d' o v v &’ d'l ?:, a d
augazaiansivanealeSaluszuuiunyuinszavg

3

o lvaldriau)aglyHRuauanaiuainais

wgantans wluau

a a ¢ o ' < =2 o a v A
InnsinusuiluaumisvesmsanmmurangasilsanIninssumansumacin
a a Q' v
MUIBFIAINIIHAWINGDN
a v S G
unIngnagnalulaggsins

=\ =4
Umsany 2554



MASS BALANCE FOR PHOSPHORUS REM OVAL
IN A SUBSURFACE FLOW CONSTRUCTED

WETLAND USING SHALE ASA SUBSTRATE

Pitiporn M anokhoon

A Thesis Submitted in Partial Fulfillment of the Requirementsfor the
Degree of Master of Engineering in Environmental Engineering
Suranar ee Univer sity of Technology

Academic Year 2011



d

d' o v (% & dll Z a
angasamemsmdareanesaluszvununguingszavg

o8

v lnalddaulaeldduauauiuginas

a o wa v a a d @ yd 1 X
winnenaoma luladgsuis  oydd IMivIneiinusatuiliuaumilsvesmsane

q

amuvangaslsyauriudia

a a 4
AUSNTTUNMTADUINYIUNUD

(WPl A5.9ATN ATIN)

52 F5UNTTUNS

y
(. A5.930 gUIAUIT)

I a a J.
NITUNIT (@1%1381’]1'?’[’1‘]&1']'31’]811!1“1!‘5)

(0. AT.RATINYT OANA)

NITUNTT

(WAL. A9.JYTY FIA3LEDYT)

NITUNIT

a Y 14 J.
(9. A.DAYU IVLIUNTNA)

NITUNII

a a Ao J J o A J.
(1. A3.PNI amﬂmuﬁﬂ) (371, 5.9. AT.NUATT G]f']l!ﬂﬁ%ﬁ']ﬁu)

a J a o w A a 14
ﬁi’]\‘]@‘ﬁﬂ'ﬁﬂaﬁhﬂﬁsﬁ']ﬂ'ﬁ ﬂﬂlﬂaﬁTUﬂ'JG]f'l'Jﬁ'JﬂﬁﬁiJﬁ']ﬁ@ﬁ



rd

. ¥ 4. ¥ a
Yans uludu : auganramomsmvanoavesaluszuiunguinlssavg

a3

uu valdfau Taesldruauauiluginals (MASS BALANCE FOR
PHOSPHORUS REMOVAL IN A SUBSURFACE FLOW CONSTRUCTED
WETLAND USING SHALE AS A SUBSTRATE) 919158 71/5n#1 :

] 4 ay [
H30PNEAS19156 A5.9301 DUSAUDIT, 186 M1,

=2 o w o dy A ac{ a J
ﬂ'liﬁﬂ‘]ﬂ'If'fﬂJ@Jﬁﬂ?ﬁﬁ']ﬁiﬂﬂ']iﬂ'ﬁ]ﬂ?\l’ﬁ]ﬂﬂ@ﬁﬁ"’ll’ENﬁgﬂﬂwuﬂ‘ﬂgNUTﬂi%ﬂEﬁlﬂJﬂ'lﬁﬂ

o a v o

1dHauvedIna i uAUA U tWoAn M Tl deuuastSnaanuduiuivesloanesa

Aﬁl =S %’ a o Jya a ) zil A 901 a PR
luszvuiunguilszavguuulvaldmiau Tasnissiaesszuniunguilszavgnil

Q

a a 33 o o ' 3 @ o 1 1
AuAuaiudgINa 199 ILIu 8 1o Unsdauaznieluaina1ssuiu 6 Ue uazigniadig
a ) a Y 2 9y 9 Y 9 ac{ = [ SR A Yy 9
wilanu 3 wila laun g8 dude uaznapudn uazldindedunnziaainnududuue
WoarWoSanesnulARAuING 5.04 14.98 uaz 28.72 HaANTUADAAT WUNTATIUM ALY
o o A” A %’ a Jd % a A =\ [ A
Woaosanlugaszuudinesinunguindssavuosdinasiuauauieanesaazaun

o P A g & ¥
AINANNIDYAL 68.41-99.71 ﬁzﬁuﬁluwmaﬂaz 4.58-20.27 uaﬂugﬂau q Io8ng 0.14-13.33

Jd @

1 o ¥ { | sol a ol { v
daugaszuudiaesnunguinlssavgvesdanannssauazniwiiloaesadzaundinais

a3

=

Fovaz 50.50-86.02 azauluiwioosay 7.31-18.56 unzlugilon o Sevaz 6.68-29.96 Laz

a A o w o ¥ o %} a 4 o Aa a
dszgAnsnmlumsmvadledvosgasiaesszuniunguiinlszavgvosanasiuauaiu

Aoglusieiovas 74.49-78.92 Mvaroaresatiareglurieiesas 68.73-77.21 uaziiin

fag)}

=

ulimeglusiedovaz 57.49-61.98 @autlszd@ninimnisiivadlodvesyasiaosszuy
Y

=»
Qn

Rl

a J @ =

guinlszanguossnatansaanaznielimeglugicdovas 57.01-6442 mdavloaesa

9

=be
=n.

Uu

Y a ]

1 ' 1 o w <3 ' o
magﬂumwaaaz 54.19-66.26 Llﬁgﬂ'li]ﬂﬁlﬂlﬂullﬂ'IE]QCI,H%’N%}'E]EJE]Z 46.96-48.91 N13UN

o w

oyalililszgnd ¥ lumsesnuuunnnansinsgideyamsmianeanesadlonalnug

U

=
y
9
U
o a a A ° Iq 9 9

AINANNUUAUATULLASNY ﬁ'lll'liﬂu']il'ITJ§$Qﬂﬁcl‘lfclu’ﬂ']iﬁﬁ'lﬂﬁwﬂ']ﬁﬁwﬂﬁ3J'3f1ff']ﬁffllﬂ'lﬁ

! Yy 9 = 9 SO 1w

QC; -QC . = 0.00062Wg + W,k , TagAn k woAude g1 wagngudainumiay

0.0672 0.0533 1A 0.0546 UAANSUADNTUADIN AIUAIAL

1Y 1IAINTIVTUING O MeilproinAnu
=y = A dﬁ o
msnun 2554 Moipr0010156NUTNEN

A A I '
ﬁ']ﬂﬂ@%@@']ﬂ']iﬂﬂ‘]ﬁ%ﬂ‘ﬂ']ﬁ?ﬂ



PITIPORN MANOKHOON : MASS BALANCE FOR PHOSPHORUS
REMOVAL IN A SUBSURFACE FLOW CONSTRUCTED WETLAND

USING SHALE AS A SUBSTRATE. THESIS ADVISOR : ASSPROF.

JAREEYA YIMRATTANABOVORN, Ph.D., 186 PP

CONSTRUCTED WETLAND/ PHOSPHORUS/ SHALE/ MASS BALANEC

The constructed wetlands are considered as a Istv-a@iternative system for
phosphorus (P) removal. Several studies have cdedlthat the substrate plays the
greatest role in P removal. It is not clear how matthe added P is accumulated in
the substrate, assimilated in plants, and trangdrniby microorganisms or
volatilization. The objective of this study was itovestigate the transformation and
elimination processes of P in subsurface flow coies¢éd wetlands (SF) by using
mass balance. The 8 pilot scales of SF construettidnd with shale as substrate and
6 pilot scales of SF constructed wetland with grarel sand as substrate were set.
The reed Phragmites spp.), cattail Typha spp.) and vetiver grag¥etiveria spp.)
were planted in pilot scale units. The synthet&stewater with three different P
concentrations 5.04, 14.98, and 28.#®/L was fed into each operation. The
calculation of P mass balance in shale units haddahat P was accumulated in a
substrate of 70-93%, P was accumulated in planfs2ii% and P was accumulated in
other component of 1-12%. Also P mass balance aveaiisand units had P was
accumulated in a substrate of 50-70%, P was acaietuin plants of 5-15% and P
was accumulated in other components of 11-50%. réhweval efficiencies of shale
units were found in a range of 74.49-78.92% for C®B.73-77.21% for P, and

57.49-61.98 % for TKN. The removal efficiencies grfavel and sand units were



found in range of 57.01-64.42% for COD, 54.19-66026r P, and 46.96-48.91% for

TKN. The results could be applied to a design ot8istructed wetland with shale as

substrate by using mass balance equat@n; -QC =k W +W k and k
in out s s PP

values is 0.00062 mg-gi* and k values are 0.0672 mg-gi* for reed, 0.0533 mg’gd™*

for cattail and 0.0546 mg’gd™ for vetiver grass.
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(Free Water Surface Flow Constructed Wetland, FWS)
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(Free Water Surface Systems : FWS) (Polprasert, 2004)
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a A a
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Woavledmazvinlgnsnnudaney unaleuuazuunilioy (Bagns Tedoan wagame, 2547)
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A ¥ A Aq v = ¥y 2 ' =
W 3 wilanlglunsAnyInsaliod 11993 3-10 (US.EPA., 2000) 910N13ANH VDY Batty and
v 9 Y A a a A Yo 9oj = A TR A A
Younger (2004) WuNdudeiimsnsaudnlnanauiie lasuindeninmiowssaliaiioy
1w = v a a IS) a A o w d‘ S
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1 1w T {
Y9ITTVUTAWNIND 3.5 1A INMIANYIVO9 Orupdld et al. (2000) WUNFINNOBNIY
@ J ' a a a A A A ? a o &
gam ladvzlianumingaudemss gy Invesgaunsd lussuunungninlszavg daiy
[ Y o dy A % a o’dyd 1% 9
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wigay Tavesnsinlglunmsany tazmingAugauvisglumsdesameasdusduazyams
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Tuszuuiunguninlseavg onnanesdilinanegluazmanalgnseveseanesalussuu
= 2 1 = Y Y
M13199 4.4 WANMIANYIAURAY (Mean + SD) YITANILUINADY
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luszuvgadrapsiunguinlssavg

o o ¥ A %} a 4
' o PadoanzuadonyeszuUgasnosiuRgutlzang
ATNIITIUD T
S SP ST SV CP CT (0AY
ORP 60.30 + 71.74 + 6597 + 68.08 + 62.16 = 63.26 + 64.57 £
7.14 7.22 7.04 6.87 6.01 6.14 5.35
- 27.51 27.19 £ 27.44 + 2737 + 2732+ 2745 + 27.38 =
gungl
+1.61 1.38 1.65 1.58 1.55 1.64 1.63
9.25 9.28 9.21 9.04 924 + 9.26 + 9.26 +
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+0.46 +0.43 +0.67 +0.64 0.44 0.54 0.59
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CP = N3IA/MI0 1AL AUTD
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, . thminudunde (niudedy)
1o AIUNY - - -
0-60 Ju 60-120 Y1 120-180 T
A 40.4 79.3 89.2
SP 510 21.5 314 37.8
574 61.9 110.65 127.0
A 46.9 69.55 73.2
cp 510 15.3 31.85 39.95
574 62.2 101.4 113.15
A 40.8 44.7 88.23
ST 510 9.3 29.0 44.23
573 50.1 73.73 132.46
A 30.6 47.7 75.97
CT 510 8.9 31.75 42.37
574 39.6 79.45 118.34
A 27.7 422 52.3
Y 510 15.3 22.9 27.7
574 43.0 65.1 80.0
A 28.8 36.65 56.5
cv 510 16.5 27.35 29.3
574 45.4 64.0 85.8
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43 wamsanmdszansmumsmdadlen Weawesauazlulasiou

. Yo Ay
Tugadraesszuununyguninssavg

lumseinulse@ninmmsmiag Tod Woanoiauaz Tulasaulugasiassszuy
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9

E— ' amududauringh amuiduduthesn
ﬁuﬁ y o Mean (Max-Min) Mean (mg 1" n=30
(mg1") n=90 0-60 U 60-120 7 | 120-180 U
S 75.79 84.77 84.23
SP 67.14 69.84 68.51
ST 320.15 64.26 68.21 69.68
1o sV (285.67-354.63) 777 82.12 80.49
CP 109.83 115.45 115.64
CT 114.27 126.84 120.96
CV 126.97 142.11 143.61
S 8.62 7.28 7.94
SP 8.02 7.36 7.23
ST 18.28 7.17 6.97 6.80
ﬁmgﬁu SV (15.44-21.12) 8.11 6.68 7.69
CP 10.07 8.96 10.03
CT 9.65 8.66 10.45
CV 9.88 8.99 10.33
S 0-60 T | 60-120 Tu | 120-180 3 0.93 3.8 8.08
SP 0.96 2.67 4.45
ST 5.04 14.98 28.72 0.83 2.05 3.77
Weaveia | gv 1.03 3.11 6.77
CP 1.73 5.00 10.05
(4.39- (13.29- (27.0-
CT 1.71 5.09 9.87
cv 6.41) 16.03) 31.75) 1.9 5.32 11.06
neme S = AuAuau
SP = HuAUAM Uaz dude
ST = WudAuaw naz gy
SV = fiuduau uaz nahudn
CP = n35IA/MI0 1AL AU
CT = n3Ia/m5e nay il

CV = n379/M58 naz vighudn

n = UMY
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A = a a o w A = [ o A A g a 4
ANTINN 4.7 Waﬂ’]ﬁﬁﬂ‘]ﬁ"lﬂﬁzﬁﬂﬁﬂ"lWﬂ'ﬁﬂ']‘ﬂﬂ‘])'I@ﬂ “NaﬁﬂaiﬁuazVluimmu1u61;ﬂmaaﬁizuuwum@mﬂizﬂyg
FovazdszanTammsmiauanyveaonld@Inarafiuaua1u ( Mean + SD)
19 S 1jo SP 1jo ST 1o SV
Run Run Run Run
W137985 | Runl | Runll | 11 | AWR@® | Runl | Runll | NI | AWRA8 | Runl | Runll | 0 | AWRA® | Runl | Runll | 01 | ANREE
81.87 75.67 71.88 76.36 81.31 81.77 84.49 82.54 83.63 86 86.88 85.54 79.82 78.82 76.45 78.34
TP +869 | £4.48 | £4.58 +7.34 +537 | £2.72 | £2.53 +3.94 +£562 | £229 | £2.32 +3.89 +6.88 | £ 340 | £3.91 +4.98
76.67 73.27 73.69 74.49 64.44 78.01 78.5 78.51 80.09 78.62 78.15 78.92 75.76 74.19 74.89 74.93
COD +644 | £0.75 | £1.24 | £3.97 +8.15 | £1.30 | £2.17 +3.95 +5.19 | £2.26 | £1.99 +3.47 +525 | £1.20 | £2.22 | £3.31
56.45 58.75 57.19 57.49 56.79 58.34 60.92 58.72 62.25 60.51 63.24 61.98 57.37 62.05 58.39 59.34
TKN +598 | £6.57 | £3.52 | £5.55 +499 | £4.79 | £3.22 +4.67 +£520 | £6.26 | £4.78 +5.53 +6.05 | £2.78 | £3.72 | £4.76
HINYNG - S = AuAuMIY
SP = HuAuMU uaz dude
ST = #udAua az pgid
SV = #AudAua uaz vguen
CP = n3IA/M370 Ay dude
CT = nsamsieuag gilgd
CV = n52a/m3ie uaz vguen
Runl = 5208nauduszul 0-60 Su anusuduleanesaishszunmiiy s faaniunedns
Runll = 520¥NATAUIZUY 60-120 Tu anududueanesaiithszunnidy 15 faansudeans
Run Il =  52o¥nauauszun 120-180 Su anududurlealedafidhszuusiiy 30 fadniunedns
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A = a A o w A 2 [ o dy A ¥ a Jd
MTNNN 4.7 Waﬂ’]ﬁﬁﬂ‘]ﬁ"l‘iJﬁSﬁﬂﬁﬂ"lWﬂ']ﬁﬂ'Wﬂ‘])’I@ﬂ V\l@ﬁi"l@iﬁllaglluiﬁﬁl‘ﬂu11!612@ﬂWﬁ@QigﬂJUWUﬂG]éiJu']ﬂﬁgﬂHﬁ (919)

ZovazlszAninmmsiisauafivvesten 1 Fiana1ensaAnazns e ( Mean uag SD)
niiwes e CP 1o CT 1o CV
Run [ Run II Runlll | Aunde Run [ Run II Runlll | Aunde Run [ Run 11 Runlll | Aunde
65.79 65.89 65.08 65.59 66.01 65.25 65.67 65.63 62.35 63.66 61.57 62.54
" +9.69 +7.27 +6.78 +7.89 +8.63 +6.93 +5.62 +7.06 +12.26 +7.75 +8.51 +9.57
65.82 63.65 63.9 64.42 64.44 60.12 62.03 62.13 61.04 55.12 55.18 57.01
cop +6.88 +1.81 +1.78 +4.13 +8.15 +1.90 +1.38 +5.05 +10.39 +1.01 +1.27 +6.47
47.65 49.04 57.19 48.91 47.51 49.22 60.92 47.51 47.95 50.92 63.24 46.96
TN +5.45 +7.79 +3.55 +7.77 +6.62 +6.07 +3.22 +5.86 +6.06 +8.17 +4.78 +6.19
Memeg : S = fiuAuam
SP = #AuAua tay Aude
ST = WudAuam uaz gund
SV = #AudAua uaz viguedn
CP = NIIAMIW LAZ AUBE
CT = nyamieuaz gnb
CV = n52a/m35e uaz vguedn
Rl = szeznauauszuy 0-60 Su amudududearesafithszunniniy 5 fadnfudedns
Runll = szoziaauszuy 60-120 Su anudutulealesaiidiszuuiiy 15 Gadniunedns
Runlll =  szeznanauszuy 120-180 S anmududuoaesafithszunniiy 30 fiadniudedns
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S 0.029 0.077 0.137
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0.12 B Sme
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0.10
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anndeeaesaayanluileony (mg P plant’')
ik anudutuleanesa s | anuduturearlesa 1s | anududunearesa 30
mg I mg !’ mg !’
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HAZIINHANIIANYIVDY Yousefi Z., and Mohseni (2010) WUNWYUAIUFE
TumsmdaleavlesaluszunAaiiugedovas 3-12 luzdeos Isvloawlauazsasiovay 7.49
Glugﬂﬂaﬁﬂa%’ﬁﬁzwm Tasloaosafiogluzdens Isrloamanazarsisznoumnan
wnaiFouneanla (Ca(Poy, uaz catpo, uzUfiiramsai 1 umseiado g
(Kvarnstrom et al., 2004) Tﬂaﬁcﬂunuuﬁuﬁeﬁuﬁwﬂﬁzﬁy;{hﬂdmimjﬂzﬁmqagﬂmhq 121
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! o w (% a = A a a 9
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4 [ ¥ { %} a 4 A A
15199 4.10 (n) auaavravoseanoialussuunungnihlszavguunlualdnaau

d‘ 9 Y [} 1T @ A Aa o LY
nanunIuoanesamAL 5 Tadnsunoans

(3383L3@1ﬂ13lau331m 60 ﬁ'u)

Woavlesa |  weanedaeen ) . 4

1y ey AInang jlouq
Us | MUsTUU Uy

g g % g % g % g %
S 13.09 231 82.35 0.00 0.00 10.77 99.86 0.02 0.14
SP 13.09 1.98 84.87 1.35 12.16 9.61 86.45 0.15 1.39
ST 13.09 2.02 84.57 1.13 10.24 8.97 80.99 0.97 8.78
SV 13.09 2.95 77.46 0.48 4.58 8.98 86.14 0.97 9.28
(0)% 13.09 5.31 59.43 0.53 7.31 6.20 86.02 0.48 6.68
CT 13.09 4.48 65.78 0.99 11.42 5.91 68.11 1.78 20.47
CP 13.09 3.97 69.67 0.71 8.41 5.87 69.84 1.83 21.74
MM ;S = AuAUAIY

SP = HudAuau Ay Aude

ST = WudAuaw naz gugd

SV = diuduau uaz najudn

CP = n35I9/M510 LA AU

CT = n3Ia/Mm30 uag gy

CV = n319/M510 uag vajudn
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avguuy lnaldraau

d‘ 9 Y [} 1w Aa Aa o LY
nanunIuoanaTaNY 15 Naaniuaoans

(3$8$L’Jﬂ1ﬂ13laui$1}‘ﬂ 120 '311‘!)

veevle¥a | weavleimeen ) . 4

1 ey AInang jiouq
Yo | MAsETUL JEUY

g g % g % g % g %
S 39.95 9.62 75.92 0.00 0.00 28.39 93.59 1.94 6.41
SP 39.95 7.08 82.28 3.52 10.71 25.83 78.60 3.51 10.69
ST 39.95 5.46 86.32 5.64 16.36 26.34 76.38 2.50 7.26
SV 39.95 8.31 79.20 2.95 9.33 27.71 87.59 0.98 3.09
(0)% 39.95 13.70 65.71 2.96 11.29 18.31 69.73 4.98 18.98
CT 39.95 13.23 66.87 4.70 17.59 17.99 67.35 4.02 15.06
CP 39.95 13.02 67.40 2.62 9.73 18.29 67.92 6.02 22.36
MM ;S = AuAUAIY

SP = HudAuau Ay Aude

ST = WudAuaw naz gugd

SV = diuduau uaz najudn

CP = N3IA/M3 1Az Aude

CT = n3Ia/Mm30 uag gy

CV = n379/M38 naz vigun
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avguuy lnaldraau

d‘ 9 Y [} 1w Aa Aa o LY
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Woavlesa |  wemeaeen ) . 4

1 ey AInag PRI
Yo | MsTUU Uy

g g %0 g %o g % g %0
S 75.84 20.75 72.64 0.00 0.00 50.61 91.87 4.48 8.13
SP 75.84 11.35 85.03 11.49 17.82 47.19 73.17 5.81 9.01
ST 75.84 9.65 87.27 12.09 18.26 45.28 68.41 8.82 13.33
SV 75.84 17.51 76.91 12.09 20.72 45.80 78.51 0.45 0.77
CV 75.84 28.08 62.97 6.44 13.49 27.00 56.55 14.31 29.96
CT 75.84 25.23 66.74 8.08 15.97 2991 59.09 12.62 24.94
CP 75.84 24.63 67.52 9.50 18.56 2791 54.50 13.79 26.94
MM ;S = AuAUAIY

SP = HudAuau Ay Aude

ST = WudAuaw naz gugd

SV = diuduau uaz najudn

CP = N3IA/M3 1Az Aude

CT = n3Ia/Mm30 uag gy

CV = n379/M38 naz vigun
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510 4.13 BunaeaeFanazavluszuvluszunnilgndude

TasAInaariuAYAIY (U0 SP) LazAINaaNIIALAZNI1Y (1B CP)
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il 180 S0 wuh3evazlsmarearesaiiaz aulufinariisinaananin 120 fu
wazilon suieniSunadesazoaiosafiazanludananiudunniidgaiiauas lidgnis
wundesaziSinamsazavioaresaludinariinmslgnilallSinadesniianaiely
Ugniiy iesnnfiadidinsaslunsauemeanesalUlFunsnsapdn TnTeihldseuud
Ugnfisiiszansmmlumsiisarloalesalasauganiniof itgnits uazdouazlsum
Woelefavesiufuanlutedgnitrezidianasiosnilutefuduaui ligaiasuans
Tdunemsldauvesieiuduafilgnitvsiuniveiuduauilidgndiy vl
aANI9AAYU (Clogging) Gumﬁzuuﬁi”uﬁsﬁuﬁmszﬁyj wansany S oufivuSunavoanedd
fazanludnarsfivfumusudanarinsanaznie wuhdananivauauilsne

WoaWoiaazaugandnaINa1ensIauazNI1e 1.5 191 Hamsany s iuauaIull
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9
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De

9 dy A ¥ a 4 (R =
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AOANADINVHANITANYIVDI BNT1 A1 I5A (2550); Drizo (1998; 1999; 2000) HI1IN1TANY
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neuazAudazionsmslFauseuna 2-5 3 (Zhu et al, 1997; Vaymazal et al., 1998) A3
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% a o 1 1 ¥ 4 ’.! a o I 1 1
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Time (hr), ti A NaCl (mg/L), Ci | C/Co=Ci | cil\d ticil\d ti2cil\ti
0.0 0.0 419.74 0.1 0.0 0.0 0.0
2.0 2.0 639.74 0.2 0.3 0.6 1.2
4.0 2.0 876.33 0.2 0.4 1.7 6.7
6.0 2.0 1,159.87 0.3 0.6 33 19.9
8.0 2.0 1,709.47 0.4 0.8 6.5 52.1
10.0 2.0 2,339.16 0.6 1.1 1.1 111.4
12.0 2.0 2,838.99 0.7 1.4 16.2 194.7
14.0 2.0 3,258.93 0.8 1.6 217 304.3
16.0 2.0 3,598.88 0.9 1.7 27.4 438.9
18.0 2.0 3,648.85 0.9 1.7 313 563.1
20.0 2.0 3,598.85 0.9 1.7 343 685.7
22,0 2.0 3,359.05 0.8 1.6 35.2 7744
24.0 2.0 3,039.34 0.7 1.4 34.7 833.9
26.0 2.0 2,619.49 0.6 1.2 324 843.5
28.0 2.0 2,219.57 0.5 1.1 29.6 828.9
30.0 2.0 1,917.63 0.5 0.9 27.4 822.1
32.0 2.0 1,619.63 0.4 0.8 24.7 790.0
34.0 2.0 1,313.55 0.3 0.6 213 7233
36.0 2.0 1,173.11 0.3 0.6 20.1 724.2
38.0 2.0 1,002.10 0.2 0.5 18.1 689.3
40.0 2.0 903.13 0.2 0.4 17.2 688.3
42.0 2.0 892.55 0.2 0.4 17.9 750.0
45.0 3.0 794.21 0.2 0.6 25.5 1149.1
48.0 3.0 751.56 0.2 0.5 25.8 1237.2
51.0 3.0 707.11 0.2 0.5 25.8 1314.1
54.0 3.0 682.11 0.2 0.5 26.3 1421.2
57.0 3.0 568.22 0.1 0.4 23.1 1319.1
60.0 3.0 442.55 0.1 0.3 19.0 1138.3
63.0 3.0 403.12 0.1 0.3 18.1 1143.2
66.0 3.0 374.11 0.1 0.3 17.6 1164.4
69.0 3.0 301.22 0.1 0.2 14.9 1024.7

sum 24.42 629.04 653.46
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Time (hr), ti A NaCl (mg/L), Ci | C/Co=Ci cil\i ticil\d ti2cil\ti
0.0 0.0 391.74 0.1 0.0 0.0 0.0
2.0 2.0 739.74 0.2 0.4 0.7 1.4
4.0 2.0 959.87 0.2 0.9 3.7 14.6
6.0 2.0 1,709.47 0.4 2.4 14.7 87.9
8.0 2.0 2,539.16 0.6 4.8 38.7 309.6
10.0 2.0 3,238.99 0.8 7.7 77.1 7714
12.0 2.0 3,458.93 0.8 9.9 118.6 1423.5
14.0 2.0 3,598.88 0.9 12.0 168.0 2352.0
16.0 2.0 3,648.85 0.9 13.9 2225 3559.6
18.0 2.0 3,398.85 0.8 14.6 262.3 4721.0
20.0 2.0 3,059.05 0.7 14.6 2914 5828.6
22,0 2.0 2,714.34 0.6 14.2 312.9 6883.6
24.0 2.0 2,239.49 0.5 12.8 307.2 73734
26.0 2.0 2,099.57 0.5 13.0 338.0 8788.9
28.0 2.0 1,893.63 0.5 12,6 353.6 9900.5
30.0 2.0 1,649.63 0.4 11.8 353.6 10608.1
32.0 2.0 1,519.67 0.4 11.6 370.6 11860.0
34.0 2.0 1,045.33 0.2 8.5 287.8 9785.3
36.0 2.0 924.76 0.2 7.9 2854 10276.0
38.0 2.0 833.22 0.2 75 286.6 10889.2
40.0 2.0 732.11 0.2 7.0 279.0 11159.4
42.0 2.0 674.32 0.2 6.7 283.3 11898.7
45.0 3.0 601.33 0.1 6.4 290.0 13050.8
48.0 3.0 553.22 0.1 6.3 303.6 14571.6
51.0 3.0 485.11 0.1 5.9 300.5 15326.3
54.0 3.0 423.80 0.1 55 294.3 15893.8
57.0 3.0 410.11 0.1 5.6 317.3 18088.9
60.0 3.0 375.33 0.1 5.4 321.8 19308.7
63.0 3.0 301.23 0.1 45 284.8 17939.3
66.0 3.0 298.45 0.1 4.7 309.6 20435.7
69.0 3.0 250.44 0.1 4.1 284.0 19594.6

sum 24324 7361.71 7604.95
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Time (hr), ti A NaCl (mg/L), Ci | C/Co=Ci cil\i ticil\d ti2cil\ti
0.0 0.0 501.74 0.1 0.0 0.0 0.0
2.0 2.0 829.40 0.2 0.4 0.8 1.6
4.0 2.0 1,249.64 0.3 1.2 4.8 19.0
6.0 2.0 1,416.44 0.3 2.0 12.1 72.9
8.0 2.0 1,649.49 0.4 3.1 25.1 201.1
10.0 2.0 2,209.31 0.5 53 52,6 526.2
12.0 2.0 2,980.73 0.7 8.5 102.2 1226.7
14.0 2.0 3,389.46 0.8 11.3 158.2 215.1
16.0 2.0 3,588.84 0.9 13.7 218.8 3501.1
18.0 2.0 3,768.28 0.9 16.2 290.8 5234.2
20.0 2.0 3,848.04 0.9 18.3 366.6 7331.9
22,0 2.0 3,682.04 0.9 19.3 424.4 9337.8
24.0 2.0 3,270.77 0.8 18.7 448.7 10768.9
26.0 2.0 2,983.83 0.7 18.5 480.4 12490.5
28.0 2.0 2,575.11 0.6 17.2 480.8 13463.4
30.0 2.0 2,039.58 0.5 14.6 437.2 13115.7
32.0 2.0 1,719.63 0.4 13.1 419.4 13420.6
34.0 2.0 1,319.65 0.3 10.7 363.3 123533
36.0 2.0 1,109.69 03 9.5 3425 12330.9
38.0 2.0 1,083.22 0.3 9.8 372.5 14156.4
40.0 2.0 892.11 0.2 8.5 340.0 13598.3
42.0 2.0 734.32 0.2 73 308.5 12957.4
45.0 3.0 692.00 0.2 7.4 3337 15018.6
48.0 3.0 643.22 0.2 7.4 353.0 16942.2
51.0 3.0 586.22 0.1 7.1 363.2 18520.7
54.0 3.0 532.11 0.1 6.8 369.6 19955.8
57.0 3.0 446.34 0.1 6.1 3454 19686.9
60.0 3.0 398.98 0.1 5.7 342.1 20525.4
63.0 3.0 351.23 0.1 53 332.0 20917.0
66.0 3.0 308.55 0.1 4.9 320.1 211273
69.0 3.0 283.24 0.1 4.7 3212 22160.9

sum 282.43 8730.13 9012.56
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Time (hr), ti A NaCl (mg/L), Ci | C/Co=Ci cil\i ticil\d ti2cil\ti
0.0 0.0 381.74 0.1 0.0 0.0 0.0
2.0 2.0 729.40 0.2 0.3 0.7 1.4
4.0 2.0 919.69 0.2 0.9 3.5 14.0
6.0 2.0 1,325.66 0.3 1.9 11.4 68.2
8.0 2.0 1,695.65 0.4 32 25.8 206.8
10.0 2.0 2,259.57 0.5 5.4 53.8 538.2
12.0 2.0 2,639.37 0.6 75 90.5 1086.3
14.0 2.0 3,208.98 0.8 11.0 154.0 2156.0
16.0 2.0 3,548.86 0.8 13.5 2164 3462.1
18.0 2.0 3,368.88 0.8 14.4 260.0 4679.4
20.0 2.0 3,119.06 0.7 14.9 297.1 5942.9
22,0 2.0 2,689.32 0.6 14.1 310.0 6820.2
24.0 2.0 2,389.56 0.6 13.7 3278 7867.5
26.0 2.0 2,029.62 0.5 12,6 326.8 8496.1
28.0 2.0 1,529.63 0.4 10.2 285.6 7997.4
30.0 2.0 1,379.69 0.3 9.9 295.7 8872.2
32.0 2.0 1,109.65 03 8.5 270.6 8660.1
34.0 2.0 919.69 0.2 7.4 2532 8609.2
36.0 2.0 832.22 0.2 7.1 256.9 9247.7
38.0 2.0 752.11 0.2 6.8 258.7 9829.2
40.0 2.0 674.32 0.2 6.4 257.0 10278.6
42.0 2.0 592.00 0.1 5.9 248.7 10446.1
45.0 3.0 533.22 0.1 5.7 2572 11572.6
48.0 3.0 476.22 0.1 5.4 261.3 12543.5
51.0 3.0 422.11 0.1 5.1 261.5 13335.9
54.0 3.0 406.34 0.1 5.2 2822 15239.0
57.0 3.0 380.98 0.1 5.2 294.8 16804.0
60.0 3.0 331.23 0.1 47 284.0 17040.0
63.0 3.0 313.55 0.1 4.7 296.4 18673.0
66.0 3.0 303.24 0.1 4.8 314.6 20763.7
69.0 3.0 301.34 0.1 5.0 341.7 23577.1

sum 22151 6797.95 7019.46
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Time (hr), ti A NaCl (mg/L), Ci | C/Co=Ci cil\i ticil\d i’cil\d
0.0 0.0 549.72 0.131 0.000 0.000 0.000
4.0 4.0 809.75 0.193 0.771 3.086 12343
8.0 4.0 849.74 0.202 0.810 6.476 51.810
12.0 4.0 969.69 0.231 0.924 11.086 133.028
16.0 4.0 1,189.63 0.283 1.133 18.133 290.134
20.0 4.0 1,619.49 0.386 1.543 30.857 617.141
23.0 3.0 2,159.33 0.514 1.543 35.486 816.173
26.0 3.0 2,989.07 0.712 2.136 55.529 1443.744
29.0 3.0 3,298.97 0.786 2357 68.357 1982.357
30.5 1.5 3,418.93 0.814 1.221 37.254 1136.233
33.0 1.5 3,048.93 0.726 1.089 35.945 1186.186
34.5 1.5 2529.09 0.602 0.904 31172 1075.424
36.0 3.0 2099.29 0.500 1.500 53.999 1943.949
37.5 3.0 1669.39 0.398 1.193 44.730 1677.366
40.5 3.0 1359.52 0.324 0.971 39.341 1593.320
435 3.0 1059.58 0.252 0.757 32.933 1432.583
46.5 4.0 930.3 0.222 0.886 41212 1916.351
50.5 4.0 829.44 0.198 0.790 39.905 2015.180
54.5 4.0 697.23 0.166 0.664 36.201 1972.946
58.5 4.0 578.36 0.138 0.551 32.233 1885.629
62.5 4.0 449.11 0.107 0.428 26.741 1671.317
66.5 4.0 402.55 0.096 0.384 25.503 1695.935
70.5 4.0 390.44 0.093 0.372 26.223 1848.752
74.5 4.0 330.51 0.079 0.315 23.458 1747.605
78.5 4.0 290.1 0.069 0.276 21.695 1703.073
82.5 4.0 256.56 0.069 0.276 22.801 1881.056

sum 23.79 800.35 824.15
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Time (hr), ti A NaCl (mg/L), Ci | C/Co=Ci cil\i ticil\d ti2cil\ti
0.0 0.0 494.72 0.118 0.000 0.000 0.000
4.0 4.0 753.88 0.180 0.718 2.873 11.491
8.0 4.0 900.43 0214 0.858 6.863 54.900
12.0 4.0 999.11 0.238 0.952 11.422 137.064
16.0 4.0 1,149.63 0.274 1.095 17.524 280.378
20.0 4.0 1,539.49 0.367 1.467 29.333 586.655
23.0 3.0 2,259.33 0.538 1.614 37.129 853.970
26.0 3.0 3,189.57 0.760 2279 59.253 1540.587
29.0 3.0 3,448.97 0.821 2.464 71.465 2072.492
30.5 1.5 3,655.93 0.871 1306 39.836 1214.996
33.0 1.5 3,643.99 0.868 1302 42.960 1417.694
34.5 15 3523.09 0.839 1.259 43.423 1498.095
36.0 3.0 3219.29 0.767 2.300 82.808 2981.073
37.5 3.0 2897.66 0.690 2.070 77.640 2911.504
40.5 3.0 2534.09 0.604 1.811 73.330 2969.884
435 3.0 2259.58 0.538 1.614 70.230 3055.017
46.5 4.0 1993.67 0.475 1.899 88.319 4106.817
50.5 4.0 1594.33 0.380 1519 76.704 3873.532
54.5 4.0 1300.11 0.310 1.239 67.503 3678.911
58.5 4.0 102378 0.244 0.975 57.057 3337.833
62.5 4.0 859.43 0.205 0.819 51.173 3198.282
66.5 4.0 641.11 0.153 0.611 40.616 2700.984
70.5 4.0 552.55 0.132 0.526 37.111 2616.351
74.5 4.0 490.44 0.117 0.467 34.809 2593.251
78.5 4.0 430.51 0.103 0.410 32.196 2527.369
82.5 4.0 390.1 0.093 0372 30.660 2529.473

sum 31.95 1182.24 1214.18
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Time (hr), ti A NaCl (mg/L), Ci | C/Co=Ci cil\i ticil\d ti2cil\ti
0.0 0.0 551.72 0.131 0.000 0.000 0.000
4.0 4.0 600.75 0.143 0.572 2.289 9.157
8.0 4.0 792.34 0.189 0.755 6.039 48.310
12.0 4.0 982.34 0.234 0.936 11.230 134.763
16.0 4.0 1,298.22 0.309 1.237 19.789 316.617
20.0 4.0 1,599.11 0.381 1.523 30.469 609.375
23.0 3.0 2,234.90 0.532 1.597 36.728 844.736
26.0 3.0 2,819.67 0.672 2.015 52.382 1361.923
29.0 3.0 3,386.27 0.807 2.420 70.166 2034.815
30.5 1.5 3,628.03 0.864 1.296 39.532 1205.724
33.0 1.5 3,508.13 0.836 1.253 41.359 1364.838
34.5 15 3129.11 0.745 1.118 38.567 1330.566
36.0 3.0 2609.88 0.622 1.865 67.132 2416.757
37.5 3.0 2198.19 0.524 1571 58.898 2208.692
40.5 3.0 1779.25 0.424 1271 51.487 2085.232
435 3.0 1419.48 0.338 1.014 44.119 1919.178
46.5 4.0 1104.54 0.263 1.052 48.931 2275.273
50.5 4.0 94233 0.224 0.898 45336 2289.454
54.5 4.0 792.49 0.189 0.755 41.147 2242.503
58.5 4.0 667.13 0.159 0.636 37.180 2175.046
62.5 4.0 588.66 0.140 0.561 35.050 2190.639
66.5 4.0 509.31 0.121 0.485 32.266 2145713
70.5 4.0 412.35 0.098 0.393 27.695 1952.497
74.5 4.0 366.34 0.087 0.349 26.001 1937.060
78.5 4.0 300.11 0.071 0.286 22.444 1761.838
82.5 4.0 244.99 0.058 0.233 19.255 1588.556

sum 26.09 905.49 931.58
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Day SP ST SV Cp CT Ccv
0 30 30 30 30 30 30
7 355 40.5 36.5 41 425 36
14 41.5 525 48 52 54.5 46.5
21 56 68 55.5 61 67.5 555
28 64 81.5 60.5 70 84 61
35 79 94 74.5 82 96 70.5
42 92 117.5 83 97.5 127.5 82
49 120 1325 98.5 120 139.5 96
56 1335 153.5 107.5 139 158 112.5
63 30 30 30 30 30 30
70 41 41 39.5 39 44.5 38.5
77 53 53.5 48 50.5 59 47.5
84 64.5 65 59 60.5 69.5 55.5
91 75.5 80.5 71 69.5 86.5 64
98 90 93 83 81.5 97 71.5

105 106 114.5 106 116.5 119 91.5

112 128.5 1335 118.5 136 140 116.5

119 30 30 30 30 30 30

126 42 40.5 38.5 42 435 435

133 56 50.5 49.5 525 585 50.5

140 64.5 61.5 59.5 64 69 59.5

147 77 72.5 69.5 80 82 60.5

154 89 80.5 82 90 94 70.5

161 105.5 94.5 91 100 118.5 78

168 129.5 115.5 109 124 139 97

175 140.5 127 120.5 138 149 111.5

182 162.5 150.5 127 152 159.5 119

vneme) - ludui o 63 uaz 19 himadaiisldianmugs 30 sudmasnowaus oy
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an o WU, U (g) U, aa (g) % water content
18eu | mifledu s | 1ddu | wiledu sw | 1deu | wmiledu | 57w
= SP1/1 22.24 42.36 64.6 88.59 123.62 212.21 74.9 65.73 69.56
g SP1/2 23.64 46.14 69.78 123.62 159.83 283.45 80.88 71.13 75.38
z% Lﬂa'ﬂ 22.94 44.25 67.19 106.11 141.73 247.83 78.38 68.78 72.89
§ SP2/1 18.61 38.94 57.55 43.54 153.1 196.64 57.26 74.57 70.73
:§ SP2/2 21.65 34.02 55.67 41.74 163.61 205.35 48.13 79.21 72.89
= Lﬂa'ﬂ 20.13 36.48 56.61 42.64 158.36 201 52.79 76.96 71.84
- CP1/1 12.97 22.89 35.86 60.05 110.85 170.9 78.4 79.35 79.02
% CP1/2 18.17 58.12 76.29 121.58 281.45 403.03 85.06 79.35 81.07
g Lﬂa'ﬂ 15.57 40.51 56.08 90.82 196.15 286.97 82.86 79.35 80.46
E CP2/1 16.11 43.99 60.1 50.68 138.41 189.09 68.22 68.22 68.22
a§ CP2/2 13.99 62.75 76.74 53.75 287.6 341.35 73.97 78.18 77.52
e Lﬂa'ﬂ 15.05 53.37 68.42 52.22 213.01 265.22 71.18 74.94 74.2
= ST1/1 11.8 37.48 49.28 68.85 339.22 408.07 82.86 88.95 87.92
% ST1/2 8.29 37.28 45.57 194.3 120.6 314.9 95.73 69.09 85.53
z% Lﬂéﬂ 10.05 37.38 47.43 131.58 229.91 361.49 92.37 83.74 86.88
a:c'z ST2/1 8.53 41.28 49.81 63.63 216.52 280.15 86.59 80.93 82.22
E ST2/2 8.63 47.26 55.89 68.58 297.54 366.12 87.42 84.12 84.73
= Lﬂéﬂ 8.58 4427 52.85 66.11 257.03 323.14 87.02 82.78 83.64
D CT1/1 10.47 26.22 36.69 70.82 218.45 289.27 85.22 88 87.32
§ CT1/2 8.72 41.15 49.87 57.8 272.89 330.69 84.91 84.92 84.92
g lﬂéﬂ 9.6 33.69 43.28 64.31 245.67 309.98 85.08 86.29 86.04
E CT2/1 7.32 25.45 32.77 62.17 184.31 246.48 88.23 86.19 86.7
E CT2/2 7.28 29.77 37.05 91.5 201.39 292.89 92.04 85.22 87.35
= Lﬂéﬂ 7.3 27.61 3491 76.84 192.85 269.69 90.5 85.68 87.06
SV1/1 16.2 30.89 47.09 63.37 133.09 196.46 74.44 76.79 76.03
g SV1/2 14.4 26.31 40.71 67.63 97.05 164.68 78.71 72.89 75.28
z% Lﬂa'ﬂ 15.3 28.6 439 65.5 115.07 180.57 76.64 75.15 75.69
% SV2/1 17.33 29.29 46.62 41.52 85.09 126.61 58.26 65.58 63.18
ag“ SV2/2 22.24 24.25 46.49 72.42 59.12 131.54 69.29 58.98 64.66
Lﬂa'ﬂ 19.79 26.77 46.56 56.97 72.11 129.08 65.27 62.87 63.93
E CV1/1 18.11 35.89 54 107.07 198.93 306 83.09 81.96 82.35
§ CV12 16.02 36.74 52.76 117.8 94.34 212.14 86.4 61.06 75.13
g Lﬂa'ﬂ 17.07 36.32 53.38 112.44 146.64 259.07 84.82 75.23 79.4
E CV2/1 11.7 11.7 23.4 40.91 66.36 107.27 71.4 82.37 78.19
azg CV2/2 20.2 31.04 51.24 151.98 156.21 308.19 86.71 80.13 83.37
ga Lﬂa'ﬂ 15.95 21.37 37.32 96.45 111.29 207.73 83.46 80.8 82.03
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. oy U, 1973 (2) w4, 49 (g) % water content
s Ho/th
18eu | miledu | 37w 18au | midledu | 5w T8au | wiledu | 57w
SP1/1 30.4 72.8 103.1 93.5 178.6 272.1 67.5 59.3 62.1
g SP1/2 358 83.4 119.1 130.8 165.9 296.7 72.6 49.8 59.8
Zg Lﬂa'ﬂ 33.1 78.1 111.1 112.1 172.3 284.4 70.5 54.7 60.9
§ SP2/1 31.2 86.9 118.2 95 184.4 279.4 67.1 52.8 57.7
:§ SP2/2 28.2 74 102.3 78.4 163.4 241.8 64 54.7 57.7
Lﬂa'ﬂ 29.7 80.5 110.2 86.7 173.9 260.6 65.7 53.7 57.7
- CP1/1 27.6 66.8 94.3 86.4 119.5 206 68.1 441 54.2
é CP1/2 32.5 70.8 103.2 97.4 125.4 222.7 66.7 43.5 53.6
g Lﬂa'ﬂ 30 68.8 98.8 91.9 122.5 214.3 67.3 43.8 53.9
g CP2/1 32.3 68.4 100.7 92.6 127.6 220.3 65.1 46.4 54.3
:§ CP2/2 35 72.2 107.3 80.5 153.5 234 56.5 52.9 54.2
= Lﬂa'ﬂ 33.7 70.3 104 86.6 140.6 227.1 61.1 50 54.2
- ST1/1 29.7 42.4 72 165.9 250.3 416.1 82.1 83.1 82.7
% ST1/2 32.7 449 77.6 159.4 279.4 438.8 79.5 83.9 82.3
:g Lﬂéﬂ 31.2 43.7 74.8 162.7 264.8 4217.5 80.8 83.5 82.5
3_92 ST2/1 29.4 46.4 75.7 176.4 255.3 431.7 83.3 81.8 82.5
E ST2/2 24.3 45 69.3 169.5 260.1 429.6 85.7 82.7 83.9
= Lﬂéﬂ 26.8 45.7 72.5 173 257.7 430.6 84.5 82.3 83.2
) CT1/1 31.1 47.7 78.8 79.8 238.5 318.3 61.1 80 75.3
% CT1/2 29 47.7 76.7 61.5 288.4 349.8 52.8 83.5 78.1
§ lﬂéﬂ 30 47.7 77.7 70.6 263.4 334 57.5 81.9 76.7
€ CT2/1 37.7 50.7 88.3 75.8 200.5 276.3 50.3 74.7 68
E CT2/2 29.3 44.6 73.9 93.8 214.4 308.1 68.8 79.2 76
= lﬂéﬂ 33.5 47.6 81.1 84.8 207.4 292.2 60.5 77 72.2
= SV1/1 22.3 41.6 63.9 88.9 143.9 232.8 74.9 71.1 72.6
q% Sv1/2 26.3 46.7 73 96.8 162.8 259.6 72.8 71.3 71.9
qg Lﬂa'ﬂ 24.3 441 68.4 92.9 153.3 246.2 73.8 71.2 72.2
% SV2/1 18.7 41.6 60.2 68.7 75.4 144 72.8 449 58.2
azga Sv2/2 24.4 39 63.3 86 141.5 227.5 71.7 72.5 72.2
= Lﬂa'ﬂ 21.5 40.3 61.8 77.3 108.4 185.7 72.2 62.9 66.8
) Cvin 26.1 36.8 62.9 110 208 318 76.3 82.3 80.2
;s: CV1/2 253 33.3 58.6 167.8 154.3 322.1 84.9 78.4 81.8
% Lﬂa'ﬂ 25.7 35.1 60.8 138.9 181.2 320.1 81.5 80.6 81
g Ccv2/1 32.3 40.7 73 133.9 170.4 304.3 75.9 76.1 76
E’ CV2/2 25.7 35.7 61.3 160 160.3 320.3 83.9 77.8 80.9
= Lﬂa'ﬂ 29 38.2 67.2 147 165.3 312.3 80.3 76.9 78.5
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. oy U, 1973 (2) . 4a (g) % water content
Wiy | desh
Idau | wmiledu ERYY Rau | miledu sw | 1dau | miledu | 50w
SP1/1 39.2 83.5 122.7 85.5 142.6 228.1 54.2 41.4 46.2
g SP1/2 40.3 96.4 136.7 72.3 180.1 252.4 442 46.5 45.9
:g Lﬂa'ﬂ 39.7 89.9 129.7 78.9 161.4 240.3 49.6 44.3 46
§ SP2/1 352 92.9 128.2 80.9 192.4 273.3 56.5 51.7 53.1
:§ SP2/2 37.3 84 121.4 93.5 189.5 282.9 60.1 55.7 57.1
B Lﬂa'ﬂ 36.3 88.5 124.8 87.2 190.9 278.1 58.4 53.7 55.1
- CP1/1 38.6 66.4 104.9 80.3 194 274.3 52 65.8 61.8
é CP1/2 40.3 73.9 114.1 105 210 315 61.7 64.8 63.8
§ Lﬂa'ﬂ 394 70.1 109.5 92.7 202 294.7 57.5 65.3 62.8
g CP2/1 37.1 87.4 124.5 76 187 263 51.1 53.3 52.7
ag CP2/2 40.5 65.1 105.6 95 204 299 57.4 68.1 64.7
= Lﬂa'ﬂ 38.8 76.2 115 85.5 195.5 281 54.6 61 59.1
= ST1/1 40.26 87.33 127.59 188 295 483 78.59 70.4 40.26
qg ST1/2 39.36 85.61 124.97 194 325 519 79.71 73.66 39.36
qg lﬂéﬂ 39.81 86.47 126.28 191 310 501 79.16 72.11 39.81
?:G.: ST2/1 44.36 93.54 137.9 200 302 502 77.82 69.03 44.36
2 ST2/2 39.14 86.45 125.59 182 289 471 78.49 70.09 39.14
= Lﬂéﬂ 41.75 90 131.75 191 295.5 486.5 78.14 69.54 41.75
) CT1/1 42.8 72.3 115.1 157 275 432 84.2 82.8 83.3
;S: CT1/2 40.33 75.4 115.73 133 284 417 80.5 80.4 80.4
g Lﬂéﬂ 41.55 73.85 115.42 145 279.5 424.5 82.5 81.6 81.9
g CT2/1 42.3 75.8 118.1 169 298 467 84.1 82.7 83.2
E CT2/2 441 80.4 124.5 195 307 502 85.2 83.4 84.1
= Lﬂéﬂ 432 78.1 121.3 182 302.5 484.5 84.7 83 83.6
= SV1/1 25.7 473 73 153.9 185.4 339.3 83.3 86.1 78.5
qg Sv1/2 32.5 51.4 83.9 165.3 192.1 357.4 80.3 83.1 76.5
“g Lﬂa'ﬂ 29.1 54.3 83.5 159.6 188.8 348.4 81.7 84.6 76
% SV2/1 24.4 53.2 77.6 156.5 123.4 279.9 84.4 80.3 72.3
azgp Sv2/2 28.2 47.4 75.6 168.1 114 282.1 83.2 75.2 73.2
= Lﬂa'ﬂ 26.3 50.3 76.6 162.3 118.7 281 83.8 779 72.7
2 CVvin 30.6 54.5 85.1 125 194 319 75.6 71.9 73.3
;l: CV1/2 32.6 58.7 91.2 159 167 326 79.5 64.9 72
g Lﬂa'ﬂ 31.6 56.6 88.1 142 180.5 322.5 77.8 68.7 72.7
E Ccv2/1 25.5 51.5 77 158 184 342 83.8 72 77.5
azg CV2/2 28.5 61.3 89.9 173 216 389 83.5 71.6 76.9
g Lﬂa'ﬂ 27 56.4 83.4 165.5 200 365.5 83.7 71.8 77.2
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J v 1 Aq Y
peAsznou Yy Al
nglaa mg/l 282.1
S A %
nunilBeug e mg/l 28.02
=~ J
uaaFeunao 150 mg/l 0.06
4
wonluillounan lsa mg/l 48-54.6
la'lalasnuroaia mg/l 22-131.7
oA 4
wlossnnanlsa mg/l 0.06
Jd o
apduloswaia mg/l 0.012
4
uuamilanae lsa mg/l 0.012
Jd 4
Tnuoaanao lsa mg/l 0.012
a Jdo
Faayama mg/l 0.03
= a
wou Tudlon Tudumen mg/l 0.012
A15199 .2 HANINATOUNINEDA One Way ANOVA ¥99U52aNTAIN
msmianoaWosduoIAazTINTLELIAINMTIAUTL LY
Test of Homogeneity of Variances
Levene Statistic df1 df2 Sig.
S 16.923 2 95 0
SP 12.367 2 95 0
ST 5.206 2 95 0.007
sV 5.328 2 95 0.006
CT 0.811 2 95 0.448
cv 2378 2 95 0.098
Ccp 3.575 2 95 0.032
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ANOVA
Sum of Squares df Mean Square F Sig.
Between Groups 1622.187 2 811.093 21.414 0
S Within Groups 3598.281 95 37.877
Total 5220.467 97
Between Groups 192.608 2 96.304 6.961 0.002
SP Within Groups 1314.279 95 13.835
Total 1506.888 97
Between Groups 179.103 2 89.552 6.565 0.002
ST Within Groups 1295.838 95 13.64
Total 1474.941 97
Between Groups 194.245 2 97.122 4.174 0.018
SV | Within Groups 2210.494 95 23.268
Total 2404.739 97
Between Groups 9.444 2 4.722 0.093 0.911
CT | Within Groups 4827.751 95 50.818
Total 4837.195 97
Between Groups 75.402 2 37.701 0.407 0.667
CV | Within Groups 8808.358 95 92.72
Total 8883.76 97
Between Groups 13.213 2 6.606 0.104 0.901
CP | Within Groups 6034.028 95 63.516
Total 6047.241 97
Robust Tests of Equality of Means
Statistic” dfl df2 Sig.
S Welch 17.425 2 58.79 0
SP Welch 10.627 2 58.395 0
ST Welch 4.699 2 57.47 0.013
SV Welch 4.684 2 58.647 0.013
CT Welch 0.08 2 60.732 0.923
(0\% Welch 0.562 2 60.278 0.573
CP Welch 0.127 2 61.188 0.881
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Asymptotically F distributed.

Multiple Comparisons
LSD
Mean
Dependent 95% Confidence Interval
(I) run (J) run Difference Std. Error Sig.
Variable
(1-)) Lower Bound | Upper Bound
2 6.20634 1.52835 0 3.1722 9.2405
1
3 9.99751 1.53935 0 6.9415 13.0535
1 -6.20634° 1.52835 0 -9.2405 -3.1722
S 2
3 3.79117 1.50393 0.013 0.8055 6.7768
1 -9.99751° 1.53935 0 -13.0535 -6.9415
3
2 -3.79117 1.50393 0.013 -6.7768 -0.8055
2 -0.46635 0.92367 0.615 -2.3001 1.3674
1
3 -3.18310 0.93032 0.001 -5.03 -1.3362
1 0.46635 0.92367 0.615 -1.3674 2.3001
SP 2 N
3 -2.71676 0.90891 0.004 -4.5212 -0.9123
1 3.18310 0.93032 0.001 1.3362 5.03
3
2 2.71676 0.90891 0.004 0.9123 4.5212
2 -2.37053 0.91717 0.011 -4.1913 -0.5497
1
3 -3.24489 0.92377 0.001 -5.0788 -1.411
1 2.37053" 0.91717 0.011 0.5497 4.1913
ST 2
3 -0.87436 0.90252 0.335 -2.6661 0.9174
1 3.24489" 0.92377 0.001 1.411 5.0788
3
2 0.87436 0.90252 0.335 -0.9174 2.6661
2 1.00169 1.1979 0.405 -1.3764 3.3798
1
3 3.37549 1.20652 0.006 0.9802 5.7707
1 -1.00169 1.1979 0.405 -3.3798 1.3764
SV 2 N
3 2.37380 1.17876 0.047 0.0337 4.7139
1 -3.37549° 1.20652 0.006 -5.7707 -0.9802
3
2 -2.37380 1.17876 0.047 -4.7139 -0.0337
2 0.75988 1.7703 0.669 -2.7546 42744
1
3 0.33664 1.78305 0.851 -3.2032 3.8764
1 -0.75988 1.7703 0.669 -4.2744 2.7546
CT 2
3 -0.42325 1.74201 0.809 -3.8816 3.0351
1 -0.33664 1.78305 0.851 -3.8764 3.2032
3
2 0.42325 1.74201 0.809 -3.0351 3.8816
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Multiple Comparisons
LSD
Dependent | (I) Mean Difference 95% Confidence Interval
(J) run Std. Error Sig.
Variable | run 1) Lower Bound Upper Bound
2 -1.31046 2.39123 0.585 -6.0577 3.4367
! 3 0.78854 2.40845 0.744 -3.9928 5.5699
1 1.31046 2.39123 0.585 -3.4367 6.0577
Cv 2
3 2.09899 2.35303 0.375 -2.5724 6.7703
1 -0.78854 2.40845 0.744 -5.5699 3.9928
. 2 -2.09899 2.35303 0.375 -6.7703 2.5724
2 -0.09902 1.97915 0.96 -4.0281 3.8301
: 3 0.72047 1.9934 0.719 -3.2369 4.6779
1 0.09902 1.97915 0.96 -3.8301 4.0281
CP 2
3 0.81949 1.94752 0.675 -3.0468 4.6858
1 -0.72047 1.9934 0.719 -4.6779 3.2369
} 2 -0.81949 1.94752 0.675 -4.6858 3.0468
NYYI1A : *.= The mean difference is significant at the 0.05 level.
157197 7.3 HAMINATELNIIARA One Way ANOVA v31l5z@nTamn
MIMIAT IDAVDIUANLFINTLILIIAINITIAUTS UL
Test of Homogeneity of Variances
Levene Statistic dfl df2 Sig.
SCOD 27.375 2 95 0
SPCOD 8.544 2 95 0
STCOD 6.63 2 95 0.002
SVCOD 7.054 2 95 0.001
CTCOD 9.439 2 95 0
CVCOD 18.58 2 95 0
CPCOD 10.795 2 95 0
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ANOVA
Sum of Squares df Mean Square F Sig.
Between Groups 219.382 2 109.691 7.946 0.001
SCOD Within Groups 1311.45 95 13.805
Total 1530.832 97
Between Groups 19.187 2 9.594 0.611 0.545
SPCOD Within Groups 1492.173 95 15.707
Total 1511.361 97
Between Groups 65.232 2 32.616 2.805 0.066
STCOD Within Groups 1104.759 95 11.629
Total 1169.991 97
Between Groups 40.134 2 20.067 1.853 0.162
SVCOD Within Groups 1028.718 95 10.829
Total 1068.851 97
Between Groups 303.068 2 151.534 6.62 0.002
CTCOD Within Groups 2174.645 95 22.891
Total 2477.713 97
Between Groups 735.125 2 367.563 10.489 0
CVCOD Within Groups 3328.924 95 35.041
Total 4064.049 97
Between Groups 89.596 2 44.798 2.717 0.071
CPCOD Within Groups 1566.489 95 16.489
Total 1656.085 97
Robust Tests of Equality of Means
Statistic’ dfl df2 Sig.
SCOD Welch 5.299 2 51.239 0.008
SPCOD Welch 0.94 2 51.824 0.397
STCOD Welch 1.991 2 57.313 0.146
SVCOD Welch 2.394 2 50.605 0.102
CTCOD Welch 13.103 2 54.143 0
CVCOD Welch 4.919 2 53.905 0.011
CPCOD Welch 1.615 2 52.65 0.209
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Asymptotically F distributed.

a.

Multiple Comparisons
LSD
Mean 95% Confidence Interval
Dependent
(I) run (J) run Difference Std. Error Sig.
Variable Lower Bound | Upper Bound
(I
2 3.40011° 0.92268 0 1.5684 5.2319
1
3 2.98614 0.92932 0.002 1.1412 4.8311
1 -3.40011" 0.92268 0 -5.2319 -1.5684
SCOD 2
3 -0.41398 0.90794 0.649 -2.2165 1.3885
1 298614 0.92932 0.002 -4.8311 -1.1412
3
2 0.41398 0.90794 0.649 -1.3885 2.2165
2 1.08733 0.9842 0.272 -0.8666 3.0412
1
3 0.59585 0.99129 0.549 -1.3721 2.5638
1 -1.08733 0.9842 0.272 -3.0412 0.8666
SPCOD 2
3 -0.49149 0.96848 0.613 -2.4142 1.4312
1 -0.59585 0.99129 0.549 -2.5638 1.3721
3
2 0.49149 0.96848 0.613 -1.4312 2.4142
2 1.47174 0.84685 0.085 -0.2095 3.153
1 :
3 1.94271 0.85295 0.025 0.2494 3.636
1 -1.47174 0.84685 0.085 -3.153 0.2095
STCOD 2
3 0.47097 0.83332 0.573 -1.1834 2.1253
1 -1.94271° 0.85295 0.025 -3.636 -0.2494
3
2 -0.47097 0.83332 0.573 -2.1253 1.1834
2 1.57246 0.81719 0.057 -0.0499 3.1948
1
3 0.86482 0.82307 0.296 -0.7692 2.4988
1 -1.57246 0.81719 0.057 -3.1948 0.0499
SVCOD 2
3 -0.70764 0.80413 0.381 -2.304 0.8888
1 -0.86482 0.82307 0.296 -2.4988 0.7692
3
2 0.70764 0.80413 0.381 -0.8888 2.304
2 431961 1.18814 0 1.9608 6.6784
1
3 2.41135 1.1967 0.047 0.0356 4.7871
1 -431961" 1.18814 0 -6.6784 -1.9608
CTCOD 2
3 -1.90826 1.16916 0.106 -4.2293 0.4128
1 241135 1.1967 0.047 -4.7871 -0.0356
3
2 1.90826 1.16916 0.106 -0.4128 42293
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A15199 A.3 HANINATOUNIIETDA One Way ANOVA 189152 aNTA N

N15SMIAT 1oAVDIULARLBIITLILIIAINITLAUTE UL (AD)

Multiple Comparisons
LSD
Mean 95% Confidence Interval
Dependent
(D) run (J) run Difference Std. Error Sig. Lower
Variable Upper Bound
(I-)) Bound
2 591918 1.47003 0 3.0008 8.8376
1
3 5.85833 1.48062 0 2.9189 8.7977
1 -5.91918’ 1.47003 0 -8.8376 -3.0008
CvCoD 2
3 -0.06086 1.44654 0.967 -2.9326 2.8109
1 -5.85833" 1.48062 0 -8.7977 -2.9189
3
2 0.06086 1.44654 0.967 -2.8109 2.9326
2 2.16709° 1.00841 0.034 0.1651 4.169
1
3 1.91729 1.01567 0.062 -0.0991 3.9337
1 -2.16709" 1.00841 0.034 -4.169 -0.1651
CPCOD 2
3 -0.2498 0.9923 0.802 -2.2198 1.7202
1 -1.91729 1.01567 0.062 -3.9337 0.0991
3
2 0.2498 0.9923 0.802 -1.7202 2.2198

NYIY11A : *.= The mean difference is significant at the 0.05 level.

A15199 .4 HANINATOUNINADA One Way ANOVA ¥04U52aNTAIN

o w I 1 ] Aa
mimﬁl@ﬁmmu511aumaz%’nszﬂznmmﬁmuizuu

Test of Homogeneity of Variances
Levene Statistic df1 df2 Sig.
STKN 3.644 2 95 0.03
SPTKN 2.767 2 95 0.068
STTKN 2.359 2 95 0.1
SVTKN 8.031 2 95 0.001
CTYTKN 4.409 2 95 0.015
CPTKN 25.495 2 95 0
CVTKN 8.581 2 95 0




A15199 .4 HANINATOUNIIETDA One Way ANOVA 189152aNTAIN

o w < 1 1 A ]
ﬂ"l'iﬂ']ﬁ]ﬂﬁlﬂL@uGUENLlﬁ'ﬁgﬂfﬂ]\‘]ﬁZﬂglﬂaTﬂ'ﬁLﬂujg‘U‘U (99)
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ANOVA
Sum of Squares df Mean Square F Sig.
Between Groups 90.087 2 45.044 1.477 0.233
STKN Within Groups 2896.281 95 30.487
Total 2986.368 97
Between Groups 278.978 2 139.489 7.217 0.001
SPTKN Within Groups 1836.259 95 19.329
Total 2115.236 97
Between Groups 128.074 2 64.037 2.145 0.123
STTKN Within Groups 2836.459 95 29.857
Total 2964.533 97
Between Groups 398.567 2 199.284 10.537 0
SVTKN Within Groups 1796.755 95 18.913
Total 2195.322 97
Between Groups 199.825 2 99.913 3.032 0.053
CTYTKN | Within Groups 3130.483 95 32.952
Total 3330.309 97
Between Groups 1465.31 2 732.655 15.848 0
CPTKN Within Groups 4391.997 95 46.232
Total 5857.308 97
Between Groups 415.184 2 207.592 5.977 0.004
CVTKN Within Groups 3299.717 95 34.734
Total 3714.902 97
Robust Tests of Equality of Means
Statistic’ dfl df2 Sig.
STKN Welch 1.135 2 57.781 0.328
SPTKN Welch 8.627 2 60.003 0.001
STTKN Welch 1.999 2 62.741 0.144
SVTKN Welch 14.467 2 57.305 0
CTYTKN Welch 3.657 2 60.409 0.032
CPTKN Welch 26.624 2 49.048 0
CVTKN Welch 8.004 2 57.7 0.001




A15199 .4 HANINATOUNIIETDA One Way ANOVA 189152aNTAIN

o w < 1 1 A ]
mimﬁmﬁmlauGUENLmazmﬂizﬂzmmmimuiz‘U‘U (99)
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a. Asymptotically F distributed.

Multiple Comparisons
LSD
Mean 95% Confidence Interval
Dependent
(I) run (J) run Difference Std. Error Sig.
Variable Lower Bound | Upper Bound
(I
2 -2.29817 1.37118 0.097 -5.0203 0.424
1
3 -0.7515 1.38105 0.588 -3.4932 1.9902
1 2.29817 1.37118 0.097 -0.424 5.0203
STKN 2
3 1.54667 1.34927 0.255 -1.132 4.2253
1 0.7515 1.38105 0.588 -1.9902 3.4932
3
2 -1.54667 1.34927 0.255 -4.2253 1.132
2 -1.53843 1.0918 0.162 -3.7059 0.6291
1 ;
3 -4.12020 1.09966 0 -6.3033 -1.9371
1 1.53843 1.0918 0.162 -0.6291 3.7059
SPTKN 2 -
3 -2.58177 1.07435 0.018 -4.7146 -0.4489
1 412020 1.09966 0 1.9371 6.3033
3 .
2 2.58177 1.07435 0.018 0.4489 4.7146
2 1.73871 1.35695 0.203 -0.9552 4.4326
1
3 -0.99099 1.36672 0.47 -3.7043 1.7223
1 -1.73871 1.35695 0.203 -4.4326 0.9552
STTKN 2 -
3 -2.72970 1.33526 0.044 -5.3805 -0.0789
1 0.99099 1.36672 0.47 -1.7223 3.7043
3 B
2 2.72970 1.33526 0.044 0.0789 5.3805
2 -4.67381° 1.07999 0 -6.8179 -2.5298
1
3 -1.02128 1.08776 0.35 -3.1808 1.1382
1 467381 1.07999 0 2.5298 6.8179
SVTKN 2 "
3 3.65252 1.06273 0.001 1.5427 5.7623
1 1.02128 1.08776 0.35 -1.1382 3.1808
3 ;
2 -3.65252 1.06273 0.001 -5.7623 -1.5427
2 -1.70838 1.42554 0.234 -4.5384 1.1217
1
3 1.74596 1.43581 0.227 -1.1045 4.5964
1 1.70838 1.42554 0.234 -1.1217 4.5384
CTYTKN 2 -
3 3.45434 1.40276 0.016 0.6695 6.2392
1 -1.74596 1.43581 0.227 -4.5964 1.1045
3 ;
2 -3.45434 1.40276 0.016 -6.2392 -0.6695
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A15199 .4 HANINATOUNIIETDA One Way ANOVA 189152aNTAIN

o w < 1 1 A ]
mimﬁmﬁmlauGUENLmazmﬂizﬂzmmmimuiz‘U‘U (99)

Multiple Comparisons
LSD
Mean 95% Confidence Interval
Dependent
(I) run (J) run Difference Std. Error Sig. Lower Upper
Variable
I-)) Bound Bound
2 1.4918 1.68852 0.379 -1.8603 4.8439
1
3 8.86104 1.70068 0 5.4848 12.2373
1 -1.4918 1.68852 0.379 -4.8439 1.8603
CPTKN 2 -
3 7.36923 1.66154 0 4.0707 10.6678
1 -8.86104" 1.70068 0 -12.2373 -5.4848
3 :
2 -7.36923 1.66154 0 -10.6678 -4.0707
2 -1.39226 1.46357 0.344 -4.2978 1.5133
1 :
3 3.45895 1.47411 0.021 0.5325 6.3854
1 1.39226 1.46357 0.344 -1.5133 4.2978
CVTKN 2 -
3 4.85121 1.44018 0.001 1.9921 7.7103
1 -3.45895" 1.47411 0.021 -6.3854 -0.5325
3 N
2 -4.85121 1.44018 0.001 -7.7103 -1.9921

NYY11A : *.= The mean difference is significant at the 0.05 level.

Q13197 9.5 WANSNATDUNIIADA T-Paired Test Y95 ANTAN

nsmaanoanssausInINAAIFLANY

Paired Samples Statistics
Mean N Std. Deviation Std. Error Mean
SP 82.5439 98 3.94144 0.39815
Pair 1
CP 65.5901 98 7.89574 0.79759
Paired Samples Correlations
N Correlation Sig.
N Pair 1 SP and CP 98 0.588 0
=
s Paired Samples Test
Paired Differences
95% Confidence Sig.
Std.
Std. Interval of the t df (2-
Mean Error
Deviation Difference tailed)
Mean
Lower Upper
Pair 1 SP - CP 1.70E+01 | 6.42351 | 0.64887 | 15.66601 | 18.24167 | 26.128 97 0




A1319% 1.5 HANTNATBUNINADA T-Paired Test Y0IUILANTNIN

nsmIanoanosaUnIRINANANIFUANY (AD)
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Paired Samples Statistics
Std. Error
Mean N Std. Deviation
Mean
ST 85.5486 98 3.89943 0.3939
Pair 1
CT 65.6336 98 7.06173 0.71334
Paired Samples Correlations
N Correlation Sig.
=
= Pair 1 ST and CT 98 0.384 0
LSk
Paired Samples Test
Paired Differences
95% Confidence Sig.
Std.
Std. Interval of the t df (2-
Mean Error
Deviation Difference tailed)
Mean
Lower Upper
Pair 1 ST-CT 1.99E+01 | 6.62593 | 0.66932 | 18.58658 | 21.24342 | 29.754 | 97 0
Paired Samples Statistics
Std. Error
Mean N Std. Deviation
Mean
SV 78.3421 98 4.97907 0.50296
Pair 1
(6\% 62.5438 98 9.57001 0.96672
Paired Samples Correlations
- N Correlation Sig.
=
;g, Pair 1 SV and CV 98 0.697 0
=
Paired Samples Test
Paired Differences
95% Confidence Sig.
Std.
Std. Interval of the t df (2-
Mean Error
Deviation Difference tailed)
Mean
Lower Upper
Pair 1 SV -CV 1.58E+01 7.06791 0.71397 | 14.38135 | 17.21541 | 22.128 | 97 0




A1319% 7.6 HANTNATBUNINADA T-Paired Test V0IUILANTNIN

N15MIAT 1oAUDIAINAIA B LANY
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Paired Samples Statistics
Std. Error
Mean N Std. Deviation
Mean
SPCOD 78.5186 98 3.94728 0.39874
Pair 1
CPCOD 64.4229 98 4.13195 0.41739
Paired Samples Correlations
N Correlation Sig.
SPCOD
ag Pair 1 and 98 0.64 0
=
s CPCOD
Paired Samples Test
Paired Differences
95% Confidence Sig.
Std.
Std. Interval of the t df (2-
Mean Error
Deviation Difference tailed)
Mean
Lower Upper
SPCOD -
Pair 1 1.41E+01 | 3.43372 | 0.34686 | 13.4073 | 14.78413 | 40.638 97 0
CPCOD
Paired Samples Statistics
Std. Error
Mean N Std. Deviation
Mean
STCOD 78.9249 98 3.47301 0.35083
Pair 1
CTCOD 62.1316 98 5.05405 0.51054
Paired Samples Correlations
N Correlation Sig.
STCOD
2 | Pair1 and 98 0.624 0
=
=3 CTCOD
Paired Samples Test
Paired Differences
95% Confidence Sig.
Std.
Std. Interval of the t df 2-
Mean Error
Deviation Difference tailed)
Mean
Lower Upper
STCOD -
Pair 1 1.68E+01 | 3.96352 | 0.40038 | 15.99863 | 17.5879 | 41.944 97 0
CTCOD




A1319% 7.6 HANTNATBUNINADA T-Paired Test V0IUILANTNIN

o o A = (Y 1 a U 1
MIMIAT 1oAY IAINANAITHANY (919)
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Paired Samples Statistics
Mean N Std. Deviation Std. Error Mean
SVCOD 74.9278 98 3.3195 0.33532
Pair 1
CVCOD 57.0111 98 6.47282 0.65385
Paired Samples Correlations
N Correlation Sig.
SVCOD and
[t Pair 1 98 0.722 0
g CVCOD
£y
g Paired Samples Test
Paired Differences
95% Confidence Sig.
Std.
Std. Interval of the t df (2-
Mean Error
Deviation Difference tailed)
Mean
Lower Upper
SVCOD
Pair 1 1.79E+01 | 4.67852 | 0.4726 | 16.97865 | 18.85462 | 37.911 97 0
- CVCOD
d‘ an h a a
ATNN A.7 WANITNATDUNNADE T-Paired Test "U@\‘ill FEANININ
o w A 3 o 1 a o
N1ITNIANLIALDUUDIAINATNANTUANU
Paired Samples Statistics
Mean N Std. Deviation Std. Error Mean
SPTKN 58.7195 98 4.66975 0.47172
Pair 1
CPTKN 48.9057 98 7.77075 0.78496
Paired Samples Correlations
N Correlation Sig.
SPTKN and
Pair 1 98 -0.125 0.219
N CPTKN
=
s Paired Samples Test
Paired Differences
95% Confidence Sig.
Std.
Std. Interval of the t df 2-
Mean Error
Deviation Difference tailed)
Mean
Lower Upper
SPTKN -
Pair 1 9.81383 | 9.55376 | 0.96508 | 7.89842 | 11.72924 | 10.169 97 0
CPTKN




Q13199 1.7 HANTNATBUNINADA T-Paired Test Y0IUILANTNIN

o w < @ ' A o 1
fniﬂ'ﬁ]ﬂ‘ﬁlﬂl@uﬂ]@qgﬂjﬂﬁqﬁﬂqﬁﬂfu@ﬂu (90)
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Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean
Pair STTKN 61.9792 98 5.52831 0.55844
1 CTYTKN 47.5132 98 5.85944 0.59189
Paired Samples Correlations
N Correlation Sig.
STTKN
Pair
@ X and 98 0.238 0.018
&
=
= CTYTKN
/=t4
Paired Samples Test
Paired Differences
95% Confidence Sig.
Std.
Std. Interval of the t df 2-
Mean Error
Deviation Difference tailed)
Mean
Lower Upper
Pair STTKN -
1.45E+01 7.03176 | 0.71031 | 13.05624 15.8758 20.366 97 0
1 CTYTKN
Paired Samples Statistics
Mean N Std. Deviation Std. Error Mean
Pair SVTKN 59.3428 98 4.75733 0.48056
1 CVTKN 46.966 98 6.18853 0.62514
Paired Samples Correlations
N Correlation Sig.
SVTKN
Pair
c and 98 0.259 0.01
= 1
o CVTKN
= .
Paired Samples Test
Paired Differences
95% Confidence Sig.
Std.
Std. Interval of the t df 2-
Mean Error
Deviation Difference tailed)
Mean
Lower Upper
Pair SVTKN -
1.24E+01 6.76016 | 0.68288 11.0215 13.73215 | 18.124 97 0
1 CVTKN
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137197 9.1 Llﬁﬂ\‘]ﬂﬁLﬂﬁ&luLL‘]Jﬁ\‘]ﬂ%ﬂWﬂ!ﬁNﬂﬁN’miuiZU‘]JWUV]Q{?JHT]J?’%@H;@ nanuENIUoaneT N TTUUIMINY 5 HadnSunoans

| veavesad | weaweiad WeaneSaiindeluszun (me)
, . ) Weavosan )
UD | AINANLAZNY | %removal | pONINTZUY | de luszuy (massbalance) % mass
STREEATNI] (mg) . .
(mg) (mg) Wy fanag U 9 Ny Aanang AU 9
S1 bl 84.17 13097.393 2073.178 11024214 NA 10960.808 |  63.406 NA 99.42 0.58
S2 - 80.53 13097.393 2550.145 10547.248 NA 10580.132 | -32.884 NA 100.31 -0.31
SP1 Shale 1A 84.75 13097.393 1997.379 11100.013 1278.11 9490.611 | 331.291 11.51 85.50 2.98
SP2 dude 84.98 13097.393 1966.938 11130.454 1425.71 9726.893 | -22.151 12.81 87.39 -0.20
ST1 Shale 1A 85.43 13097.393 1908.760 11188.633 1172.07 9004.921 | 1011.642 | 10.48 80.48 9.04
ST2 g 83.74 13097.393 2129.304 10968.088 1095.80 8939.287 | 932.998 9.99 81.50 8.51
SV1 Shale 1ag 79.32 13097.393 2708.397 9942.699 44751 8939.287 | 555.900 4.50 89.91 5.59
SV2 vghuAn 83.25 13097.393 2193.913 10903.480 506.64 9018.048 | 1378.796 4.65 82.71 12.65
CVl 339 N3 59.60 13097.393 5291.667 6655.726 559.68 5673.866 | 422.182 8.41 85.25 6.34
cva | g ngudn 59.30 13097.393 5330911 7766.482 494.12 6731.823 | 540.541 6.36 86.68 6.96
CT1 N399 N30 67.54 13097.393 4251.668 8399.428 953.94 5903.302 | 1542.191 | 11.36 70.28 18.36
CT2 waz guod 71.77 13097.393 3697.6533 8953.4430 1027.38 5916.049 | 2010.015 | 11.47 66.08 22.45
CP1 N399 N8 66.26 13097.393 4419.671 8231.425 635.46 5826.823 | 1769.144 7.72 70.79 21.49
CP2 nag dudo 65.38 13097.393 4533.697 8563.696 777.45 5903.302 | 1882.942 9.08 68.93 21.99

191



M1319% 9.2 uaasmsnfasunlasSnuauganialus

44, 2 4
LUVNUNFNU52AY

Q

%
3

v
=

nanumutuoaosmiszuumny 15 Naansudoanas

3 WeawleSaii | veavesad | weawesaidi omleSaiimaeluszun (mg)
\ AINAN % oy - % mass
1o N SRERATH 2ONINTEUY | MdelusEUY (massbalance)
UASWY removal - o 2 - - 2
(mg) (mg) (mg) WYy fnNane U 9 ne AINaN | AU
S1 77.58 | 39947.995 8955.224 30992.772 NA 29298.893 |  1693.879 NA 94.53 5.47
S2 e 7426 | 39947.995 10281.746 29666.249 NA 27474273 | 2191976 NA 92.61 7.39
SP1 |  Shale tlag 81.95 | 39947.995 7212.003 32735.992 3407.01 26292.865 | 3036.118 10.41 80.32 9.27
SP2 duda 82.60 | 39947.995 6949.395 32998.600 3635.27 25373.991 | 3989.338 11.02 76.89 12.09
ST1 | Shale iag 85.89 | 39947.995 5637.534 34310461 5431.70 25807.175 | 3071.587 15.83 75.22 8.95
ST2 g 86.76 | 39947.995 5290.726 34657.269 5853.21 26870442 | 1933.617 16.89 77.53 5.58
SV1 |  Shale 18y 78.87 | 39947.995 8442.321 31505.674 3395.67 28550.667 |  -440.663 10.78 90.62 -1.40
sva | wgwdn 79.53 39947.995 8177.363 31770.633 2506.83 26870442 | 2393.361 7.89 84.58 7.53
CV1 | p3im n3tg | 66.64 | 39947.995 13326.407 26621.588 2542.33 19452.809 | 4626.449 9.55 73.07 17.38
cva | wazvefurn | 6479 | 39947995 14066.967 25881.029 3385.27 17158.443 | 5337.315 13.08 66.30 20.62
CTl | psyp m3e | 67.53 39947.995 12969.219 26978.777 4799.10 17859.499 | 4320.177 17.79 66.20 13.71
cr2 | werqand | 6621 39947.995 13498.112 26449.884 4597.77 18127.175 | 3724.938 17.38 68.53 11.72
CPl | n3A m31g | 6655 | 39947.995 13364.526 26583.469 2870.72 17438.866 | 6273.884 10.80 65.60 23.60
cp2 | uag dude 68.25 | 39947.995 12682.680 27265.315 2366.52 19134.147 | 5764.648 8.68 70.18 21.14

1



~ A d” A %} a J A Y 9 [ 9 1w A a o 1T A
M13719N 9.3 Ll’dﬂ\‘]ﬂﬁLﬂﬁ&luLLﬂﬁQﬂ%NWﬂ!ﬁNﬂﬁN’miuiZ‘U‘]JWUVIG]giJ‘LH‘]JizﬂH;ﬁ nanudnTuneaWe T FUITZUILIINY 30 HaanTuADanAS

. Woavlesa | veawlesa P Mmde luszyy (mg) (massbalance) % mass
Weavlesa | | 1 oA
, . . 4 g Neenn | Mwmdelu
o AINANMATNY | % removal | MATEUU A 4 ) P
VY VY Ny fA3INAY U 9 ey AINAN U 9
(mg)
(mg) (mg)
S1 73.17 75840.00 20346.50 55493.50 NA 51763.16 3730.34 NA 93.28 6.72
Shale
S2 72.12 75840.00 21147.55 54692.45 NA 49460.57 5231.89 NA 90.43 9.57
SP1 . 84.56 75840.00 11705.93 64134.07 12554.91 46390.45 5188.71 19.58 72.33 8.09
Shale LlAg AUOD
SP2 85.50 75840.00 10994.22 64845.78 10427.80 47980.33 6437.65 16.08 73.99 9.93
ST1 Shale (1a2 87.09 75840.00 9789.56 66050.44 12197.88 45513.27 8339.29 18.47 68.91 12.63
ST2 ‘gﬂm‘ﬁ 87.45 75840.00 9519.69 66320.31 11979.03 45038.14 9303.14 18.06 67.91 14.03
SV1 Shale (1a2 77.15 75840.00 17328.28 58511.72 8035.49 45166.06 1147.79 13.73 77.19 1.96
Y
Sv2 Wmﬂm‘lﬂ 76.68 75840.00 17689.08 58150.92 8264.49 46427.00 -255.11 14.21 79.84 -0.44
CV1 NIIA NI LAY 62.08 75840.00 28761.36 47078.64 6009.67 27811.75 13257.22 12.77 59.08 28.16
Y
CV2 Wmﬂm‘lﬂ 63.87 75840.00 27404.70 48435.30 6875.11 26196.95 15363.24 14.19 54.09 31.72
CP1 NIIA NTIY LAY 67.38 75840.00 2474217 51097.83 7523.25 29000.67 14573.90 14.72 56.76 28.52
vy 9
CP2 AUDD 66.10 75840.00 25711.46 50128.54 8643.62 30810.67 10674.25 17.24 61.46 21.29
CT1 NIIAN NI LAY 67.53 75840.00 24626.32 51213.68 9012.16 28521.55 13679.96 17.60 55.69 26.71
CT2 ‘Qﬂmﬁ 67.51 75840.00 24643.44 51196.56 9990.27 27297.14 13909.15 19.51 53.32 27.17

€91
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a d o A Y] a Aa
mﬁm513wmﬂ%mmv\latw\laiaﬂazaﬂumnmmuﬂumu

[

w L} o a a Y d‘ =} o dy
1.1 ﬂ?ﬁﬂ]ﬁﬂ]iﬂ]uﬂmﬁ]ﬂ%u]mﬁuﬂuﬂ11«!‘#!‘?114531]”‘1]“131]1’] 3.3 UNITAUIUAIU
- AUAUATUUUIA 2.00-4.00 Haaluag

J a
511013 naxenxge  gnuwnsuAmLAg

50x 10x 50
4 a
= 25000 QNUNANLEUALIAT
10 ANITILURAUMUTIA IR 1.87 nSusegnuIRRisuALAT 1Az D = m/V

! 30} -7
22 1d iwmain (m)

DV

25,000 x 1.87

= 46,875 N5 Y130 46.88 1 lansy

[

i ' Y
12 MegumsannamnlSnamnenliluszuvangln 3.4 Imsfmuiuai

- NFWHIILIUIA 0.50-2.00 UADINAT

155105

J a
ﬂ'fl)N XX gy GNUIANLFUANAT

50 x 80 x 50
= 200,000 QUIARITUALAS

1N AU LEAuA iAWY 1.87 nSudegmnaAtisuAigs uag D=m/V

. .
aldn  dwmin DV

200,000 x 1.81

= 362,000 NTY 13D 362 Alansy



165

Py v A @ g A %} a 4
M1319% 9.4 vaastsnaeanesanazanludinarsluszuununguinlszawg
d| Yy 9 [ 9 1w A a o 1A
nanuauIuoareTMITEUIUIMAY 5 HaanTuaoans
s | JSump
, P90 P Wmas | PO | maw | danan | aeaulu
UD abs o
n3 (mg/g) | (mg/g) | (mg/g) | (mg/g) Tuszuy | @anan
(2 (mg)
1T 0381 | 5366 | 0.054
U 0241 | 339 | 0.034
S 0.032 | 0.003 | 0.029 | 372800 | 10960.808
2T 0.169 | 2.38 0.024
o 2U 0.124 | 1.746 | 0.017
<
=
@ 1T 0.284 4 0.04
U 0265 | 3.732 | 0.037
2 0.031 | 0.003 | 0.028 | 372800 | 10580.132
2T 0.184 | 2592 | 0.026
2U 0.153 | 2155 | 0.022
1T 0328 | 4.62 0.046
1U 0225 | 3.169 | 0.032
SP1 0.028 | 0.003 | 0.025 | 372800 | 9490.611
-8 2T 0.171 | 2408 | 0.024
=
S 20 | 0079 | L1113 | 0011
G
: 1T 0315 | 4437 | 0.044
<
Z 1U 0258 | 3.634 | 0.036
SP2 0.029 | 0.003 | 0.026 | 372800 | 9726.893
2T 0.186 | 2.62 0.026
2U 0.062 | 0.873 | 0.009
1T 0258 | 3.634 | 0.036
1U 0272 | 3.831 0.038
ST1 0.027 | 0.003 | 0.024 | 372800 | 9004.921
2 2T 0.143 | 2.014 0.02
(3
=
" 2U 0.093 1.31 0.013
G
= 1T 0264 | 3.718 | 0.037
=
7 1U 0278 | 3.915 | 0.039
ST2 0.027 | 0.003 | 0.024 | 372800 | 8939.287
2T 0.159 | 2239 | 0.022
2U 0.06 | 0.845 | 0.008
= IT | 0289 | 407 | 0041
35
g 1U 0283 | 3.986 0.04
» | SVI 0.027 | 0.003 | 0.024 | 372800 | 8939.287
g 2T 0.068 | 0.958 0.01
[}
= 20 | 021 | 1704 | 0.017
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= IT | 0309 | 4352 | 0.044
aos
g U 0224 | 3.155 | 0.032
3 SV2 0.027 | 0.003 | 0.024 | 372800 | 9018.048
g 2T 0.13 1.831 | 0.018
[}
= 20 | 0104 | 1465 | 0015
1T 0206 | 2.901 | 0.029
- U 0.168 | 2366 | 0.024
= | v 0.021 | 0.006 | 0.016 | 362000 | 5673.866
Ny 2T 0.109 | 1.535 | 0.015
<
2 2U 0.126 | 1.775 | 0.018
2 1T 0203 | 2.859 | 0.029
=
. U 0233 | 3282 | 0.033
o | cv2 0.024 | 0.006 | 0.019 | 362000 | 6731.823
= 2T 0.081 | 1.141 | o0.011
2U 0.175 | 2465 | 0.025
1T 0211 | 2.972 0.03
= U 0.183 | 2.577 | 0.026
= | cm 0.022 | 0.006 | 0.016 | 362000 | 5903.302
= 2T 0.138 | 1.944 | 0.019
P=t]
S 2U 0.095 | 1.338 | 0.013
el
é 1T 0243 | 3423 | 0.034
s U 0.155 | 2.183 | 0.022
= CT2 0.022 | 0.006 | 0.016 | 362000 | 5916.049
2T 0.137 | 1.93 0.019
2U 0.093 1.31 0.013
1T 0269 | 3.789 | 0.038
U 0.106 | 1.493 | 0.015
23 CP1 0.022 | 0.006 | 0.016 | 362000 | 5826.823
2 2T 0.174 | 2451 | 0.025
33
c 2U 0.072 | 1.014 0.01
X
é 1T 0.247 | 3479 | 0.035
& 1U 0.161 | 2.268 | 0.023
pas CP2 0.022 | 0.006 | 0.016 | 362000 | 5903.302
2T 0.084 | 1.183 | 0.012
2U 0.135 | 1.901 | 0.019
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IT | 0684 | 9.634 | 0.096
U | 0571 | 8042 | 0.8
S 0.08141 | 0.00282 | 0.07859 | 372800 | 29298.893
2T | 0571 | 8.042 | 0.8
) 2U | 0486 | 6.845 | 0.068
<
=
@ 1T 0.71 10 0.1
U | 0581 | 8183 | 0.082
2 0.07651 | 0.00282 | 0.0737 | 372800 | 27474273
2T | 0401 | 5.648 | 0.056
2U | 0481 | 6.775 | 0.068
IT | 0642 | 9.042 | 0.09
U | 0551 | 7.761 | 0.078
SP1 0.07335 | 0.00282 | 0.07053 | 372800 | 26292.865
-8 2T | 0.545 | 7.676 | 0.077
=
S 2U | 0345 | 4.859 | 0.049
G
: IT | 0683 | 9.62 | 0.096
<
Z U | 0553 | 7.789 | 0.078
SP2 0.07088 | 0.00282 | 0.06806 | 372800 | 25373.991
2T | 0413 | 5817 | 0.058
2U | 0364 | 5127 | 0.051
IT | 0699 | 9.845 | 0.098
U | 0491 | 6915 | 0.069
ST1 0.07204 | 0.00282 | 0.06923 | 372800 | 25807.175
2 2T | 0501 | 7.056 | 0.071
=
" 2U | 0355 5 0.05
G
= IT | 0637 | 8972 | 0.09
=
@ 1U | 0.587 | 8268 | 0.083
ST2 0.07489 | 0.00282 | 0.07208 | 372800 | 26870.442
2T | 0474 | 6.676 | 0.067
2U | 0429 | 6.042 | 0.06
= IT | 0736 | 10.366 | 0.104
35
g U | 0549 | 7.732 | 0.077
» | SVl 0.0794 | 0.00282 | 0.07658 | 372800 | 28550.667
g 2T | 0513 | 7.225 | 0.072
[}
= 2U | 0457 | 6437 | 0.064
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= T 0.092
=
g U 0.082
2 SV2 0.07489 | 0.00282 | 0.07208 | 372800 | 26870.442
g 2T 0.074
2
<
= 20 0.052
IT 0.062
c 1U 0.054
= cvi1 0.05951 | 0.00577 | 0.05374 | 362000 | 19452.809
N4 2T 0.053
=
2 20 0.069
2 IT 0.069
o
=
= U 0.064
o cv2 0.05317 | 0.00577 | 0.0474 | 362000 | 17158443
= 2T 0.035
2U 0.046
IT 0.059
= U 0.041
£ CT1 0.05511 | 0.00577 | 0.04934 | 362000 | 17859.499
= 2T 0.074
P=r3
S 2U 0.046
®
= 1T 0.048
=
s U 0.054
p CT2 0.05585 | 0.00577 | 0.05008 | 362000 | 18127.175
2T 0.05
2U 0.072
IT 0.064
U 0.048
22 CP1 0.05394 | 0.00577 | 0.04817 | 362000 | 17438.866
o= 2T 0.053
=
33
c 2U 0.051
frel
i 1T 0.069
s U 0.069
o CP2 0.05863 | 0.00577 | 0.05286 | 362000 | 19134.147
2T 0.05
2U 0.046
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Ysua | JSump
, 4 Ay anane | avaulu
19 P (mg/g) | ma8(mg/g) | PO (mg/g) o
(mg/g) | Tuszuy | @anan
(g) (mg)
1T 0.15
U 0.15
s1 0.14 0.003 0.14 372800 | 51763.156
2T 0.16
o 2U 0.11
[+
<
2 1T 0.15
U 0.17
S2 0.14 0.003 0.13 372800 | 49460.567
2T 0.11
2U 0.1
1T 0.16
U 0.15
SP1 0.13 0.003 0.12 372800 | 46390.45
8 2T 0.11
= 5
& U 0.09
<
3 1T 0.15
=
w U 0.14
SP2 0.13 0.003 0.13 372800 | 47980332
2T 0.11
2U 0.12
1T 0.16
U 0.15
ST1 0.12 0.003 0.12 372800 | 45513.273
@ 2T 0.1
[yl
=2 2U 0.09
39
<
: 1T 0.17
=
& U 0.14
ST2 0.12 0.003 0.12 372800 | 45038.136
2T 0.1
2U 0.08
=
= 1T 0.17
S
g U 0.13
3 Svi 0.12 0.003 0.12 372800 | 45166.058
€ 2T 0.12
o
= 2U 0.07
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19 P (mg/g) | 1ma8(mg/g) | PO (mg/g) o
(mg/g) | Tuszuy | @anan
(g) (mg)
= T 0.16
Sy
g U 0.15
3 SV2 0.13 0.003 0.12 372800 | 46426.999
€ 2T 0.11
B
%’ 2U 0.08
1T 0.1
< U 0.06
= a%! 0.08 0.006 0.08 362000 | 27811.75
oo 2T 0.11
=
2 2U 0.06
2 1T 0.12
e
=
- U 0.07
c cv2 0.08 0.006 0.07 362000 | 26196.946
= 2T 0.07
2U 0.05
1T 0.07
= U 0.1
2 CT1 0.08 0.006 0.08 362000 | 28521.554
= 2T 0.09
=52
€ 2U 0.07
bl
= 1T 0.09
=
s U 0.07
= CT2 0.08 0.006 0.08 362000 | 27297.142
2T 0.07
2U 0.09
1T 0.1
U 0.08
22 CP1 0.09 0.006 0.08 362000 | 29000.672
= 2T 0.09
tcy
39
c 2U 0.07
bl
é 1T 0.12
s U 0.08
s CP2 0.09 0.006 0.09 362000 | 30810.672
2T 0.1
2U 0.06
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FA
Wy 1o WU RS (2) P Aodu . Ao P 19720V (mg) 59 (mg/)
du 4425 53.63 17 911.77
SP1 1278.11
. ) 510 22.94 21.55 17 366.34
#uauau uaz do ~
du 36.48 61.91 17 1052.39
SP2 1425.71
510 20.13 21.96 17 373.32
du 40.51 20.87 17 354.73
CP1 635.46
Y 510 1557 16.51 17 280.73
7598 N30 LAz Audo ~
du 53.37 27.49 17 467.39
CP2 77745
510 15.05 18.24 17 310.06
du 37.38 4531 17 770.25
ST1 1172.07
. . 510 10.05 23.64 17 401.82
#uduau uazgpilnd ~
du 4427 4427 17 752.59
ST2 1095.8
510 8.58 20.19 17 34321
du 33.69 32.66 17 555.29
CT1 953.94
. 510 9.6 23.45 17 398.64
579 N3510 1Az Ulnd ~
du 27.61 40.16 17 682.72
cT2 1027.38
510 73 2027 17 344.66
du 28.6 14.73 17 250.47
sv1 447.51
. ) 510 153 11.59 17 197.05
AuAuA LAz nauwn "
du 26.77 15.41 17 262.02
sV2 506.64
510 19.79 14.39 17 244.61
du 36.32 1431 17 2432
cvi1 559.68
) 510 17.07 18.62 17 316.48
1598 N0 uag vahuen "
du 21.37 13.6 17 231.18 494.12
cv2
510 15.95 15.47 17 262.93
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SP1 3407.01
. Y 510 33.10 37.11 17 63091
HUAUATU LIS AUDD o
du 80.50 163.44 17 2778.47
SP2 363527
510 29.70 50.40 17 856.80
du 68.80 118.84 17 202022
cP1 287022
Y 510 30.00 50.00 17 850.00
N33R NIY LIS AUDD o
du 33.68 56.13 17 954.13
cP2 2366.52
510 70.30 83.08 17 1412.39
fu 43.70 195.99 17 3331.79
STI 5431.70
. . 510 31.20 123.52 17 2099.90
NUAUATU LIS 'Qﬂi]']‘]sl o
fu 45.70 214.65 17 3649.08
ST2 585321
510 26.80 129.66 17 2204.14
fu 47.70 190.80 17 3243.60
CT1 4799.10
. 510 30.00 91.50 17 1555.50
N33R NI LD léﬂf]‘l‘}ﬂ o
fu 47.60 177.42 17 3016.11
cT2 4597.77
510 33.50 93.04 17 1581.66
du 44.10 113.59 17 1931.05
. SV1 3395.67
#uAuaY uay 510 2430 86.15 17 1464.63
neuin du 40.30 84.26 17 143248
sV2 2506.83
510 21.50 63.20 17 107435
du 35.10 67.01 17 1139.15
cvi1 254253
7390 NIW LAY 510 25.70 82.55 17 1403.38
naurn fu 3820 100.71 17 1712.05 3385.27
cv2
510 29.00 98.42 17 167321
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AuAuaM uaz dude ”
fu 88.500 383.500 17 6519.500
SP2 10427.800
710 36.300 229.900 17 3908.300
fu 70.010 288.526 17 4904.943
CP1 7523252
) 710 39.400 154.018 17 2618.309
7370 N30 LA B0 ”
fu 76.200 355.600 17 6045.200
cP2 8643.624
710 38.800 152.848 17 2598.424
fu 86.47 517.152 17 8791.576
ST1 12197.882
L . 710 39.81 200.371 17 3406.306
AuAuam nazgilgd ”
fu 90.000 523.636 17 8901.818
ST2 11979.035
710 41.75 181.013 17 3077.216
fu 73.850 317.779 17 5402.239
CT1 9012.116
. 710 41.550 212.346 17 3609.877
598 N9 uaz gUmB ”
fu 78.100 378.667 17 6437.333
cT2 9990.272
710 43200 208.996 17 3552.938
fu 54.335 288.140 17 4898.383
sv1 8035.251
o ) 710 29.14 184.522 17 3136.868
Auduau uag vapudn ”
fu 50.30 294.150 17 5000.542
) 8264.486
710 2629 191.997 17 3263.943
fu 56.58 217.728 17 3701.377
vl 6009.673
7399 N30 LA 710 31.56 135.782 17 2308.296
wajurn n 56.395 230.707 17 3922.016 6875.112
cv2
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SIRIETR 11900 U 9 SIRIETR 11980 U 9
S1 80 78.89 1.11 100 98.61 1.39
Shale

S2 80 77.53 2.47 100 96.91 3.09

SP1 80 73.44 6.56 100 91.8 8.2
Y 9
Shale 110 AUDD
SP2 80 76.76 3.24 100 95.95 4.05
STI1 . 80 77.69 231 100 97.11 2.89
Shale uaz 919

ST2 80 76.89 3.11 100 96.11 3.89
SV1 Shale 118 80 75.51 4.49 100 94.39 5.61
SV2 naudn 80 76.9 3.1 100 96.13 3.87
Cvi 399 NIY LAY 80 72 8 100 90 10
cV2 naudn 80 74.94 5.06 100 93.68 6.33
CT1 399 N3 80 75.43 4.57 100 94.29 5.71
CT2 oz g 80 74.78 5.22 100 93.48 6.53
CP1 399 N3 80 74.26 5.74 100 92.83 7.17
CP2 1Az Aude 80 73.96 6.04 100 92.45 7.55
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Abstract. The constructed wetlands are considered a low-cost alternative system for phosphorus
removal. Several studies have concluded that the substrate may play the greatest role in phosphorus
removal. Tt is not clear how much of the added phosphorus is accumulated in substrate, assimilated
in plants, transformed by microorganisms or volatlization. Studies on the distribution of
phosphorus 1n different components of a constructed wetland have been limited. The objective of
this study was to investigate the transformation and elimination processes of phosphorus in
subsurface flow constructed wetlands (SF) by using mass balance. Shale was selected as a substrate
in constructed wetlands for this study. on the basis of their adsorption capacity and suitability for
plant growth. The 8 pilot scales SF contained three different plants (Phragmites, Vetiveria and
Typha). Shale was used as substrate in wetland to compare with 6 pilot scales (gravel and sand was
used as substrate in wetland). Each pilot scale was fed with the synthetic wastewater which had the
three concentrations of PO,-P 5. 15 and 30 mg/T.. Composite water samples were collected every 3
days [rom the respective inlets and outlel of each pilot scale [or removal efficiency calculations.
Water quality analyses (COD and Total P) were measured according to standard methods. The total
P accumulated in plants ussue and shale were measured. The results showed that shale pilot scales
had the higher phosphorus and COD removal than sand and gravel pilot scales. The P removal
efficiencies were 68.73-77.21 % for shale pilot scales and 54.19-66.26 % for gravel and sand pilot
scales. The P mass balance in shale pilot scales show the P accumulate in a substrate for 50-93%_ in
plants [or 17-20% and 1 other component [or 1-12%. And the P mass balance in gravel and sand
pilot scales have P accumulated for 50-70%. in plants for 5-15% and in other component for 11-
50%. These results support that substrate plays the important mechanism to P removal in SF and
Shale has high potential use as a substrate in constructed wetlands for phosphorus removal. The
result from mass balance. k. value and k, value to be apply for design SF constructed wetlands
using shale as a substrate are QC, -QC_, = 0.00062W, + W k_ : k, value for each are 0.0672

mg.g”.d"! for Reed 0.0533 mg.g' .d"' for Cattail and 0.0546 mg.g"'.d” for Vetiver grass.
Introduction

Phosphorus is limiting nutrients for aquatic ecosystem because they contribute to accelerated
eutrophication of lake and rivers [9, 24]. Chemical treatment is widely used for phosphorus
removal. They are the most effective and well-established methods but their costs and sludge
production make chemical treatment an unattractive option for wastewater treatments [16, 18]. The
constructed wetlands are considered to be alternative for phosphorus removal because of their low

cost, lower sludge production easy operation and mamtenance [8, 15 and 17]. Phosphorus removal
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mechanism has been substrate adsorption, chemical precipitation, bacteria action, plant uptake and
incorporation into organic matter [1]. A substrate is important to select the high phosphorus
adsorption capacity, which depends mainly on the chemical characterization of these materials ([11.
28]. Many previous studies have reported that shale base constructed wetlands substrate had 64-100
% phosphorus removal efficiency. In addition, the plant can grow and rhizome can develop.
Besides, the data from the experiment was used to predict lifetime of constructed wetland using
shale as a substrate ranging 15-20 vyears [9, 11-12]. However, it was not clear that how much of the
added phosphorus was accumulated in substrate, assimilated in plants, or transformed by
microorganisms. The objective of this study was to investigate the transformation and elimimation
processes of phosphorus m subsurface flow constructed wetlands (ST) by using mass balance. The
result of this study will create a better understanding of phosphorus transformation and hoe it can be
used for evaluating and improving existing design criteria.

Material and Methods

Pilot scale unit

The shale used as substrate in this study was obtained from Siam Cement Public Company Limited,
i the Sarabur province, Thailand. Fourteen of pilot-scale SF constructed wetlands have been
constructed at Suranaree Umniversity of Technology, Nakhon ratchasima, Thailand. They were
rectangular tanks, with dimensions 1x 0.5 x 0.5 m. (L x W x D). Shale was used as substrate i 8
pilot scale units and gravel and sand was used as 6 pilot scale units as shown i Fig.1 and 2 and
Table 1. The emergent plants were selected by phosphorus ratio i plant tissue and there 1s local
plant. Reed (Phragmites spp.) (SP). Cattail (Typha spp.) (ST) and Vetiver grass (Vetiveria spp.)
(SV) were used as plant in pilot unit scale with density of 30 plant/m’. The synthetic wastewater
was supplied with the loading rate ranging from 228.5-283.7 kg COD day’hec” and during this
operation period supply P three loading rate were 3.83, 11.75, 22.98 kg PO, dayhec™ as shown
in Table 1. The pilot-scale SF constructed wetlands were operated in 180 days. 60 day for each
period. Composite water samples were collected every 2 days from the respective mlets and outlet
of each unit for removal efficiency calculations. Water quality parameter including COD and P
analyses were performed according to standard methods [3].

Storage

A

CV1

Control Reed Cattail Vertiver grass

Fig. 1 The flow chart of pilot-scale units




178

International Conference on Civil Engineering and Building Materials (2011 CEBM)
2011 International Science and Engineering Research Center

Fig. 2 (a) Cross section of pilot scale, (b) A pilot-scale units.

Table 1 Operation condition for pilot-scale SF constructed wetlands.

Parameter Unit

Flow rate m’ /d 0.036-0.039
HRT d 3

Organic Loading Rate kg COD ha™ day ™ 229.8
Phosphorus Loading Rate kg P ha' day ™! 3.83-22.98
Length x Wide - 1.00 x 0.5
Water depth m 04

Media depth m 0.5

Mass balance of phosphorus

Mass balance for each pilot-scale SF constructed wetlands was calculated the phosphorus balance
of each unit, before supplying the synthetic wastewater, substrate and plant tissue were selected to
determine phosphorus accumulations in it. After the operation for each period, substrate and plant
were selected to determine phosphorus accumulations in substrate and i plants tissue. Other
phosphorus accumulations were calculated from equation of mass balance. P of inlet and outlet of
each unit were measured to calculate the synthetic wastewater P concentration and flow rate. The
equation of mass balance is

Plupm - POquut + Psubstrate T Pplant + Pother component

Result and Discussion

Characterization of shale

The results of chemical characteristics in Table 2 showed that shale mainly contains 10.58% Al,O;,
16.72% Fey03 and 5.25% CaQ. This agrees with the previous study which range from 11.49%
ALO;, 4.68% Fe,0;, and 10.97% CaO [9]. These chemical properties contribute to the interest n
the material to be used as potential filter media for phosphorus removal in constructed wetlands.
Several studies suggested that the major removal mechanism was adsorption to the surface and due
to chemical characteristics and phosphorus capacity of the filter media [12, 25 and 28]. The
substrates which include minerals with reactive wwon or aluminium hydroxide or oxide group on
their surface, calcareous materials, can promote caleium phosphate pracipitation [19, 22 and 28].
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Table 2 Chemical characteristics of shale

Chemical position % position Chemical position % position
Silicon Dioxide (Si0;) 60.01 Calcium Oxide (CaQ) 5.25
Aluminium Oxide (Al,O3) 10.58 Potassium Oxide (K,0) 5.26
Ferric Oxide (Fe,03) 16.72 Titanium Dioxide (T10,) 1.93
Magnesium Oxide (MgO) 0.17 Zirconium Oxide (ZrO,) 0.08

COD and phosphorus Removal efficiency

Results of phosphorus and COD removal efficiency were shown i Table 3. A COD removal ST
pilot scale has the highest removal efficiency, the results were significantly different (Paired-T Test,
p<0.05, n= 90). And for use shale as a substrate has higher COD removal efficiency than sand and
gravel as a substrate. COD removal mechanism for constructed wetland is based on the
decomposition of organic matter by aerobic microorganisms and anaerobic microorganisms. Carbon
dioxide and methane are produced from this mechanism to apply for the plant to be used in
metabolism and develop cell tissue [15]. The oxygen and carbon dioxide are exchanged in the area
around the plant roots: root density will increase the amount of oxygen. This will allow the aerobic
microorganisms to be effective in decomposing organic matter [10, 15]. These might be related with
physical characternistics of filter media. Soluble organic matter 1s removed by the microbial grown
on the media surfaces and attached to the plant roots and rthizomes penetrating the filter bed of
wetlands [10].In the previous study COD removal efficiency for worldwide constructed wetland
that used sand gravel and silt as a substrate was 20.00-70.50% [7]. For phosphorus removal, ST
pilot scale has highest removal efficiency the results were significantly difference (Paired-T Test,
p<0.05, n= 90). The result of this study showed a pilot using shale as a substrate has the highest
phosphorus removal efficiency, more than 70% while a pilot using sand and gravel as a substrate
has phosphorus removal efficiency from 62.00-65.00%. The constructed wetland system treated
domestic wastewater showed that sand filter media system had phosphorus removal from 80.00-
100.00 % [26] and in gravel filter media bed, at 50.00-60.30 % [4] and soil filter bed system
efficiency from 90.00-95.00% [7 ,26]. Phosphorus removal mechanisms in constructed wetlands are
mostly removed by substrate adsorption precipitation and complex form with iron oxide, aluminum
oxide, magnesium oxide and calcium oxide [11-13, 15]. The pH effect was largely the phosphorus
adsorption and precipitation with Al Fe, Ca and Mg [16. 22]. The pH in this study was between 10
to 12, the speciation of orthophosphate was presented as HPO,*” and PO,” species [22] and could
be described through the protonation reaction (1)-(3). These was supported by the results of
chemical characteristics of shale in this study which comprises mainly of were Al,Os, Fe,0; and
Ca0 that could promote phosphate precipitations. In addition the previous study found shale could
be used as a potential filter media in constructed wetlands and has a lifetime of constructed wetland
ranging from 15-20 years [11-12] higher than sand and gravel which were about 10-15 years of
lifetime.

Ca*" + HPO, CaHPO,” (1)
Ca'™ +P0O,* » CaPOy (2)

Mg™+ NH™ + PO* + 6H,0 —»  MgNH,PO,". 6H,0 (3)
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Table 3 The COD and Phosphorus removal efficiency of pilot scale units.

Pilot % Removal efficiency ( Mean + SD)
scale CcOD Phosphorus
ot Runl Run I Run IIT Ave. Run I RunII Rum I Ave.
S 76.67 7327 73.69 7449 8187 75.67 71.88 76.36
+64 +0.8 +1.2 +4.0 +38.7 + 45 +4.6 +7.3
ST §0.09 78.62 78.15 78.92 83.63 §6.00 86.88 85.54
+52 +£123 2.0 3.5 +56 +23 +23 +39
SP 64.44 78.01 785 78.51 8131 81.77 84.49 82.54
+82 +13 +22 +4.0 +54 +27 +25 +39
SV 75.76 74.19 74.89 74.93 79.82 78.82 76.45 78.34
+5.3 =12 +22 £3.3 +0.9Y + 34 +3.9 5.0
CT 64.44 60.12 62.03 62.13 66.01 65.25 63.67 65.63
+82 +19 14 +51 +86 + 69 +56 +71
CP G5.82 63.65 639 6442 65.79 G5.89 65.08 65.59
=69 +1.8 =18 +4.1 +9.7 =73 +6.8 =79
Ccv 61.04 55.12 55.18 57.01 6235 63.66 61.57 62.54
+104 +1.0 =13 6.3 +=123 +78 +8.5 +9.6

Mass balance of phosphorus

The phosphorus mass balance of shale units had P accumulated in a substrate from 70-93%. in
plants from 5-20% and in other component from 1-12%. The phosphorus mass balance i gravel-
sand units had phosphorus accumulated from 50-70%. in plants from 5-15% and in other
component from 11-50% as shown in Table 4 (a-¢) and Fig. 3. The researchers’ phosphorus
accumulated 1 a substrate from 60-85%, 1 plants from 5-20% and in other component from 1-20%
[8, 11] and plant uptake and harvesting phosphorus in orthophosphate from 3.00-12.00% and in
total phosphorus from 7.40-9.00% and orthophosphate in phosphorus form 1is the easiest for plant
uptake [27]. In Fig 3 for a first period 60 days phosphorus accumulated in plant tissue was less than
a second period because of its growth in Minimum percentage phase. During operational period of
120 days, 1t was found that the amount of phosphorus in plant tissues was increased. Because plants
need more nutrients to be grow in a poverty adjustment phase and in the operational a period of 180
days, the result showed that plant uptake of phosphorus decreased and constant because plant
growth was mature [15], in order to increase phosphorus removal efficiency for SF constructed
wetlands, the plant must be harvested every 3-4 months to uptake more nutrients for growth and
develop plant tissues. The result of phosphorus accumulated in a pilot scale using shale as a
substrate was found most for a first period of 60 days phosphorus accumulated in a substrate. In the
operational period of 120 days, it was found that phosphoms accummnlated m a pilof scale using
shale as substrate was decreased. especially in a pilot scale using sand and gravel as a substrate was
obviously seen decrease. Because of the plant uptake phosphorus for the growth and full adsorption
capacity: and in the operational a period of 180 days it was found that phosphorus accumulated in a
substrate was decreased. In pilot scale using shale as substrate with plants phosphorus accumulated
1 a substrate was less than in pilot scale using shale as substrate without plant because plants also
help to extract the phosphorus used for plant growth and the plants can reduce a chance of clogging

i SF constructed wetlands.
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Table 4 (a) Phosphorus mass balance P loading rate is 3.83 kg PO™ 4 day ' hec™

Pilot Praput Poutput Prian: Psubstrate Pother component
Scale g g % g % g % g %
S 13.09 231 8235 0.00 0.00 10.77 99.86 0.02 0.14
Sp 13.09 1.98 84.87 1.35 12.16 9.61 86.45 0.15 1.39
ST 13.09 2.02 84.57 1.13 10.24 8.97 80.99 0.97 8.78
SV 13.09 295 7746 0.48 4.58 8.98 86.14 097 9.28
cv 13.09 531 5943 0.53 7.31 6.20 86.02 0.48 6.68
CT 13.09 4.48 65.78 0.99 11.42 5.91 68.11 1.78 20.47
CP 13.09 3.97 69.67 0.71 8.41 5.87 69.84 1.83 21.74

Table 4 (b) Phosphorus mass balance P loading rate is 11.75 kg PO* , day " hec™

Pilot PIupm POut]mt Priane Psunstrate Poser component
Scale g g % g % g g %o
S 39.95 9.62 75.92 0.00 0.00 28.39 93.59 1.94 6.41
SP 39.95 7.08 82.28 3.52 10.71 25.83 78.60 3.51 10.69
ST 39.95 546 86.32 5.64 16.36 26.34 76.38 2.50 7.26
SV 39.95 831 79.20 2.95 33 27.71 87.59 0.98 3.09
v 39.95 13.70 65.71 2.96 11.29 18.31 59.73 4.98 18.98
Cr 39.95 13.23 66.87 4.70 17.59 1799 67.35 4.02 15.06
CP 39.95 13.02 67.40 2.62 9.73 18.29 67.92 6.02 22.36

Table 4 (c) Phosphorus mass balances P loading rate is 22.98 kg PO™ , day 'hec™

Pilot Pruput Poutput Priant Psubstrate Pother component
Scale g g Yo g Yo g g Y
S 75.84 20.75 72.64 0.00 0.00 50.61 91.87 448 8.13
Sp 75.84 11.35 85.03 11.49 17.82 47.19 73.17 5.81 9.01
ST 75.84 9.65 87.27 12.09 18.26 45.28 68.41 8.82 13.33
SV 75.84 17.51 7691 12.09 20.72 45.80 78.51 0.45 0.77
v 75.84 28.08 62.97 0.44 13.49 27.00 56.55 1431 29.90
CT 75.84 25.23 66.74 8.08 15.97 29.91 59.09 12.62 24.94
CP 7584 2463 G752 9.50 1856 2761 54.50 13.79 2694
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Data application

The results from phosphorus mass balance accumulated in shale can be applied for designing SF
constructed wetlands. The data of phosphorus removal by using shale as a substrate was analyzed
from linear equation; the data was plotted to graph a linear between the amounts of phosphorus
accumulated in shale (mg.g™) as the y-axis and a period of the operational as the x-axis as shown in
Fig.3. It was that found the k, (mg.g”’.d™") as value was obtained. It was the rate of phosphorus
removal by shale. The ke value of a pilot scale using shale as a substrate showed in Table 5 the
result for each pilot did not vary: it supported the result of phosphorus accumulated in shale
substrate. The data of phosphorus removal by plant was analyzed from linear equation; the data was
plotted to graph a linear between the amounts of phosphorus accumulated in plant tissue (mg.g™) as
the y-axis and a period of operational as the x-axis shown in Fig.4 it was found that the k; (mg.g’.d
') value was achieved. it was the rate of phosphorus removal by plant. The kp value of a pilot scale
using shale as a substrate showed in Table 5 the result for each pilot ST has a highest k;; it
supported the result of ratio phosphorus accumulated 1n constructed wetlands.
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Table 5 Rates of phosphorus removal by shale and plant.

Pilot Kk (mgg'dh k, (mgg'd’)
ST 0.00061 0.0672
sp 0.00062 0.0533
SV 0.00062 0.0546
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Fig. 4 Analysis of k; value of a pilot scale using shale as a substrate

The results from mass balance. k, value and k; value are to be applied for designing SF constructed
wetlands using shale as a substrate shown 1n equation (4) which calculates phosphorus removal by
two mechanisms: plant and substrate.
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QC,_-QC,,= Wk_+ \Vpk? (4
When Q — Wastewater flow rate (m'.d")
C = Phosphorus concentration input ('mg.lrt)

. -1
= Phospharus concentration output (mg.l )

D, = Density of shale = 2.65 g.cm_" (g.cm_j)

v = Volume of unit (m")

k, - rate of phosphorus removal by shale (mg.g™.d")

W, = Plant dry weight (g or kg)

D, = Plant density (plantm™)

A ~ Arca (m)

k, — rate of phosphorus removal by plant (mg.g d")
Conclusion

Shale is a potential substrate in constructed wetlands because of their high phosphorus adsorption
capacity. The mmportance of the selection of substrate with higher adsorption capacity combined
with good hydraulic definitely confirmed that cur constructed wetlands can apply a high loading
rate and has a long lifetime. In addition, the selection of substrate can reduce area and construction
costs because costs in substrate are 41.20% in almost construction costs [6]. Substrate plays the
greatest role of phosphorus removal in SF constructed wetland. These results could be applied to
design wetland systems. Plants play a minor role in phosphorus removal mechanism but plant
species could support phosphorus removal efficiency in constructed wetlands. In short term
phosphorus accumulated in a plant and in other components was small but in a long term,
phosphorus accumulated in a plant and other mechamsms conld extend the life time of substrate n

constructed wetlands.
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