o w = = 3‘ [l 9 9y o =S o 1 v W 4
ﬂ1§ﬂ']ﬁ]ﬂ“]51@ﬂ uae ﬁﬂl@ﬂuWﬂ"lﬂﬁﬂﬂfJﬂﬁﬂﬂﬂ%ﬂﬁ]uﬂ’)ﬂﬁﬁﬁuﬂ‘ﬂjwamai Hae DIUNUUUA

A o &
U INNADA NIYIULNT

a a 4 yd 1 : Y a a o a
'31/]fﬂuwu‘.liﬁlﬂuﬁﬂuﬁﬁﬂﬂl@\‘lﬂ?ﬁﬁﬂ‘]&ﬂﬂﬂJﬁﬁﬂq@i‘ﬂﬁiyﬂlTJﬂfJ']ﬁ1ﬁﬁﬂJWTUﬂ!"ﬂﬂ

9

a a sa a
AUIBINNAAS TUIAADY (AHE1V1I1)
Vadininedo 9aInIsiu1INg1ae

= =
Unsfnw 2550

g

AvAN5Y09INAINTBI NN



COD REMOVAL AND DECOLORIZATION OF DISTILLERY SLOP

BY ALUM WITH POLYMER AND ACTIVATED CARBON

Mr.Permsak Kanjanaboot

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Science Program in Environmental Science
Interdisciplinary Program
Graduate School
Chulalongkorn University
Academic Year 2007

Copyright of Chulalongkorn University



at - = o o o = - =t : ] o
MU0 INOITINUD AINIvA% 18 tay Ausninna laun1sanALNBUA WA U

= o« 1 a a o
Twawes uaz ownuiua

- o =
Tay WIUINNFANA MY IUYAS
ANAIVIIN Innmaas Aunadsy
PR o o = o
9191507150 TOIPNAATINGY AT. BITA AT ATDAY

w A = w o« = ar A o = @ 4 ' £
Tasaineds pnasnssiumInndeeylia lhivinntdnuiatuiidudiuniiaves

msAnmamangasUSyauminga

""3“"’"‘““’39/“" c  AMUATMNAINGIND

" o o - e o
(AY0FITATI9150 A3, 1.5.2. Nag1 ARANG)
ATNTTUMTABUINGIINUT

} rs =

#-"\:.. 4_\.,‘\..--.(’ m'k‘mﬁ—“-"ﬂ.
/ ) _ sEmunssunis
[} rd - o« - o
(AF0MaAAT19136 A3, NYING lariauum)
.AA“‘_??M&TT_“_”_“_mﬂsﬁﬁﬂ?nm
o - =
(593IFMITATIVISY AT, BITFH ATADAY)
L ASINUNS
4 g oo o
(30IPNAATINGY AT. TN INAFIUA)
Vé

[ i ey -
(A¥umans91sd as. Aaun gygnusaa)



a A" e o = =, u’ |

Mufnd Maauyas : Mimiaxlen uay dvenimndilasnisanaznoudly
o o 1 o o o

a3 duiy Indwed uag 91UANIUA (COD REMOVAL AND DECOLORIZATION OF

DISTILLERY SLOP BY ALUM WITH POLYMER AND ACTIVATED CARBON) 8. Ni5ny1:

SA.A5. BISA A3 A0, 129 M

: I : o oo - a w Sy - -
hmnduthniuden 1dnnlssnundagauag easanssed tmimaduvied i
= = - - - ar c’a = oar Jﬂu o A
gnitunsa uaziinnududuvealSinumsdunidgs Aniumsideiiiiaglszasfine
Y
Anvnlszaninmlumsans Fledvenimnd lasldasdusuduas Indwesvaelunis

L
anazneu wasAnulszansamlunmsaadvenhnmindrlasldmsgadnddrsauiuiug

2 1 s 4 ; H
Tuduneunisanaznaunud Yimaasduimnzauigalunisanaznewminin
1 @ 1= 4 d = = @ 1o
a1fie 84 niudedas NNty 10 uazlyas IndwesviialszyauSum 1.2 niudedaslay
Uszininmlumsidaslofdosns 32.23 nazdiadiovas 56.12

o w

¥ ¥
nniulgmsduimiums Indwes lunsanazneuthninduaz 1daufuniudga
o el 0

- " - o o - - e -3
aaranu Useaninmnisdiad Tealiniooas 58.11 uazilseansnmnissisaainilos

v 83.45

nnmnaaey o Ixmeunisgadai ansaesuie1dé e le Tsmeuuvuuaaiag
WU I R*=0.9972 1 17X, 111 -0.0025 uman@iu-Tnusasrensuauiutiug uag

1/bX,, iV 0.3143

v 4 1 o e d o -
MInAaeyuseiios IauussgauiuiuR Filrasorb 300 asludgadafuuma
o .y L d' (] o o 1= -l u’-rl o
msfleunhmaaiiiiumsiamdlednntuaeunisanazneudismsduasl ludiga
a a ' ' A o a )
anruuuna lasdase 1 Tnansunudeiiiesdred 08951015 Tna 0.498 ansded Tua iy
EY [ ¥ I
Aot NIMATINIZAVANVANYOIFUAIUANITUAN 30 60 90 1AL 120 FURWIAT WU

asonvadinina11d 13.94 19.92 29.88 uaz 37.85 Aas MUY Danuaanmms 19y

- a =y A aa 1 — A -
711 Qﬂﬂ']fnﬁﬂ;ﬁqu‘]ﬂﬁﬂu ﬂTUﬁﬂ"ﬂu’ﬁﬂ .......... i T v
Y158 aod fa e Y17 o/i—

MSANHEI 2550 DYUDYFODINITUNUINYI..... 0L LK OV ans—



## 4889114520: MAJOR ENVIRONMENTAL SCIENCE

KEYWORD: COD/DISTILLERY SLOP/ALUM/COAGULATION/ACTIVATED CARBON
PERMSAK KANJANABOOT: COD REMOVAL AND DECOLORIZATION OF
DISTILLERY SLOP BY ALUM WITH POLYMER AND ACTIVATED CARBON. THESIS

ADVISOR: ASSOC.PROF. THARES SRISATIT, Ph.D,129 pp.

Distillery slop is waste water from liquor and ethylalcohol factory. It contains brown or
black molasses which composed of acid and high concentration of organic substances. The
objective of this research is to study efficiency of COD removal from distillery slop using alum

with polymer and decolorization by activated carbon.

It found that the most suitable quantity of alum in the process for precipitation of
distillery slop is 84 grams per liter at pH 10 and using negative polymer is 1.2 grams per liter, that

give the efficiency of COD removal from distillery slop at 32.23% and decolorization at 56.12%.

After using the optimum dose of alum with negative polymer in the process for
precipitation of distillery slop and using activated carbon adsorption, the efficiency of COD

removal is 58.11% and decolorization 1s 83.45%

From testing in terin of color adsorption can explain by Langmuir isoterm that

R’ =0.9972, 1/X = -0.0025 platinum-cobolt per grams activated carbon and 1/bX = 0.3143.

The continual testing using Filtrasorb 300 activated carbon in column test and put
distillery slop which passed COD removal from precipitation by the optimum dose of alum and
negative polymer into column with flow rate at 0.498 liter per hour. At the depth. of activated
carbon 30 60 90 and 120 centimeters, the decolorization of distillery-slop bed volume is 13.94

19.92 29.88 and 37.85 liter at breakthrough point.

Field of study Environmental Science Student’s 51gnature !
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Academic year 2007 Advisor’s signature 7 W
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M5 2.4 pauauiavesouiuiud luiownain

Physical Properties and Specifications Atlas Calgon Calgon Westvaco Witco
Darco Filtrasorb Filtrasorb 8 x10 12 x40 517
300 400

Surface area, mz/g(BET) 600-650 | 950-1,050 | 1,000-1,200 850 850 1,050
Apparent density, g/cc 0.38 0.48 0.44 - - 0.48
Density, backwashed and drained Ib/ft 24 26 25 30 30 30
Real density, g/cc 3 3.1 3.1 - - -
Particle density, g/cc 0.67 1.3-14 1.3-1.4 1.4 1.4 0.92
Effective size - 0.8-0.9 0.55-0.65 0.90 0.65 -
Uniformity coefficient - 1.9orless | 1.9 orless 1.8 1.6 -
Pore volume, cc/g 0.98 0.85 0.94 - - 0.60
Mean particle diameter, mm 1.05 1.5-1.7 0.9-1.1 - - -
Sieve size (U.S. Std. Series)

Larger than no. 8-max. % 2 8 - 2 - -

Larger than no. 12-max. % 5 - 5 - 2 a

Larger than no. 30-max. % = 5 3 1 - a

Larger than no. 40-max. % 5 - 5 - 1 -
Todine number 650 900 1,000 850 850 -
Abrasion no. Minimum 3 70 75 70 70 85
Ash, % = 8 8.5 7 7 0.5
Moisture as packed, max. % - 2 2 2 2 -
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1.5

1.6
1.7
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mndwetlssnugiudaninludwiauasilgy
M3a319n2NOU (Coagulant) N1FluMINAaDIND 138N (Alum) N l4m Y
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233 Twﬁmawuﬂueu%e@uﬂ Gdb"éWlNﬂWiﬁ"l WEF-5000 U93U58N Water doctor

Co.,Ltd.
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2.4.1 msazaelmdenlaason lagd (NaOH)
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10 21 4.10 145,040 106,000 26.92
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10 21 YR 4.20 153,360 113,100 26.25
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10 21 WF-5311 (-) 4.20 153,360 111,500 27.30
10 21 WE-5811 (+) 4.22 153,360 115,640 24.59
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A pH Y | YSinadwdmes | s pH AICOD | A1 COD %ae | Usz@nsmw
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Standard curve. fqc Calibration Graph
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YUIAHADALA? 151103 f15azany MsazarenIa | Usinasiava
(W) dedraih wa) | laTaswa (ia) Fanan (a.) (va.)
16x100 2.5 1.5 3.5 7.5
20x150 5.0 3.0 7.0 15.0
25 x 150 10.0 6.0 14.0 30.0
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M pH Buda was | WBnamsda #1 COD 1hmna (mg/1) A A1 COD #aIMs 3y Uszanson
(M5%) anAzNOU (mg/l) lumsan
afafi1 | afafi2 | a¥efi3 afafi 1 a¥afi 2 afafi 3 afafi1 | a2z | edeis COD (%)
4.62 4.64 4.63 4.63 3 164,332 165,521 167,124 165,659 151,360 | 155,293 154,987 | 153,880 7.11
4.62 4.64 4.63 4.63 6 164,332 165,521 167,124 165,659 143,562 | 143,164 145,865 144,197 12.95
4.62 4.64 4.63 4.63 9 164,332 165,521 167,124 165,659 138,857 | 138,450 140,653 139,320 15.90
4.62 4.64 4.63 4.63 12 164,332 165,521 167,124 165,659 | 136,992 | 140,250 | 139,458 | 138,900 16.15
4.62 4.64 4.63 4.63 15 164,332 165,521 167,124 165,659 | 136,322 | 137,958 | 138,760 | 137,680 16.88
4.62 4.64 4.63 4.63 18 164,332 165,521 167,124 165,659 | 135,894 | 138,932 | 139,120 | 137,982 16.70
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a1 pH 1mnan | Sine A1 pH H8amMsAnATnNo A A1 COD 1Mnan (mg/) A A1 COD HAIMIANAZNOU g Uszans
fowANmsdyn | asau (mg/l) Mulums
05w | adai ataii ataii afan1 | adei2 | a3 afafi1 | afafz | nei3 an COD

(%)

4 15 3.12 3.17 3.19 3.16 166,360 | 164,352 | 166,265 | 165,659 | 124,768 | 122,360 | 123,498 | 123,542 14.82

Control (4.61) 15 3.30 3.48 3.48 3.42 166,360 | 164,352 | 166,265 | 165,659 | 123,598 | 120,982 | 118,822 | 121,134 16.48

6 15 3.65 3.80 3.77 3.74 166,360 | 164,352 | 166,265 | 165,659 | 122,392 | 121,365 | 117,833 120,530 16.90

8 15 3.82 4.00 4.06 3.96 166,360 | 164,352 | 166,265 | 165,659 | 120,486 | 120,657 | 118,257 | 119,800 17.40

9 15 4.10 4.20 4.18 4.16 166,360 | 164,352 | 166,265 | 165,659 | 120,125 | 120,323 | 117,752 | 119,400 17.68

10 15 4.35 4.45 4.43 4.41 166,360 | 164,352 | 166,265 | 165,659 | 117,653 | 115,698 | 115,909 | 116,420 19.73

11 15 5.05 5.25 5.24 5.18 166,360 | 164,352 | 166,265 | 165,659 | 121,134 | 118,364 | 119,182 | 119,560 17.57

12 15 6.80 7.05 7.12 6.99 166,360 | 164,352 | 166,265 | 165,659 | 125,987 | 123,562 | 124,386 | 124,645 14.06
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a1 pH 1mnan | Sina A1 pH H8amMsnnATnNo inad A1 CoD shnnan (mg/l) A A1 COD HAIMIANAZNON g szans
MOMIANENIAN | anIaN (mg/l) Mnlums
@3 | a¥e afafi2 | ki3 afafi1 | aYafi2 | adei3 afafi1 | adaiz | adaiis an COD
(%)

10 3 7.60 7.71 7.67 7.66 143,562 | 146,018 | 145,540 | 145,040 | 131,240 | 135,363 | 135,154 | 133,919 7.67
10 6 6.05 6.20 6.32 6.19 143,562 | 146,018 | 145,540 | 145,040 | 127,865 | 131,614 | 129,156 | 129,545 10.68
10 9 5.28 5.35 5.36 5.33 143,562 | 146,018 | 145,540 | 145,040 | 123,024 | 125,693 | 125,614 | 124,777 13.97
10 12 4.76 4.86 4.87 4.83 143,562 | 146,018 | 145,540 | 145,040 | 120,013 | 123,685 | 119,542 | 121,080 16.52
10 15 4.40 4.52 4.52 4.48 143,562 | 146,018 | 145,540 | 145,040 | 114,856 | 119,637 | 114,611 | 116,368 19.77
10 16 435 441 4.41 4.39 143,562 | 146,018 | 145,540 | 145,040 | 111,653 | 115,632 | 111,715 | 113,000 22.09
10 17 4.30 4.35 431 4.32 143,562 | 146,018 | 145,540 | 145,040 | 115,982 | 119,478 | 115,540 | 117,000 19.33
10 18 4.22 4.28 428 4.26 143,562 | 146,018 | 145,540 | 145,040 | 109,243 | 112,324 | 110,353 | 110,640 23.72
10 19 4.15 4.20 4.16 4.17 143,562 | 146,018 | 145,540 | 145,040 | 109,768 | 112,563 | 110,129 | 110,820 23.59
10 20 4.10 4.16 4.13 4.13 143,562 | 146,018 | 145,540 | 145,040 | 108,364 | 111,987 | 107,369 | 109,240 24.68
10 21 4.07 4.12 411 4.10 143,562 | 146,018 | 145,540 | 145,040 | 104,987 | 108,652 | 104,361 | 106,000 26.92
10 22 4.08 4.12 4.04 4.08 143,562 | 146,018 | 145,540 | 145,040 | 113,896 | 119,346 | 114,758 | 116,000 20.02
10 23 4.05 4.10 4.03 4.06 143,562 | 146,018 | 145,540 | 145,040 { 123,963 | 128,651 | 127,546 | 126,720 12.63
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A pH mnen | Siner | wiiaves Tna A1 pH 19amMs mas | M CODMmna (mgl) |  mad A1 COD HAIMIANAZNON g Uszansom
MOMANMIEN | asdu | 1me3 (Wil ANAZNOU (mg/l) lumsan
("5%) W3) afafi1 | adaii2 afadi 1 afaii 2 afaii 1 adafi 2 COD (%)
10 21 PHERY 421 4.19 4.20 152,624 154,096 153,360 111,500 114,700 113,100 26.25
10 21 WEF-5000 (£) 4.25 4.23 4.24 152,624 154,096 153,360 110,998 114,282 112,640 26.55
10 21 WF-5311 (-) 422 4.21 4.20 152,624 154,096 153,360 110,100 112,900 111,500 27.30
10 21 WF-5811 (+) 4.23 4.21 422 152,624 154,096 153,360 114,233 117,047 115,640 24.59
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M pHmaah | Yiina | PSinadwdmed M pH 1833 wag | A CODImna (mgl) | wde A1 COD 1aIMsAnAznNou e Uszansmm
fOMIANENSAN | enTaw WF-5311(-) ANAZNOU (mg/l) lumsan
(n3N) "3%) afaii1 | a¥eiiz adafi 1 aafi 2 ataii1 adafi 2 COD (%)
10 21 PHERY 4.20 421 4.19 144,988 147,012 146,000 104,871 109,835 107,353 26.47
10 21 0.2 4.20 421 4.19 144,988 147,012 146,000 105,584 108,112 106,848 26.81
10 21 0.3 421 4.19 4.20 144,988 147,012 146,000 98,636 101,564 100,100 31.44
10 21 04 4.19 4.17 4.18 144,988 147,012 146,000 104,826 107,012 105,919 27.45
10 21 0.5 421 421 4.21 144,988 147,012 146,000 104,806 108,232 106,519 27.04
10 21 0.6 421 4.19 4.20 144,988 147,012 146,000 107,719 109,351 108,535 25.66
10 21 0.8 4.20 4.18 4.19 144,988 147,012 146,000 111,473 114,033 112,753 22.77
10 21 1.0 4.19 4.21 4.20 144,988 147,012 146,000 111,656 114,878 113,267 22.42
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o A a A v o d
wamsantadaiinasion1sgananve e 1uNNTUA Filtrasorb 300
HANMIANBIDNTNAVDY Ty ADNITAAAARY

v Y '
A1519% 4.1 Uszansnumsmaad@inmaa1nie a1 9 (1NRaNInaass 3.2.3.2)

Snaenunn | pH Sudu pH game i AndEE Y (P-Co) A anudaEfimae (Pt-Co) Ay msmana

STUAF 300 (2) aafi 1 adafi 2 asaii1 adafi 2 adafi 1 adafi 2 (%)
0.5 hh 4.5) 6.50 6.52 6.51 122,390 128,956 125,673 38,458 41,682 40,070 68.12
0.5 2 2.05 2.17 2.11 122,390 128,956 125,673 89,880 92,256 91,068 27.54
0.5 3 4.08 4.20 4.14 122,390 128,956 125,673 87,564 90,928 89,246 28.99
0.5 4 5.30 6.10 5.70 122,390 128,956 125,673 46,532 51,820 49,176 60.87
0.5 5 7.01 7.11 7.06 122,390 128,956 125,673 40,441 43,341 41,891 66.67
0.5 6 7.24 7.30 7.27 122,390 128,956 125,673 51,270 54,368 52,819 57.97
0.5 7 7.44 7.50 7.47 122,390 128,956 125,673 57,980 62,228 60,104 52.17
0.5 8 7.92 8.02 797 122,390 128,956 125,673 113,243 119,889 116,566 7.25
0.5 9 8.30 8.56 8.43 122,390 128,956 125,673 115,870 120,906 118,388 5.80
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WSunaeunn | pH Sudu pH gamg ma AaloAEud (mg/l) DAy a1 Aoanivao (mg/1) A msnaa
SUAF 300 (g) afaii1 | na¥eii2 avafi1 avafi 2 afafi 1 afaii 2 Fod
(%)
0.5 o 4.5) 6.50 6.52 6.51 102,563 110,685 106,624 68,250 72,646 70,448 33.93
0.5 2 2.05 2.17 2.11 102,563 110,685 106,624 73,981 74,531 74,256 30.36
0.5 3 4.08 4.20 4.14 102,563 110,685 106,624 69,240 71,656 70,448 33.93
0.5 4 5.30 6.10 5.70 102,563 110,685 106,624 70,584 74,120 72,352 32.14
0.5 5 7.01 7.11 7.06 102,563 110,685 106,624 62,356 67,116 64,736 39.28
0.5 6 7.24 7.30 7.27 102,563 110,685 106,624 66,982 70,106 68,544 35.71
0.5 7 7.44 7.50 7.47 102,563 110,685 106,624 70,563 74,141 72,352 32.14
0.5 8 7.92 8.02 7.97 102,563 110,685 106,624 77,341 82,595 79,968 25.00
0.5 9 8.30 8.56 8.43 102,563 110,685 106,624 87,952 91,024 89,488 16.07
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A15199 4.3 Yszansmmmsmidadihmaainaduiga1ee (MIRanIsnaasd 3.2.3.3)

LY na pH udhs A pH gag 1nag amidaEE U g anuduETimae mag | mImsa
gudTua | anm) (Pt-Co) (Pt-Co) a

F 300 (g) afaii1 | a2 aYai1 | asan2 afai1 | a2 afaii1 | a2 (%)
0.5 0 4.70 4.60 4.65 4.85 4.79 4.82 143,654 | 147,762 | 145,708 | 141,286 | 146,488 | 143,887 1.25
0.5 5 4.70 4.60 4.65 5.03 491 4.97 143,654 | 147,762 | 145,708 | 138,154 | 142,334 | 140,244 3.75
0.5 10 4.70 4.60 4.65 5.30 5.18 5.24 143,654 | 147,762 | 145,708 | 120,563 | 138,069 | 129,316 11.25
0.5 15 4.70 4.60 4.65 5.72 5.58 5.65 143,654 | 147,762 | 145,708 | 86,257 88,593 87,425 40.00
0.5 30 4.70 4.60 4.65 6.32 5.90 6.11 143,654 | 147,762 | 145,708 | 52,673 56,609 54,641 62.50
0.5 60 4.70 4.60 4.65 6.60 6.52 6.56 143,654 | 147,762 | 145,708 | 43,982 47,086 45,534 68.75
0.5 120 4.70 4.60 4.65 6.95 6.63 6.79 143,654 | 147,762 | 145,708 | 39,645 44,137 41,891 71.25
0.5 180 4.70 4.60 4.65 7.10 6.90 7.00 143,654 | 147,762 | 145,708 | 40,125 47,299 43,712 70.00
0.5 240 4.70 4.60 4.65 7.15 6.89 7.02 143,654 | 147,762 | 145,708 | 40,125 47,299 43,712 70.00
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LY na pH udhs A pH gae 103 i 3o Sud g M Fleanman mag | mImsa
g | () (mg/l) (mg/)) Fon
F 300 (g) afaii1 | ated adai afafi 2 asai1 | aafi2 afaii1 | a2 (%)
0.5 0 4.70 4.60 4.65 4.85 4.79 4.82 98,257 | 103,087 | 100,672 | 94,890 98,710 96,800 3.85
0.5 5 4.70 4.60 4.65 5.03 491 4.97 98,257 | 103,087 | 100,672 | 93,560 96,168 94,864 5.77
0.5 10 4.70 4.60 4.65 5.30 5.18 5.24 98,257 | 103,087 | 100,672 | 83,982 86,386 85,184 15.38
0.5 15 4.70 4.60 4.65 5.72 5.58 5.65 98,257 | 103,087 | 100,672 | 77,689 81,063 79,376 21.15
0.5 30 4.70 4.60 4.65 6.32 5.90 6.11 98,257 | 103,087 | 100,672 | 74,126 76,366 75,246 25.26
0.5 60 4.70 4.60 4.65 6.60 6.52 6.56 98,257 | 103,087 | 100,672 | 64,128 67,520 65,824 34.62
0.5 120 4.70 4.60 4.65 6.95 6.63 6.79 98,257 | 103,087 | 100,672 | 62,123 65,653 63,888 36.54
0.5 180 4.70 4.60 4.65 7.10 6.90 7.00 98,257 | 103,087 | 100,672 | 62,123 65,653 63,888 36.54
0.5 240 4.70 4.60 4.65 7.15 6.89 7.02 98,257 | 103,087 | 100,672 | 60,367 63,537 61,952 38.46
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o I v A
Aurauduasil
funnihdavesneauii (A)  ={D/4
=9(0.023)" /4
=415x10" m’
Ysmasaedni(v =(4.15x10 m)x 1.2m=495x 10" m’
8131135 Wa(Q) = §n3IMINTBAV) x NUNHINAAADELI(A)
Q = VXA

vx(@4.15x10 ' m)=415x10"v

v Y 3 o )
A04MI M UNAUNVAN 1 %2 139

auly nawnuine = 1Usmasaeaui (V) /895103 ba (Q)
lhr =495x10" m’

(4.15x 107 v)
(4.15v) “=4.95/1 m’

V=495 =120 m’/m -hr (%30 m/hr)
415
1N Q =vxA
=1.20 m/hr x (4.15 x 10-4 m2)
=498 x 10" m'/hr

Y30NY = 0.0083 L/min

Y Y
*@aiua21939 flow Tagldnszuonaie 1w 1deslva 8.30 ml
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yimiin pH mwdudsudy | mowdud | anwdudiigaauaa | anududn | was AW XM /XM | 1/Ce | Log | LogCe
Rl (Pt-Co) Sudumie (Pt-Co) ﬂﬂﬁuﬂmﬂéﬂ 111479 Wan | (eco/ X/ M

(M) | Inl | Outl | In2 | Ou2 adeit 1 | adeit2 Adeit 1 At | Ce L(Pt-Co/l) i A | g.carbon)

(Pt.Co) 18
0 464 | 471 | 47 | 473 | 87425 | 76497 81,961 87,425 76,497 81,961.00 163.92 - - - - - -

001 | 464 | 483 | 47 | 471 | 87425 | 76,497 81,961 69.211 61,926 65,568.50 131.14 | 3278 | 3,278.00 | 0.0003 | 0.0076 | 3.5156 | 4.8167
0.02 4.64 4.86 4.7 4.86 87,425 76,497 81,961 60,105 54,641 57,373.00 114.75 49.17 2,458.50 0.0004 | 0.0087 | 3.3907 4.7587
0.04 4.64 497 4.7 491 87,425 76,497 81,961 52,819 49,176 50,997.50 102.00 61.92 1,548.00 0.0006 | 0.0098 | 3.1898 4.7075
0.1 4.64 5.50 4.7 5.33 87,425 76,497 81,961 47,355 41,891 44,623.00 89.25 74.67 746.70 0.0013 0.0112 | 2.8731 4.6496
0.2 464 | 607 | 47 | 571 | 87425 | 76497 81,961 34,606 27,320 30,963.00 61.93 101.99 | 509.95 | 0.0020 | 0.0161 | 2.7075 | 4.4908
0.4 464 | 677 | 47 | 681 | 87425 | 76497 81,961 27,320 20,035 23,677.50 4736 | 11656 | 291.40 | 0.0034 | 0.0211 | 2.4645 | 43743
1.0 4.64 7.37 4.7 7.20 87,425 76,497 81,961 18,214 12,749 15,481.50 30.96 132.96 132.96 0.0075 0.0323 | 2.1237 4.1898
2.0 4.64 7.62 4.7 7.71 87,425 76,497 81,961 12,749 7,285 10,017.00 20.03 143.89 71.95 0.0139 | 0.0499 | 1.8570 4.0007
4.0 4.64 8.10 4.7 8.10 87,425 76,497 81,961 7,285 3,643 5,464.00 10.93 152.99 38.25 0.0261 0.0915 1.5826 3.7375
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a1 §Tu9) Hugendums | Ysuesounu Bed Volume ANMVVE (191) pH (000) ANUTNE (000) | MIAAT (%)
1119 (@n3) 4 (309) (BV) (Pt-Co) (Pt-Co)
1 0.498 0.420 1.19 837.82 7.63 54.64 93.48
2 0.996 0.420 237 837.82 7.62 65.57 92.17
3 1.494 0.420 3.56 837.82 7.68 80.14 90.43
4 1.992 0.420 4.74 837.82 7.58 94.71 88.69
5 2.490 0.420 5.93 837.82 7.59 105.64 87.39
6 2.988 0.420 7.11 837.82 7.54 120.21 85.65
8 3.984 0.420 9.49 837.82 7.30 163.92 80.43
10 4.980 0.420 11.86 837.82 7.22 218.56 73.91
12 5.976 0.420 14.23 837.82 7.20 284.13 66.09
14 6.972 0.420 16.60 837.82 7.17 324.20 61.30
16 7.968 0.420 18.97 837.82 7.15 382.48 54.35
18 8.964 0.420 21.34 837.82 7.07 440.77 47.39
20 9.960 0.420 23.71 837.82 6.86 495.41 40.87
24 11.952 0.420 28.46 837.82 7.09 542.76 35.22
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nan (1) dudefruns | USnasausu Bed Volume AMANE (19) pH (900) ANUAVE (00N) | MIMIAT (%)
1ia (@a3) Tud (@a9) (BV) (Pt-Co) (Pt-Co)
1 0.498 0.560 0.89 837.82 7.67 29.14 96.52
2 0.996 0.560 1.78 837.82 7.66 40.07 95.22
3 1.494 0.560 2.67 837.82 7.70 54.64 93.48
4 1.992 0.560 3.56 837.82 7.72 69.21 91.74
5 2.490 0.560 4.45 837.82 7.58 87.42 89.57
6 2.988 0.560 5.34 837.82 7.47 98.35 88.26
8 3.984 0.560 7.11 837.82 7.37 127.49 84.78
10 4.980 0.560 8.89 837.82 7.35 174.85 79.13
12 5.976 0.560 10.67 837.82 7.26 218.56 73.91
14 6.972 0.560 12.45 837.82 7.25 258.63 69.13
16 7.968 0.560 14.23 837.82 7.21 309.63 63.04
18 8.964 0.560 16.01 837.82 6.88 356.98 57.39
20 9.960 0.560 17.79 837.82 6.94 400.70 52.17
24 11.952 0.560 21.34 837.82 6.82 448.05 46.52
28 13.944 0.560 24.90 837.82 7.12 491.76 41.30
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32 15.936 0.560 28.46 837.82 7.04 531.83 36.52
36 17.928 0.560 32011 837.82 6.79 564.62 32.61
40 19.920 0.560 S irres 837.82 6.82 597.40 28.70
44 21.912 0.560 39.13 837.82 6.55 626.54 25.22
48 23.904 0.560 42.69 837.82 5.95 655.69 21.74
52 25.896 0.560 46.24 837.82 5.25 688.47 17.83
56 27.888 0.560 49.80 837.82 5.07 717.61 14.35
60 29.880 0.560 53.36 837.82 4.80 739.47 11.74
64 31.872 0.560 56.91 837.82 4.78 764.97 8.70
68 33.864 0.560 60.47 837.82 4.74 790.47 5.65
72 35.856 0.560 64.03 837.82 4.74 805.04 391
76 37.848 0.560 67.59 837.82 4.64 834.18 0.43
80 39.840 0.560 71.14 837.82 4.63 834.18 0.43
84 41.832 0.560 74.70 837.82 4.64 837.82 0.00
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