deviation Std. Error Mean the Difference

=
.Zg Lower Upper

Pair 1 FWS-SF -0.15708 14.35805 2.93082 -6.21996 5.90579 -0.054 23 0.958
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a. wam3 uazranuulsdsiuaalilsunsu SPSS Nas¥u 16.0

= a d ' Y ax . = a -t
A1T19N .1 NRAATIEHANULANANNAIYID Paired Test E’II&ITﬂﬁ‘]Ju"UENﬂaW]ﬂQﬂNﬁllGlu‘]JE]mENﬂﬁ'nmﬂ RAS-FWS t1aig RAS-SF

s Paired Samples Statistics
;E Mean N Std. Deviation Std. Error Mean
g
Q FWS - 1.26E+02 22 22.38712 4.77295
= Pair 1
v SF 1.13E+02 22 19.97046 425772
T
% Paired Samples Test
&
g Paired Differences
Mg 95% Confidence Interval of
o t df Sig. (2-tailed)
ad Mean Std. Deviation Std. Error Mean the Difference
G
a% Lower Upper
= Pair 1 FWS - SF 1.30E+01 9.97277 2.1262 8.62287 17.46622 6.135 21 0
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~ a 4 1 9 as . = a ] dy '
M1 1N U, 1 NAUATIEUANUUANNINAIYID Paired Test é’JIMTﬂa‘lJuGlJEJQ1Jmmgmﬁﬂuuammﬂmuuu RAS-FWS 8¢ RAS-SF (919)

Paired Samples Statistics
(,:; Mean N Std. Deviation Std. Error Mean
“g FWS - 1.00E+02 24 12.59644 2.57124
NS Pair 1
S SF 96.68 24 17.64766 3.60231
Al
g Paired Samples Test
=
S Paired Differences
S
M§ 95% Confidence
3§ Interval of the t df Sig. (2-tailed)
e Mean Std. Deviation | Std. Error Mean
& Difference
=
3 L U
_ﬂg ower pper
Pair 1 FWS - SF 3.32833 7.96821 1.6265 -0.03635 6.69301 2.046 23 0.052
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~ a 4 1 9 as . = a ] dy 1
M1 1N U, 1 NAUATIEUANUUANNINAIYID Paired Test ﬂmTﬂauueumﬂm@ﬂ’gﬂvmﬂuuamEJQ‘]JmLL‘U‘U RAS-FWS 8¢ RAS-SF (919)

s Paired Samples Statistics
E Mean N Std. Deviation Std. Error Mean
=
® FWS - 1.27E+02 23 41.70739 8.69659
— Pair 1
v SF 1.51E+02 23 23.71505 4.94493
T
(% Paired Samples Test
s
g Paired Differences
= 95% Confidence Interval of
w t df Sig. (2-tailed)
sl Mean Std. Deviation Std. Error Mean the Difterence
=
a% Lower Upper
= Pair 1 FWS -SF -2.38E+01 37.13967 7.74416 -39.94083 -7.82004 -3.084 22 0.005
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4 a 4 ' a ' 1
A3 .2 WAINTIZHANWLANAIIAIYID Paired Test Fu1 Tansavostargngnuaulutiofestlanny RAS-FWS 1oz RAS-SF

s Paired Samples Statistics
E Mean N Std. Deviation Std. Error Mean
=
QN FWS 1.15E+02 14 19.62282 5.24442
S Pair 1
g SF 1.09E+02 14 22.81314 6.09707
T
(% Paired Samples Test
s
g Paired Differences
= 95% Confidence Interval
w t df Sig. (2-tailed)
lad Mean Std. Deviation Std. Error Mean of the Difference
=
i~ Lower Upper
25
= Pair 1 FWS - SF 5.71429 22.22759 5.94057 -7.11954 18.54812 0.962 13 0.354
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~ a 4 1 9 as . = a ] dy 1
M3 19N U.2 NAUATIEUANUUANNINAIYID Paired Test 83J']ISSV’Iﬂﬁﬂm@ﬁﬂa"lﬂﬂ@‘ﬂwaﬂcluﬂ@mENTJZ’I']LL‘U‘U RAS-FWS 118 RAS-SF (919)

s Paired Samples Statistics
'E Mean N Std. Deviation Std. Error Mean
=
3 FWS - 1.16E+02 24 14.43307 2.94614
=) Pair 1
g SF 1.14E+02 24 19.96893 4.07614
T
(% Paired Samples Test
s
g Paired Differences
= 95% Confidence Interval
w t df Sig. (2-tailed)
lad Mean Std. Deviation Std. Error Mean of the Difference
=
é Lower Upper
@
= Pair 1 FWS - SF 1.15333 10.29541 2.10154 -3.19404 5.5007 0.549 23 0.588
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~ a 4 1 9 as . = a ] dy 1
M3 19N U.2 NAUATIEUANUUANNINAIYID Paired Test 83J']Iﬁﬂﬁﬁm@ﬁﬂa"lﬂﬂ@‘ﬂwfdﬂﬁluﬂ@mENTJ'Q']LL‘U‘U RAS-FWS 118 RAS-SF (919)

Paired Samples Statistics
T"O
q'a Mean N Std. Deviation Std. Error Mean
“g
® FWS 1.20E+02 23 37.12165 7.7404
— Pair 1
T SF 1.39E+02 23 20.63491 4.30268
T
= Paired Samples Test
>
24
é Paired Differences
ao:
St 95% Confidence Interval of
2 t df Sig. (2-tailed)
g Mean Std. Deviation Std. Error Mean the Difference
o
3 Lower Upper
1=
Pair 1 FWS - SF -1.91E+01 31.94513 6.66102 -32.9715 -5.34328 -2.876 22 0.009
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~ v A o ] a A J a dy A Y dy A %’ a 4
137190 .1 ﬂWﬂ\‘]ﬂf)ﬁ’i"Ifﬂ3El@Elﬁ’ﬁ181?[13@u‘ﬂ3El!,m&’ﬂ”liﬂiﬁimuwuﬂcluﬂ"liﬁiNi&“iJ‘iJWH“VHg:iJH"I‘iJi%ﬂ’l&lfﬁﬂJﬂQi$‘]J‘]J RAS-FWS

fsasmszsuihmararmans 0.32 m’ m” d’
JEUU ci(mg/l) | X (mg/) celci t (d) K, dh 08720 K, In (ci-ce) d (m) K *d A (m))
43 32 0.750 1 0.125 1.492 0.084 2.380 0.20 0.025 15.237
58 14 0.243 1 0.614 1.492 0.412 3.775 0.20 0.123 4916
51 35 0.688 1 0.163 1.492 0.109 2.773 0.20 0.033 13.631
78 56 0.718 1 0.144 1.492 0.096 3.091 0.20 0.029 17.184
s 64 44 0.688 1 0.163 1.492 0.109 2.996 0.20 0.033 14.728
80 40 0.500 1 0.301 1.492 0.202 3.689 0.20 0.060 9.803
128 24 0.188 1 0.727 1.492 0.125 4.644 0.20 0.145 5.111
80 52 0.650 1 0.187 1.492 0.203 3.332 0.20 0.037 14.249
!ﬂéﬂ 73 37 0.553 1 0.303 1.492 0.168 3.335 0.20 0.061 11.857

(414



~ v A o ] a A J a dy A Y dy A %’ a 4
137190 .2 ﬂWﬂ\‘]ﬂf)ﬁ’i"lfﬂ3El@Elﬁ’ﬁ181?[13@u‘ﬂ3El!,m&’ﬂ”liﬂiﬁimuwuﬂcluﬂ"liﬁiNi&"iJ‘iJWHﬂiﬁJu"l‘iJi%ﬂE;‘QﬂJ@Qi%UU RAS-SF

o

A o 3 4 32 1
NOATINTZIUUINNFAMTNT 0.32m m~ d

PEAIN ci (mg/l) X (mg/1) ce/ci t(d) K, @h o820 K, In (ci-ce) d (m) K *d A (m)
36 12 0.333 0.62 0.770 1.492 0.516 3.178 0.45 0.346 1.47
29 22 0.764 0.62 0.189 1.492 0.126 1.917 0.45 0.085 3.61
96 17 0.177 0.62 1.213 1.492 0.813 4.369 0.45 0.546 1.28
75 24 0.320 0.62 0.798 1.492 0.535 3.932 0.45 0.359 1.75
o 80 40 0.250 0.62 0.971 1.492 0.651 4.094 0.45 0.437 1.50
72 36 0.222 0.62 1.054 1.492 0.706 4.025 0.45 0.474 1.36
56 28 0.500 0.62 0.486 1.492 0.325 3.332 0.45 0.218 2.44
72 36 0.611 0.62 0.345 1.492 0.231 3.332 0.45 0.155 3.43
88 44 0.136 0.62 1.396 1.492 0.935 4331 0.45 0.628 1.10
!‘ﬂéﬂ 67 29 0.368 0.62 0.802 1.492 0.538 3.612 0.45 0.361 1.99
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~ v A o ] a A J a dy ~ Y dy A %’ a 4
M990 .3 ﬂWﬂ\‘]ﬂf)ﬁ’i"Ifﬂ3El@El’d’ﬁ181?[13@u‘ﬂ3El!m%ﬂ”liﬂigmuwuﬂcluﬂ"li’diNi&“iJ‘iJWH“VHg"iJH"I‘iJi%ﬂ’l&liﬁJﬂQiﬁJ‘U RAS-FWS

fisasmszsuthmaramans 0.64 m’ m” d’
PEAIN ci(mg/) | X (mg/l) celci t(d) K, @h o820 K, In (ci-ce) d (m) K *d A (m)
145 46.5 0.322 0.61 0.807 1.492 0.541 4.585 0.20 0.161 9.09
105 59.4 0.566 0.61 0.405 1.492 0.272 3.819 0.20 0.081 15.08
121 30.5 0.252 0.61 0.981 1.492 0.657 4.505 0.20 0.196 7.35
s 115 35.0 0.304 0.61 0.847 1.492 0.568 4.382 0.20 0.169 8.28
126 36.5 0.290 0.61 0.882 1.492 0.591 4.494 0.20 0.176 8.15
190 79.0 0.415 0.61 0.626 1.492 0.420 4.713 0.20 0.125 12.04
!ﬂéﬂ 134 48 0.358 0.61 0.758 1.492 0.508 4.416 0.20 0.152 10.00
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~ v A o ] a A J a dy A Y dy A %’ a 4
M13719N .4 ﬂWﬂ\‘]ﬂf)ﬁ’i"Ifﬂ3El@El’d’ﬁ181?[13@u‘ﬂ3El!,m&’ﬂ”liﬂigmuwuﬂcluﬂ"liﬁiNi&“iJ‘iJWH“VHg:iJH"I‘iJi%ﬂ’l&liﬁJﬂQiﬁJ‘U RAS-SF

9
o

fisasimszfuthmerasmnand 0.64 m’ m> d'

PEAIN ci(mg/) | X (mg/l) celci t (d) K, @ 204720 K, In (ci-ce) d (m) K *d A (m)
128 32 0.250 0.30 2.007 1.49 1.345 4.564 0.45 0.903 1.617

168 58 0.347 0.30 1.532 1.49 1.027 4.699 0.45 0.689 2.181

113 40 0.354 0.30 1.503 1.49 1.007 4.290 0.45 0.677 2.029

o 103 38 0.364 0.30 1.463 1.49 0.980 4,182 0.45 0.658 2.033
175 30 0.171 0.30 2.553 1.49 1.711 4977 0.45 1.149 1.386

223 58 0.261 0.30 1.946 1.49 1.304 5.104 0.45 0.876 1.865

!ﬂéﬂ 152 43 0.291 0.30 1.834 1.49 1.229 4.636 0.45 0.825 1.852
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= v A o ] a A J a dy A Y dy A %! a 4
AT 19N .S ﬂWﬂQV]fJﬁﬁ1fﬂ3ﬂﬂﬁlﬁﬁWﬂﬁTi@uﬂiﬁlllﬁﬁiﬂﬁﬂi$L3Juwu1flcluﬂ13ﬁiNi&"iJ‘UW‘L!“VHﬁJHT]Ji%ﬂ’ls!iiélJ’ﬂQi%‘]J‘U RAS-FWS

(%

= o 3 4 32 1
NOATINTZIUUINNNFAMNTANT 1.28 m m ™~ d

PEAIN ci(mg/1) | X (mg/) celci t (d) K, dh o720 K, In (ci-ce) d (m) K *d A (m)
77 26 0.333 0.32 1.491 1.492 0.999 3.936 0.20 0.298 8.447
71 10 0.139 0.32 2.679 1.492 1.795 4.119 0.20 0.536 4919
66 9 0.129 0.32 2.782 1.492 1.864 4.052 0.20 0.556 4.661
55 17 0.300 0.32 1.634 1.492 1.095 3.651 0.20 0.327 7.149
73 35 0.479 0.32 0.998 1.492 0.669 3.638 0.20 0.200 11.667
69 31 0.449 0.32 1.086 1.492 0.728 3.638 0.20 0.217 10.719
FWS 78 42 0.538 0.32 0.840 1.492 0.563 3.584 0.20 0.168 13.649
141 43 0.304 0.32 1.616 1.492 1.083 4.586 0.20 0.323 9.082
88 50 0.565 0.32 0.774 1.492 0.519 3.640 0.20 0.155 15.041
80 43 0.538 0.32 0.840 1.492 0.563 3.611 0.20 0.168 13.754
58 28 0.482 0.32 0.990 1.492 0.663 3.395 0.20 0.198 10.973
55 22 0.400 0.32 1.244 1.492 0.833 3.497 0.20 0.249 8.997
66 19 0.281 0.32 1.722 1.492 1.154 3.856 0.20 0.344 7.168
!ﬂéﬂl 75 29 0.380 0.32 1.438 1.492 0.964 3.785 0.20 0.288 9.710
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13790 .6 ﬂWﬂQ‘VlfJﬁﬁ1fﬂ3El@ElﬁﬁWElﬁﬁ@uﬂiEl!m%ﬂ”liﬂi$L3Juwu1flcluﬂ13ﬁiNi&"iJ‘iJWHﬂiﬁJuT]Ji%ﬂ’l&lfﬁﬂJﬂQi%UU RAS-SF

v
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= ¥ 4 32
NOATINTLTUUINNYAAANT 1.28 m m~ d

PEAIN ci(mg/1) | X (mg/) celci t (d) K, dh o720 K, In (ci-ce) d (m) K *d A (m)
44 20 0.455 0.14 2.446 1.49 1.639 3.170 0.45 1.101 1.843

72 16 0.222 0.14 4.666 1.49 3.127 4.025 0.45 2.100 1.227

81 21 0.253 0.14 4,262 1.49 2.856 4.103 0.45 1.918 1.369

68 22 0.316 0.14 3.572 1.49 2.394 3.839 0.45 1.607 1.529

98 31 0.316 0.14 3.570 1.49 2.393 4.205 0.45 1.607 1.675

SF 120 60 0.500 0.14 2.150 1.49 1.441 4.094 0.45 0.968 2.708
114 45 0.392 0.14 2.908 1.49 1.949 4.241 0.45 1.308 2.074

177 55 0.312 0.14 3.615 1.49 2.422 4.803 0.45 1.627 1.890

117 37 0.316 0.14 3.576 1.49 2.396 4.384 0.45 1.609 1.744

106 34 0.321 0.14 3.527 1.49 2.364 4.277 0.45 1.587 1.724

160 58 0.359 0.14 3.178 1.49 2.130 4.633 0.45 1.430 2.073

!ﬂéﬁl 105 36 0.342 0.14 3.406 1.49 2.283 4.161 0.45 1.533 1.805
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Abstract. The main ohjective of the present sudy was to investigate the possibility of water
reclamation by using wetlands for Hvbrid Catfish culture under high hydraulic loading rates for
saving water resources. Two water systems, control aquaculture system (CAS) and reclamation
aquaculture system (RAS) were constructed at Suranaree University of Technology. Nakhon
ratchasima Province, Thailand. CAS consists of two Hvbrid Catfish culture ponds and RAS consists
of four Hybrid Caifish culture ponds. two culture ponds for water reclamation by using Free Water
Surface (TWS) constructed wetlands and another two culture ponds for subsurface (ST') constructed
wetlands. The wetland systems were supplied the wastewater from Hybrid Catfish culture ponds
with hydraulic loading rates (HLR) ot 0.32. 0.64 and 1.28 m’/m"-d respectively. The COD. TSS. TP
and TKN removal efficiencies of FWS and SF were measured. The Iybrid Caifish in RAS and
CAS were measured the production and blood analysis. The results showed the COD and TSS
removal efficiencies of FWS and SF were similar in the range of 58.60-71.82% and 58.56-69.91%,
respectively. The TKN removal efficiency of FWS is higher than SF whereas the TP removal
elliciency ol SF 1s higher than FWS. The walter qualities in culture ponds of RAS were 1n the range
of standard for aquaculture but COD and NH,~ were higher than standard. These might be because
of the feeding and waste of fish. However, the COD and NH," of the culture tank were nearly the
same in the two systems. The results of production and blood analysis were no significant
differences between the CAS and RAS. The areas of constructed wetland to Ilybrid Catfish culture
in this study at hydraulic loading rates 0.64 and 1.28 m’/m’-d were lower. It was concluded that
wetlands under high hydraulic loading rates could be used for water reclamation of Hvbrid Catfish
culture.

Introduction

Aquaculture is an important industry and requires large amount of water resource, land area and
discharges contam considerable quantities of organic matter, nitrogen and phosphorus and can
further degrade the water quality in receiving water adversely impacting the environmental. The
oxidation pond is used as wastewater system for aquaculture. These is a natural treatment system,
biodegradable, Photosynthesis and fermentation. Ilowever, these method treatment need long
hydraulic retention time (HRT) and large area [1]. Constructed wetlands have been used to treat
acid mine drainage. storm water runoff, municipal wastewater, industrial wastewater and
agricultural [2]. Constructed wetlands system is characterized by the advantages of moderate capital
costs low energy and maintenance requirements, and benefits of increased wildlife habitat [3]. This
used lower area site for wastewater treatment than oxidation pond system [4]. Constructed wetland
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can remove significant amounts of suspended solids, organic matter, nitrogen, phosphorus, trace
elements and microorganisms contained in wastewater [2]. Previous studies [5.6,7.8.9.10,11] have
demonstated that constructed wetlands can etficiently remove the major pollutants of aquaculture.
Researchers used a constructed wetland in recirculating aquaculture system for shrimp culture.
They succeeded in the performance of constructed wetlands and survival rate in culture system with
90% water recycling[12]. The main objective of the present study was to investigate the possibility
of water reclamation by using constructed wetland for Hvbrid Catfish culture under high hydraulic
loading rates for saving water of the culture tank and determine area requirement of constructed
wetland.

Material and Methods

Hybrid Catfish culture systems

As shown m Fig. 1, two water systems, CAS and RAS, were constructed at Suranaree University of
Technology, Nakhon Ratchasima Province, Thailand. CAS consisted of two Hvbrid Catfish culture
ponds, and RAS consisted of four Hybrid Catfish culture ponds, two culture ponds for water
reclamation by using Free Water Surface (FWS) constructed wetlands. and other two culture ponds
for subsurface (SF) constructed wetlands. The culture pond was 0.5 m of diameter and 0.5 m of
water depth and consisting of 37 Hybrid Catfish per pond. The dimension of constructed wetland

tank was 0.5 x 1.0 x 0.5 m (W x L x H), and umbrella plant (Cvperus involucra Rotth.) were

cultivated in constructed wetland.

Influent |..|1,i..,.|

¢ Sampling

CAS RAS-FWS . RAS-SF

Fig.1 Schematic diagram of the reclamation aquaculture system (RAS) and

the control culture system (CAS)
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Sampling and analysis

Inlet and outlet of constructed wetlands were sampled and analyzed chemical oxygen demand
(COD), total suspended solids (TSS), total phosphorus (TP) and total Kjeldahl nitrogen (TKN). The
water in each culture pond was analyzed for temperature, pH, dissolved oxygen (DO), transpiration
depth, alkalinity, COD and ammonia (NH, ") of water quality. All the analytical measurements were
carried out according to Standard Methods [13]. The Hvbrid catfish 12 fish from each pond were
sampled and measured for production and blood analysis. The results were tested statistically by
Paired test and ANOVA, at significance level of 0.05 for each data.

Constructed wetland area estimates
It is well recognized that pollutant removal in constructed wetland can be described using first-order
kinetic model. This model 1s given below, when omitting the background pollutant concentration

[2].

C
¢ = expl— Kt 1
c p(— K1) (1)

0

Where C, = influent pollutant concentration (mg/1), C. = effluent pollutant concentration (mg/1), t =
nominal hydraulic retention time (day), k = first-order removal rate constant (day™). Eq.1. can be
rearranged to provide an estimate of constructed wetland area needed of wastewater treatment
aquaculture construction:

e O(lnC, -InC,) )
keh,,

Where Q = flow rate of wastewater (m’/d), A = the total wetland area (m?), & = porosity of media in

wetland pond and h,, = water depth of wetland (m)

Results and Discussion

Removal efficiency of FWS and SF constructed wetlands

The COD, TSS, TP and TKN removal efficiencies of FWS and SF were shown 1n Fig.2. The results
showed that the FWS had removal efficiencies of COD and TSS similar with the SF. The results of
COD and TSS removal efficiencies of the FWS were found in the range of 58.60-71.82 % and
64.00-69.91% respectively. The SF were found in the range of 58.87-66.82% and 58.56-64.6 %
respectively. The statical test of the three hydraulic loading rates by ANOVA showed no significant
differences (p=>0.05). The FWS has TKN removal efficiency higher than the SF because FWS had
decomposition process by nitrification and denitrification [14], whereas the SF had TP removal
efficiency 1s better than the FWS. The main mechanisms of removal TP include sedimentation
adsorption and filtration that media of SF more than FWS [15]. The removal efficiencies of TKN
and TP of FWS were in the range of 84.11-69.31% and 52.78-61.55% respectively. The results of
SF were in the range of 59.87-73.45% and 67.78-74.60% respectively.
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00.32 wd

00.64 m/d
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80.64 m/d

D01.28 m/d

parameter

Fig.2 Removal efficiency of FWS and SF

Water quality effluent of the wetland

As shown in Table |, treatment results of water quality by the RAS-FWS and RAS-SF wetland
were 1n the range of standard [16.17]. The RAS-FWS and RAS-SF could be treat wastewater

reclamation for aquaculture.

Table 1 Treatment results of water quality by the RAS-FWS and RAS-SF wetland

concentration (mg/1)
Para- =3 T3 - - T3 T standard
0.32m" m-d" (n=9) 0.64m m-d (n=11) 1.28m " m~ d " (n=15)
mefter o . . . (mg/T)
FWS SF FWS SF FWS SF
COD 40+£18.58 16+ 83 33+92 38+84 25+ 14.1 34+ 1447 50
TSS 17+ 9.07 13+ 698 10+ 465 12+ 6.07 21 +85 0+128 225
TP 0.188+0.07 | 0.1404£0.007 | 0.011£0.004 | 0.010+0.005 | 0.011£0.001 | 0.007+0.002 <05
NH, 0.424+0.07 0.56+0.1 0.42 +£0.09 0.52+£0.13 028 £0.11 0.28+0.10 0.02-1
NOy | 0.006£0.003 | 0.005£0.003 | 0.016+£0.004 | 0.02+0.006 | 0.007+0.002 | 0.011£0.003 <0.1
NOy 0.300+0.027 | 0.236+0.031 0.1804+0.07 0.174+0.03 0.181+0.021 | 0.176+0.017 0-3
Water quality in culture tank

As shown in Table 2, the water qualities of culture pond of RAS and CAS were in the range of
standard for aquaculture [16], but COD and NH,  were higher than standard. There might be
because of the feeding and waste of fish, However the COD and NH;" of the culture tank were
nearly the same in the two systems. The concentration of Alkalinity, COD and NH, were
significantly (p<0.05) but DO, pH, transpiration depth and turbidity were no sigmficant differences

(p>0.05) between water quality of RAS and CAS.
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Table 2 Water quality n the culture pond of the RAS and CAS

HLR Trans. o Alkalinity ! i
(m“/ System Do TEl']lrfp. pH Depth Turbidity (mg/1 as cob ‘\H4_
m’-d) (mg/1) O (cm) (NTU) CaCO;) (mg/1) | (mg/l)
Std.* =5 27-29 7.5-85 30-60 5-10 10-400 50 0.02-1
CAS 9.37 27.76 7.64 26.89 9.44 341.06 §9.00 1.14
0.32 RAS-FWS 8.19 27.50 7.84 27.95 9.30 375.61 90.18 1.35
RAS-SF 8.88 2711 1.77 26.37 927 369.22 74141 1.05
CAS 8.51 27.54 7.71 3291 8.00 118.59 134.64 1.42
0.64 RAS-FWS 841 2745 8.13 31.55 8.50 131.09 164.73 1.95
RAS-SF 8.50 27.60 822 31.05 856 145.73 171.09 1.30
CAS 8.23 27.83 2.00 32.67 8.67 79.40 95.93 1.26
1.28 RAS-FWS 8.26 27.95 7.92 31.07 9.08 130.60 59.27 112
RAS-SF 8.17 27.18 8.06 3033 10.04 146.47 112.07 0.94

*Standard of water quality for aquaculture

Production and blood analysis of Hybrid Catfish

As shown in the Table 3. the results of weight, length, average daily weight gain (ADG), percentage
weight gain (WG), specific growth rate (SGR) and feed conversion ratio (FCR) of Hybrid Caifish in
ponds shown no significant difference between the RAS and CAS (p=0.05) as shown i Fig.3. At
the end of the study on 45 day of each hydraulic loading rate, the survival rates of Hvbrid Catfish in
the RAS were 98.75-100%. The Hematrocrit (Het) and Hemoglobin (Hb) results of Hybrid Catfish
m CAS and RAS were n the range of literatures [18,19,20,21,22] shown in the Table 4 and there
were no significant differences (p=0.05) among the three hydraulic loading rates, as shown in Fig.4.
The resulls of water quality in culture tank in this study were in the range ol standard [or

aquaculture. These relationships are productivity and health of Hvbrid Catfish.
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Table 3 The results of production of Hybrid Catfish in CAS and RAS

Production

HLR 0.32 m’ m” d" (n=12)

HLR 0.64 m’ m” d™' (n=12)

HLR 1.28 m* m™ d”' (n=12)

CAS RAS-FWS RAS-SF CAS RAS-FWS RAS-SF CAS RAS-FWS RAS-SF
Weigh (g) 23.30=2.41 24.27£2.70 | 22.75+1.72 39.00+2.01 38.84=1.09 | 38.74=2.74 | 23.34£1.15 2197097 | 21.97+1.06
Length (cm) 13.98+1.33 14.03+£1.12 | 14.14£1.18 16.89+0.66 16.86+0.71 | 16.93+0.72 16.154+1.38 15.93+1.10 | 15.83+1.36
ADG (g/d) 0.25+0.06 027+0.05 | 023=+0.05 0.48+£0.53 0.48+0.55 | 048053 | 0.26 £0.03 | 0.25 £0.02 | 0.25 £0.03
Weight gain (%) 100 + 37.65 102+26.12 | 93 +28.85 141 +34.834 | 140+31.39 | 139+28.67 | 106 +13.68 104 +12.87 | 104 + 14.69
SGR (%/d) 1.50+ 0.42 155028 | 144034 1.85+0.31 1.84+£029 [184+£026 | 160 £0.15 158 £0.14 | 1.58 =0.16
FCR 0.72+020 063012 |0.75=0.17 0.54+0.06 055008 | 055009 | 045 £0.05 | 046 =005 | 046 =0.06
Survival rate (%) 100 +£0.00 100 = 0.00 99.25£1.06 100 £ 0.00 100£0.00 | 98.75+1.77 100 =0.00 100+ 0.00 100 +0.00

yee
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CAS 953+1.20 28.88+5.43
0.64 RAS-FWS 11.02+£1.39 33.38+£3.50
RAS-SF 10.65+1.94 33.0445.77
CAS 6.28+1.56 17.70+5.79
1.28 RAS-FWS 6.69+220 21.22+6.57
RAS-SF 8.00+1.25 24,7943 .68
Std.14-39.70 % Bcas
15 o Std 6-11.06 % L] cAs W o
RAS-FWS — :
—— D L 0 - 'Q< mﬂ.-\h—
g“' 1 = /e [ rAS-SF - s08 ¢ _ -
= NE . < 404 - .
= < .: :l - =z i { ml
TTNT =0 INFNTTNT
.:} ' ’( HLR (m/d) b ] i ¢ ¢ £
0 : . 0 ~ T =1 HLR (mid)
032 0.64 1.28 032 0.64 128
a) Hb b) Hct

Fig. 4 The blood analysis (Hb and Hct) of CAS and RAS .

Removal rate constant

Average first-order removal rate constant in the RAS-FWS and RAS-SF during hydraulic loading
rates of 0.32, 0.64 and 1.28 m'/m’-d was determined by substituting mean influent and effluent

concentration of the pollutant into Eq.1. and the solving for kr. The values from this study and

comparative U.S.EPA were summarized in Table 5. For RAS-FWS 0.30. 0.758 and 1.438 d*; for

RAS-SF 0.802, 1.834 and 3406 d'

respectively. RAS-SF Ky values were higher than those of

RAS-FWS. The hydraulic loading that might affect removal rate constant with increased hydraulic
loading rates, removal rate constant with the increase. The results of removal rate constant at
hydraulic loading rates of 0.64 and 1.28 m’/m’-d. where are higher than k; of U.S EPA [15]

Table 5 kr values in RAS-FWS and RAS-SF
HLR (m’/m’-d) Kz (@)
RAS-FWS RAS-SF
032 0.303 0.802
0.64 0.758 1.834
1.28 1.438 3.406
US.EPA 0.747 1.647

*Calculated at temperature 26.87 'C

Constructed wetland area estimation
Eq.2. showed that wetland area required for a recirculating aquaculture system depends on the

removal rate constant,

flow rate, wetland and culture tank depths,

mfluent and effluent

concentration. Among these factors, removal constant 1s the most critical as a design parameter,
since removal rate constant was dependent on hydraulic loading rates and hydraulic loading rates
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Table 4 The results of hematrocrit (Het) and hemoglobin (Hb) of Hybrid Caifish in CAS and RAS

Fig.3 The Hybrid Catfish productions of CAS and RAS

o - Bl cas 20 B cas
[ ras-Fws 15 “ 1 E] RAS-Fws
— U ] - € *
.i: ! o = C ¢ " .
E R O ras-sF 2 1 P M ‘| O rAS-SF
3 A _‘5 p ] K
= W - . T g , ¢ 5
[ 4 = [ {4
N N = OIN N
AN b | . e S
0 el B! HLR (m/d) 0 R | HLR (m/d)
0.32 0.64 1.28 0.32 .64 1.28
a) Weight b) length
06 — B cas 150 ] cas
. ] RAS-FWS < \ : [ RAS-FWS
g 04 - N < 100 R
;4 i _ = ) el
= ) [J RAS-SF & \_\ f % g [ ras-sF
S: 0.2 - > ', .;E‘ 50 ’:':‘ \% i
'\ L ’ ¥ ) '*\., '
i o} = ‘ N
¢ W& - Her (mia) NE i
T T 1 [ H .
0 , , 1 HLR (m/d)
0.32 0.64 1.28
0.32 .64 1.28
¢) ADG d) WG
oy 1 ne
3 - Ecas o8 B cas
RE}
18 4 1.1 FI QI RasFws 05 [ RAS-FWS
E L \ ] L’
< 1 <} ‘ [ Ras-SF E 04 NN A i ; O ras-sF
= i 4 e ‘\ <] w1 B
> 05 K o 0.2 1 Bt
L3 b E B H
<L \ 11, ()_ :I( N
0 HN SN Nk | HLR (m/d) 0 : o Y] HLR(mid)
0.32 0.64 128 032 0.64 1.28
e) SGR f) FCR

sy | et T
Literatures 6-11.09 14—-39.70
CAS 837+1.82 26.58+4.94

0.32 RAS-FWS 995+1.77 29.33+4.33
RAS-SF 917+ 175 28.25+£5.43
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was related to constructed wetlands. The constructed wetland area estimate was shown mn Table 6.
RAS-FWS at hydraulic loading rates of 0.32, 0.64 and 1.28 m*/m’-d were 11.86, 10.00 and 9.71 m".
For RAS-SF. they were 2.00. 1.85 and 1.81 m” respectively. RAS-SF used lower area site than
RAS-FWS. This results with increased hydraulic loading rates, but area for constructed wetland
showed deceased rates. In this study area site at 0.64 and 1.28 m’/m’*-d was lower than that of
U.S.EPA[15]

Table 6 Constructed wetland area estimate for RAS-FWS and RAS-SF

HLR Area (m’)
3 2 results -
(m*/m°-d) RAS-FWS RAS-SF
032 This study 11.86 2.00
o U.S.EPA 6.25 1.26
0.64 This study 10.00 1.85
Rel
U.S.EPA 12.49 252
L8 This study 9.710 1.81
’ U.S.EPA 24.89 5.04

Conclusion

It was concluded that constructed wetlands system could treat wastewater from Hybrid Catfish
cultures under high hydraulic loading rates and reclamation for Hybrid Catfish cultures. The FWS
was good in TKN removal efficiency whereas the SF was a good in TP removal efficiency. And
the constructed wetlands could be operated under high hydraulic loading rates to reclaim water for
Hybrid Catfish cultures.

In general, RAS-FWS and RAS-SF could be helpful to treat the aquaculture, can effectively remove
the major pollutants from the culture tank and provide high water quality and good culture
environment and this wetland unit required no more mechanical facilities and energy input except
the sump pump and water level controller. These results showed that they needed a smaller area site
to treat wastewater from Hybrid Catfish cultures than the oxidation pond.
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