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ABSTRACT

This study is about management of excess sludge from activated sludge
wastewater treatment system of concentrated latex industry. The study aims to find the suitable
usage and effective management process for the excess sludge. The results showed that activated
sludge technology has been increasing for wastewater treatment in the concentrated latex factories
in the South of Thailand. However, there are the problems due to excess sludge management from
the activated sludge which need to be developed. With investigation, the excess sludge from
activated sludge wastewater treatment system of concentrated latex industry generation rate was
determined as for 3.1 ton/day (average value). The excess sludge had a low C/N ratio and
contained TKN, P, and K with the average values of 8.0, 2.0, and 1.0 % dry basis, respectively.
Moreover, the excess sludge had a high Zn. There is potential of chemical used for sludge
conditioning. From the result of experiments, applying alum 0.1 g/1 L sludge mixed with
polyacrylamide with 0.1 g/1 L sludge sludge at pH 8 indicated that the capillary suction time and
specific resistance is that the best conditions of chemical used for sludge conditioning.

Concerning biological sludge treatment for recycling by Biochemical Methane
Potential (BMP), in term of biogas production in 30 days, the results showed that the excess
sludge from activated sludge process experiment without chemical used in sludge conditioning,
(A1), could produce biogas yield and methane yield with maximum rate of 0.163 m’ biogas/1 kg

VS, nova and 0.081 CH,/kg VS respectively. In addition, the investigation on the possible use

removal®
of the obtained compost products as fertilizer on plant growth was conducted. These experiments
were set up with high MC and low C/N ratios, with ranges of 3.2:1 to 5.9:1 of composting of

excess sludge from concentrated latex factories. The composting experiments were investigated

based on test conditions of different compost materials used (mixture of excess sludge, ash, and



®)

coconut husk) , with and without aeration, as well as with and without seeding. The slow
decomposition of OC occurred during 90 days composting. The results indicated that the
composting of mixtures of excess bio-sludge, ash, and coconut husk with and without seeding and
aeration made compost products compliant with Thai organic fertilizer standards, especially in
terms of pH, P,0,, K,O0, As, Cd, Cr, Cu, Pb, and Hg, but not for MC, OM, electrical
conductivity and germination index. With the results tested on plant growth, the possibility of
the use of compost products as fertilizer as experimented with marigolds, illustrated that
compost products from a mixture of excess bio-sludge, ash, and coconut husk without seeding
and aeration had potential to be used as fertilizer which was equivalent to 15:15:15 chemical

fertilizer, in particular in terms of plant height increase rate and numbers of flowers achieved.
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very mature mature immature
- fimsuuile’laa - Timsunile lutimsvudlovaina a4
A A a a A < A a A <
- ifinau - wawaa lulnaumLu NANAANN AU
[P=1 @ =\ o w [ =Y < a
- lifimsaanedn - ApseiTadnenIN U nAnenmaNuiuiyge
1 A < a Y
RGN aNuluniytios
(=Y =\ < 9 1 =1 1 A v o w
- lhifidpenmueinny - AanIENUEANT8AD Unanszgnuegiiiedinny
I a A { 1 A {
iy TuTasuluaunng a0 TuTasuluaunies
11114 1114

o1 . Y v vy
UYL : stability ED) maturity aunsalanula

11 : California Compost Quality Council (2001)

9y =2 [

{ 1T (Z { 1 14
@1‘51\1ﬁ 1.5 ﬂ1@1°]5ﬁ"l]@x‘l@]7]!,l,ﬂiﬁSl,‘lﬁﬁ‘]JiNi&’ﬂﬂﬂ1§gﬂﬂ®ﬂﬁﬁ?ﬂ@1hlﬂm"VI"]J?N California

Compost Quality Council

]

STAUYRINIIGNERLAAY

I5N1IIN
very mature mature immature

ngu A
OUR Test O,/unit TS/hr <0.4 04-13 >13
SOUR Test O,/unit BVS/hr <05 05-15 >15
CO, Test C/unit VS/day <2.0 2.0-8.0 > 8.0
SCL CO, C/unit VS/day <2.0 2.0-8.0 > 8.0
WERL CO, C/unit VS/day <5.0 5.0-14.0 >14.0
Dewar Temp. rise (C) <10 10-20 >20
Solvita® Index value 7-8 5-6 <5
291 B
NH,- : NO,-N , ,

Taifinmine <05 0.53.0 >3.0
Ratio*
Total NH,-N ppm, dry basis <100 100 - 500 > 500
VOA ppm, dry basis <200 200 - 1000 > 1000
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Compost Quality Council (A0)

STAUVRINIgNERL A

IEmsda 1iH2e
very mature mature immature
Seed Germination % of control** > 90 80 -90 <80
Plant Trials % of control >90 80 -90 <80

=

weme - * fluilemind NH, w50 NO, agluszaus (oon1 250 ppm) SATIEIUUDINTT

[
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o TH)

v o =} =)

¢ MIAIUANANRUT AU UNBI0E19RY) D ?hﬁ“l%’ﬂgﬂwsvﬂizmq

OUR Test = Oxygen Uptake Rate (8031015 1500n%191)

SOUR Test = Specific Oxygen Uptake Rate (875103 1¥00nFauuuuiiiay)
SCL = Soil Control Laboratory (Aufinuau Tasdesdfians)

WERL = Woods End Research Laboratory

Dewar = Minadouguuginnuiouluifewmin

VOA = volatile organic acids (ﬂﬁﬂauﬂ% §321% )

111 : California Compost Quality Council (2001)
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131%00n%H19U (anaerobic bacteria) 2 NQu Ao YauNIsa3 19 lmunazf luadelimu wlaou

a A A A 1 Y I A d o Aaaa = =\ A a
arsounIent luanalvugq Iillulaanandanas Tagerdel §nse1suall 1onan
%) . i~ Y I J @ : o J
MEBFINN (biogas) NIMsTmMuiuendszneunan Feanuisarillldlse Tewiae 1148
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dmSunszuirunisdesdalonuy 150101l aw1s0uUaTuABUNS

a aan I g‘./ { a
malnsenlailu 3 duneu (mmilszneuh 1.1) Ao nszuiunslelaslaga nszuaums

Y Yy A = 2 o &
AINNTA NTTUIUMITTINUNY (Metcalf and Eddy, 2004) Iﬂﬂuﬁ&lﬁzmﬂﬂﬂﬁu

[ Lipids ][ Polysaccharides ][ Proteins ][ Nucleic acids ]

A 3
[Farly acids ] Monosaccharides IAmlmacicls Purines and
pyrimidings

NN

Other fermentation preducts
(2.g. propionate, butyrate, lactate, ethanol

MW=mMZMAOOU—-—0r W—-—W<rOIJIO<I

(Ha, CO,, formate, methanal,

Methanogen substrates
methylamines, acetate)

w=umzmao-AmMmore

Methane and carbon dioxide
[CH, + CO,)

wWTOmMZMEAOQZrI-mMm=

Asznoud 1.1 ﬂiz’lJ’J‘L!ﬂﬁfJ"t’)EJZ‘TfﬂEJLL']J’]J]l%}’EJTﬂTﬁ

IR Wang ef al. (2009)

g’J H < g’} N 9 1
Yuaoui 1 nszuIumsialaslada (hydrolysis) i uduaouNAaUULND

aaearsounsdneglugdTuanalva wu Tsdu arsTulamsa vag v Wudu 1%
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< ' o s A A A J o Y Y < ' o w
\‘]lﬂuﬂ']@nﬁ@ﬂ ﬂﬁ@\‘]Mﬂ'}lﬂi']zc”ﬂ'lu'ﬁﬂ@]i’ﬁ]jﬂulﬂ llﬁﬂ\‘]ﬁlcﬁlfﬁu’J']ﬂ']ﬂﬂgﬂ’f)u%']ﬂﬁgﬂu1j’]ﬂ@

Q

K- Toe

oe
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mu,?*fsu,muLmﬂﬁmmaammmq@]amﬂﬁnmﬂwﬁuﬁmiﬂ‘%mmmmg%’wﬁ’umm Zn, Al Llag
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Mg Tuilsunage Felangminndudleusdluninazneudsnaruiiesninlurduasiing
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zil % d‘d 9 a v W 1 =<
Yudlouveslangminnimslrnulussuunmsnas uaz Janeminaina1nausagngatu
a o g’/ 4 { a2
IAdenmnaznoudiuia (Wa1agaunio) (Dhokpande, ef al., 2014) N911NN15N Zn TS
: ~ 2 a o ¢
guilenniinis1d zno lunszurumswamirensdu lasnaulumaszmsalngusn lada s
% g o o 3 o
(tetramethy] thiuram disulphide: TMTD) aidena1sazatotiin TZ dwmsulFlumsnusnu
3 a . a 4 =4
W18191UNTLUIUNITHAN (Danteravanich, et al, 2007, 35175 10nU52ANT, 2543) HON 1N
4 %’ o a a a 14 - .
Mg o1 uwdlounni sy uag ALINANINMTIANNDAINDT (Polyaluminium chloride: PAC)
2 o X 2
Tuduaoumsauiiosnseanninmniuilaveslsenu
b4
NAMTIATIEH AN BT MUATYeININATABUINTT UYL AN 1 BuL Y
a g v @ ¥ Y A A A = '
HENALIAATAATVDI 15311819 0Y Ne1vlKaInms)asunatvesggmaniners wun
1 [ U a 4
99N1ANIAYNINAADANHULNINAZNDUNIUATIANIZAT TKN, VS 1ag ash HAIATIZHNI
1 1 Y
a0a ueaasluais19i 3.4 u@nu31 A1 P, K, OM, OC, Na, Ca t1a¢ Zn luninaznauiinadiu
1 1 = = = as =) 1 1 o dﬂl 'd' o
senanutanianazniadnatdsuia luuana19nu wenvinililerininazneu 1y
a o Y] a { 1
Ansizi langwiin 6 ¥ia A AS, Cr, Cu, Cd, Pb 11ag Hg (Yoyananslua1siei 3.5 wum
4 o 1 o 3 v 2 o o v 3
wenSeuieunumuasgiuijeninvesIne aznewindemariiTaneminns 6 andu’ll
' + y 1 o o = ~ o A =
awamasgutenidn edrslsnawanyausmuniivesninaznouiinanininiinei 3.4 1
Y 1 Iy A 13 Y v ¥ o R X =
PodunaNUIVUTNIUTI90IMITFI HANN Zn g9a28 AIUUAITMIIDINANTENY HINKNS

mnagnouli1Hse Teni Taomwg lums 1 u Saqwiineiie

d‘ % 1 a o o ?)I
A15197 3.4 aNHULNNNIENINUAIANUBININAZNBUFIUNUINTE VU TAUUT oY D

a < v ¥
l,l,@ﬂ@lmmﬂﬁa@ﬂﬂl@ﬁ@l@ﬁ'lﬁﬂiiuu181\1"ﬁ}u

U U \ =) = U | \ = a U | g.’l
Medereitania M981939n3AlnA MIVYWNTNKINA

Wniines
Range Mean+SD Range Mean+SD Range Mean+SD

Density
X 1.15-1.27 1.1940.17 0.77-1.17 0.97+0.16 0.77-1.27 1.03+0.17
(ton/m”,wet basis)

pH 6.25-8.21 6.86+0.57 6.25-7.19 6.71+0.33 6.25-8.21 6.85+0.50
MC (%) 88.9-90.7 89.5+1.0 87.5-89.0 88.2+0.48 87.5-90.7 88.5+0.84
TKN (% dry basis) 1.8-11.1 6.0+4.0° 8.5-11.5 10.3+1.21 1.8-11.5 8.0+3.7
P (% dry basis) 0.87-4.5 2.4+1.3° 1.3-1.9 1.6+0.20 0.87-4.5 2.0+1.0
K (% dry basis) 0.56-2.5 1.2+0.64° 0.70-0.95 0.81+0.09 0.56-2.5 1.0+0.49
VS (% dry basis) 22-86 59+25.5° 71-87 83+6.19 22-87 70+21.9

Ash (% dry basis) 14-78 41425.5° 13-29 1746.16 13-78 30+21.9
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' 1 a o £ 90’
AT 3.4 ANHULNWMINNUAZIATUDININAZNOUFIUNUIINTZVULTTAUNT oV

a 1< v J ¥ 1
LL’E]ﬂ@llﬂl@lﬂﬁaﬂ%ﬂl@\?@ﬂﬁWWﬂﬁﬁuu'lfJNﬂTu (919)

U U 1 a\ = U 1 1 = a U 1 g‘)
Meegnruilania MeeN9renInlnd AIDEYINNNTING

ndimes
Range Mean+SD Range Mean+SD Range Mean+SD

OM (% dry basis) 32-62 47+9.68" 40-63 47+7.29 32-63 47+8.40
OC (% dry basis) 19-36 27+5.62° 23-37 27+4.23 19-37 27+4.87
Na (mg/kg, dry basis) 201-406 316+105° 208-456 344481 201-456 337+1.34
Ca (mg/kg, dry basis)  1101-1297 1207+99" 911-5848  1890+1822  911-5848  1719+1585

Zn (% dry basis) 0.22-7.16 3.31+1.81° 1.72-3.19 2.70+0.56 0.22-7.16 3.01+1.34

NG " HAAIANVLANANNNADANIZAY P <0.05 YDIAIDEINALNOUNINAINAITNTAY
AuggNIa

LAY IUANA TN NADANTEAY P <0.05 U0I208199ZNDUNNAINNT

ﬂ%ﬂﬂ"lx‘lﬁﬂJi]{jﬂWﬁ

{ @ { J a o W a I v
Gﬂi'l\?ﬁ 3.5 ﬂ‘%mmTamwuﬂmﬁfflumﬂmﬂaumumumﬂizuumummuuaﬂmmmﬁa@m

Wines YIanadarizniin
As (mg/kg dry basis) 0.305
Cr (mg/kg dry basis) 7.94
Cu (mg/kg dry basis) 15.74
Cd (mg/kg dry basis) 0.652
Pb (mg/kg dry basis) 6.96
Hg (mg/kg dry basis) <LD

UL LD = limit of detection, LD U84 Hg 9 0.01 mg/kg (dry basis)

3.3 WamIm conditioning ManAVINNNZNOUABANINEINITONSI01I00N (dewatering)

331  an¥azvaINnNAznounltinaasy

v ]
A

mMsfny1afsnavesmsainlFlumsdSuammmaniivesmans nound
wagen I solunisueniininaznoudion1sanyiTasld buchner funnel test 1145
Usziliuanm specific resistance 48 capillary suction time (CST) E‘?”I‘Vi%‘]Jﬂﬁﬁ]ﬂﬂiJﬁTiJ”lSﬂ
MIUEAT9IANINAZADY HiBN1T3A1N9DNINATAOY FININATNBUAILAUIINTZY

a 3 v 2 { o ! ' v
LlﬂﬂﬂlﬁlﬂﬂﬁﬁﬂﬂEll’f'NIi\i\ﬂuiﬂﬂ'lﬂsﬁju‘ﬁu'liﬂﬁﬂHWﬁﬂ'] pH, MC ttag TS IiN1NY 6.6, 90.45%
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1AL 9.55% MuaIRY uazlia1 SS MY 8,150 mg/L Tasuaazyaniinaassnl¥ninaznou
aananlumnaassliznouaie 4 gan1inaaes Ao
d‘ 9 . 1Y =
1) ¥anaavaIN 1% polyacrylamide 1uM3USuanInMIuALYININAZNOU
Taeld1/53a9 0.1, 0.2 4z 0.3 g/1 L sludge 71 pH 7, 8 18 9
2) ganaaodNlF alum lunisdsvanimniuniivesninaznou Tasldn
U512 0.1 1182 0.3 g/1 L sludge 7 pH 7, 8 1@ 9
Y v . 9 A
3) ganaaodld alum HeFUNU polyacrylamide Tae 19 alum 91 0.1 g War
polyacrylamide 0.1 ttag 0.2 g/1 L sludge i pH 7,8 Uag 9
d' = v = 1 3
4) ganaaeed lulimsdSuanmwmanil ualso pH 7, 8 1ag 9
é = (% =\ 1 =
FIWaNsANEINMIUSUANIMMIUATU0ININAZNBUADA NN INITD IUNITIA
= = v 9 v 9 1
aznou Iswazideanidoya luitons 11
332 maveslSmnamsmiinlylumsdSvammwmaniiveamnnzneune
Gy specific resistance
] 9 o . . I oA =< 1
ANWATUNIUTUNE (specific resistance) 1 UAINLAAIDIAININ T
A ¥ = QU1 A= Iy =
M3nIeaiiae1eanNArneu 39 LTI NNa T lumsueni ldvesninazneu &
d' o :) %7/ =~ 1 d'd
MAALNBUNLANUAMIUMUTIIIZA1 a5 ateni laanminazneuiinud1unIu
UM FudonsanmauAIUMUT Iz Ye A Inaassnimsausnaasaiilu
F2AUANY MU UTMUAZNOUNTZAVNIDY 7 8 A2 9 LAAINAAIAITINAN 3.6 WU PANIS
nAaedn 19 polyacrylamide AMTUYY 0.1g/1 L sludge Niitos 9 Tumsdsuaamninazneu
' [ H Y
BAIAIMAIUNIUTUNIZAI1GA F9n15 1% polyacrylamide Tui/Surmgediulu'ldsi114
ao' 9 d? 9 [ ~ =~ 1
anuamisolumsuenildvesninaznougsiuainlildie uazszavvesiieriinane
¥ kY Aq . o 1 = (%
anuasalumsueniildvesninazneuile polyacrylamide TumsdSuanmw wuidedny
Y [ ' Y A 2 o 1 @ 1A
115 1% alum TuMsUSUanINazZnoU WU 11519 alum N dose LAEINULANNMTUSUA1NID Y
T =\ 1 %‘ Y = =
YOIAZNOU ATILEFITTNAABANNEINITD IUMITUenY1 IAv0ININALNOY FIHanIsAAEI
' 9 [ Aq ¥ aa A A A A
WU M3 19 alum Tumsdsuaammnaznounlvmadnganon dose 0.1g/1 L sludge N0 %
1 < d' 9 =\ [ g}/ a (% A (%
7 ag1e lsnarule el lunsUsvan mnedessianauny Ao alum 0.1g NANNY
polyacrylamide 0.1 gag 02 g NFLAUNOY 78 uaz 9 WU iol¥ alum 0.1g HE A
polyacrylamide 0.1 g lumsiSuanmaznou drulngliannudumusunizdiniigans
Aq ¥ a A a = [ vy ~ Y
naaean ldarsmlimesriamerlunisdivaninaznou (eniuganisnaasanly

v 1 1 Y
polyacrylamide U5 0.1 g/1 L sludge NNLD% 9) waziamusum polyacrylamide 11’?@4%1!
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' ° Y 9 ° A 2 g 1w ' 3o o v A 9 -
NWUIN 1/]’]11’?ﬂ']ﬂ'l'lllﬁ']u‘ﬂ']uﬂ’]lW'lle?JGUuﬂ'Jleslfuﬂu llﬂﬂlUﬂ1W§’JﬁJﬂfJQ@1ﬂ'JTL3J@GlGHﬁ1§Lﬂ3J

~ a =S %
essiame lumsUsuamumnaznou

M3 3.6 AN specific resistance VDIWAAZYANMINAADINANEINTI conditioning NNAZNOU

Specific resistance, r x 10° (m/kg)

polyacrylamide alum Alum 0.1 g + Alum 0.1 g + ' -
pH Tl
polyacrylamide  polyacrylamide -
0.1g 02g 03g 01g 03¢ GRELEY

0.1g 02¢g

7 227 1179 193 6.74 6.97 1.36 2.02 177.71
8 190 555 13.10 1857 21.85 1.13 2.05 146.75
9 097 519 196 2489 2829 1.74 1.46 106.58

Hq 9
HU8LYie: ﬁ?mmw‘lwa 1 L U93N1NasnNou

333 wavesSmnamaaiilFlumsdSvamnmaniiveamnazneuns
N capillary suction time (CST)
1 I 1 { 1 g
f1 capillary suction time (CST) i uariuaasdennuerndielumsusniiioon
' ° ¥ ' X o ..
Taga1 CST drvzuenti11ddre FInan15ANBI191AN1TNAADI sludge conditioning VY9
= dy Y o A = A a 1 9
MsAnyl naaslanininisznoui 3.4 093.6 1WoNWITUIA1 CST YOIFANITNANDIAIY
polyacrylamide Tun1sdSuanmmaniivesninaznon wul1 yaNiin1s 14 polyacrylamide
U5u1m 0.1 g/1 L sludge NNo% 9 A1 CST ﬁﬁ?lfjﬂ Faa0ANADINUA specific resistance a'la
o Y1 A o~ A a . 9 2 ' ] 2 Y
nazdunglalulolin1siuiSuim polyacrylamide 19010 Y UA1 CST AGITUAIY
' 2 ' ! a
(mmsznaud 3.4) uaasliimiuiganisnaaoaniinis 1y polyacrylamide USn1a1 0.1 g/1 L
d‘d 3o’ Y 1 d' d‘d a
sludge NH10% 9 A1WITOUENUI0DNIINAZNOU 1AI18NIIFANTITNAADIDUNTNITIAY
[ I 1 { ~ a
polyacrylamide TumsdSuaammnazneu o1vduly a3 ulelinisi@u polyacrylamide 1u

A X2 oq9 Ao v a 0o q 9?3 o v
ﬂ%lﬂﬂ!ﬂq@ﬂluﬂ’liﬂﬂ’lﬂ@]zﬂ@ullﬁﬂ‘ﬂmzﬂa'lfllﬁ]alﬂuﬂ?”] ﬂ1ﬁlﬂu1lmﬂ@]3@@ﬂ1]'lu1@ﬂ'lﬂ
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300

250

200

150

CST (sec)

100

50

polyacrylamide 0.1 g/1 L sludge polyacrylamide 0.2 g/1 L sludge polyacrylamide 0.3 g/1 L sludge
TANINAADY
pH7 pHS pH Y

Ailsznoui 3.4 #avedn CST lugamsnaaoe 1y polyacrylamide

Tunsdsvanimaznou

v A o 9 ' A A a 9 2
HABNARDIUTUANINALNOUAIY alum WU NI alum T¥igavy
v o q Y1 Sq 9 o A o ¥
naumlyal CST anad Taggan1snaaodnlva1 CST MNGAYDIEANITNAADINNNT1H
[ A d’d a = d‘
alum TumsdSuanmaznouneo yan1snaaeINNMsAy alum Tuf3u1a 0.3 g/1 L sludge N
=\ A Y I 1 [ 1 901 Y A
o 7 (Muilsznouh 3.5) uaasliirunganisnasessinanamisousniiesn ladieiiga
T A A [ 1 . . < 1 nm Y a A Y 1 .
HALWBOWAITMIND A specific resistance ﬂW”]J’ﬂlliJ]lmﬂu“]gﬂﬂ1i1/lﬂaﬂﬁ1/lclﬁWaéll’eNﬂW specific
. 'o A A A Y A ~ ] S dy A o =1 o
resistance MNFATUNIANTHNEQ alum 1WB0E13AET UBNIINULWDINMIANEI TAaN131i1A
mM3naaodn 14 alum lumsdivanmaznoulasldlsuna alum 0.1 g alviwa CST ganiiga
NMINARDINUNITIAY alum 0.3 g UINIWENAND polyacrylamide TuUSu1m 0.1 11az 0.2 g WuN
Aq ¥ o A A A ] .
gan1INaaoIN1vna CST aganoyaninis e alum 0.1 g WY polyacrylamide 0.1 g/ L
sludge Nszaviitey 8 TumsdSuanmaznounazileinsmuLsu1a polyacrylamide NAUT
Y 1 2 ' = Y @ Y . ~ ' ~ A A A
1911 CST gavusuReInUNITUTUTNINAZNOUAIY polyacrylamide tHgap81aRgI NI DN
Y a . A 2 3~ A X2 g v o ' v
M3 193119 polyacrylamide INUAUAT CST AUAITIANTUAY LADE1915NAW WL N5 1
alum 24N U polyacrylamide 1¥ A1 CST @1n31015 1% polyacrylamide NI sUALAYY
(MWsEnoui 3.4 94 3.6)
L A A ' ! [ . . v A Y
911911oWATWUIINAT CST FINAVAT specific resistance WU WU lun1s 19

asniienisUSuanimainaznou wud1 msl¥ersiall alum A 0.1 ¢/1 L sludge Waty
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polyacrylamide 0.1 g/1 L sludge Taeilsy pH 1 8 9¢1¥iAn CST uae specific resistance Mmnga

q

a

= 1 9 =\ QJd' [ 1 o 9y A o =] '
Faraasmsldarnaiinieldteuludinanaziildieiinisiaaznouas lilina
dszaninmldanga meldmsnnsannnnainlduazanudunuvesaznoulumsuen
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S
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55
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boSel
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o
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e
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alum 0.1 g/1 L sludge alum 0.3 g/1 L sludge

FANINADDI

EpHT N pHS I pH?

An1sznoud 3.5 #aveaa CST Tugamsnaaoen 1y alum TumsiSuanmaznou

350
300
250

200

CST (sec)

150

100

50

Alum 0.1 g + polyacrylamide 0.1 g/1 L sludge Alum 0.1 g + polyacrylamide 0.2 g/1 L sludge

FANIInNaAand

EApH7 B pHS El pH 9

amilsznoun 3.6 vauesa1 CST Tuganiinaaoai 1% alum ey polyacrylamide

lumsidSvanmazneu
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oA = Y = A ' ¥ Yy A
atlulpnfFsumendayaninmsany luniaaduy A T53ue vyl
M3 ldasUsuaninninazneau Ao polyacrylamide 115734 0.36-0.40 ke/m’ YOININATADY
1 a d' Y (v é 1 d' Y o 1 zﬂ' =) v = o
aaununlslsuanin emnlgainai (0.36-0.40 g/L) iatfFeuMeunUHaNISANEINTTN
.. . Aq [ dy ' < 1 V1 Ag Y A = l
conditioning 114 1uA3 el Wy Wumigeannamlvinaangaveamsany11usi9 0.1-:0.3 gL
A=
NANY
dy ya o w 1 A v o .. . 1
wonni 1alin1511d19819n1nAL B UNMEI%1 conditioning 11/111A1 MC
=l 1 g’; é 1 d‘ 9 L= Y A %
WuHA U9 80.10-89.81% U099 4 gAn13NAan F9A1 MC 114 wundiarlndifesny
ANHAULAMNALABUNIALEIVDINIITTINUN HATNAINNITFUAARIIAIIAINVATIBE
Y Ay vy o L. v o ' Ay ¥ A~
MAAABULTIN 1A91nN15NABBI conditioning NUAIBE19NIAALABUN la01n 1599 1URl]
1 @ 1 < 1
M3 1% polyacrylamide W11 AI9819MIAAZNOULTI1N 159974 ANUUTINAANNNATNDY

Yy v 9
=

Aq ¥ L ? ¥ R d A 1 =oA Y A Y
1/]1“]51/1@]6’0\1 conditioning Gl‘LlﬂfNu TINUANTULUINDATIDNAD WAUDINTNASHDULNINDD L9

3.4 WaN15819 (elutriation) MpazneuiKIUMIUSUEnNVEIls9IY
v Y Y
341 anvazvesnzneuilinaaes
1 a ] o g =)
VINMTANBINITIANININALNOUAIUNUIINTZUULNT AN UT oV 159911
¥ 9 A o = 1 a Y = . 2
H19190 109 1590UNTINTANE T WL N9 1599110015 15 d151a W polyacrylamide 13)
9 9
arsailumsdSuanimaeneunounsinagneu 119181015 1% polyacrylamide HA1luy29
0.36-0.40 kg/m’ V04N INALABUAIUAY Fuiio 1F polymer Aana1LAINITIARENOUILT
9 ¥ Ax 3 Y A o A A o I Y = =
I lamnaznouniaiud idnyaznmemeninie azneuliansasiiludewmilor Tanuag
v a3 Y A | Y @ o ' ~ °
A uNdUFIATNAIANUFUFI AAIANHUSNIINENINYDINENBUAINA1ININLNITI

d'd % o £ 1 =) IS 1 a a o v 4 1
mﬂamniﬂmuf%%ﬂswm‘lﬂumﬂmmwamw o1lKanelszansnImnmstita ausu

= 1 = 1

lunisnaasan1sninilenasznaiinaas 11 FIn15ANEINITA AN UINOANHID

Q

ﬂ')”lllﬁ’]ll’]ﬁﬂiuﬂqiﬂfgﬂﬂﬂsll@ﬂ@HﬂTﬂﬂTﬂ@gﬂ@uﬁPjTHﬂTﬁﬂ%ﬂﬁﬂTWﬁj’Jﬂ polyacrylamide LLag
a3 Y v A o = Y Ao I <

5@1“1!51’3"“@\115\3\111! WU ANHUSUVDININASADUNUINIADYIUU Naﬂymglﬂumﬂﬂllﬂlﬂ
= =S %}‘ s 1 j‘ 1 % S 1A 1 L = 1 %

AZLOYA dUINA Nﬂ”lﬂ?”lilslfuqunﬂﬂ 90% WANWRIBININD 8.21 WA VS, TKN Liag P 11N
Pl [ Y ] ! ' @

81.44%, 5.91% tiay 1.10% u’]ﬁi‘lﬂllﬁ}\j QNS NIh] LﬁGUTNTé}TQQSﬂ@uﬁ}’JfJHTﬂauﬁ“lllﬂﬁﬂ

=) S 1A 1 QI d' o =) 1 L é = 3 1 =
WY (UATWRFININY 6.53) uazNUsuNeFNINDY 5.29, 7.11 4a1g 9.10 FIUHNAAIIENA1IN

ao 'l
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342  WaveIMIANNZNOU

3.4.2.1 aDHAUZINANAZNOY

' ]
v A v A

A o Ax ¥ Y a H < ¥
Weriagnaunsaidl91n lssnuuuauiinautazinaunlsunes 5,7

Y =) U g % g §
uaz 9 limiinveaninazneululsuia 50 a5y aimindlen) luvinldyzaznou 100

4

Haaans Tagniulurasnuazldanaznou 24 ¥ TH9 WuRaNIANNIAIL
U d'tu %
1) apyaEmMImMeMnngunala

A o A o = g ) Y A
LiJE]uWﬂWﬂGWﬂE)u‘VIFﬂuﬂﬁ‘ﬂﬁUﬁﬂ?WLLﬁ%iﬂuHm’JNWaNLWE]fg]ﬂﬁ“b’%@ﬂﬂ

Y
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[ IR d' o [ %’ d‘ Y Y [ 1 [ =
mmﬂllmmmmﬂ@umammmuNﬁuﬂuumﬂl%mﬂmﬂeumﬂnmsﬂsmmz'luﬂsuwm%
J a @ @ I < < AR Y A
NWUN mﬂam:u,ﬂﬂmmﬁﬂﬁ’maﬂmaﬂyngﬂummzﬂaummmaﬂ"lmuml,ﬂuﬂaummu

Hq ¥ ¥y A = ' A

ﬁgﬂﬂuﬂi%ﬂﬂﬁﬂﬂﬁﬂﬁu (ﬂ1Wﬂ5$ﬂ@‘U‘ﬂ 3.7) “INﬂ'lﬂiﬂgﬂ@ulmagﬂ‘fﬂﬂ'ﬁﬂﬂaﬂﬂmﬂgﬂﬂ')‘LlNﬁiJ

g 2 9 ] = ] 3 = J 1 3
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A [ ) A a dy 1
ATT NN 3.8 ﬁﬂmuﬂ?mmmwmmm“lmmazmmimam

mﬁﬂizneuﬁw Day1 Day2 Day7 Dayl11 Day15 Day19 Day30

YANINAALN Al

Biogas (mL) 10.67 2.67 12.83 433 6.83 2.83 6.07
N, (%) 75.1 70.79 56.87 52.26 44.59 41.12 39.83
CH, (%) 5.87 7.75 17.81 20.45 24.49 25.72 28.57
CO, (%) 13.6 17.92 24.26 26.73 29.87 32.17 28.54

%uq 5.43 3.54 1.06 0.56 1.05 0.99 3.06

YANIINAADI A2

Biogas (mL) 12.75 2.50 8.50 1.75 15.50 7.50 6.93
N, (%) 71.81 68.99 56.93 50.62 41.49 36.92 32.93
CH, (%) 13.16 12.36 20.7 28.03 35.64 36.69 40.19
CO, (%) 14.28 13.26 18.38 21.21 22.15 25.16 24.57

{:A)'uc”] 0.75 5.39 3.99 0.14 0.72 1.23 2.31

YANINAADI A3

Biogas (mL) 15.00 4.00 8.00 5.00 8.77 4.67 7.67
N, (%) 69.36 65.66 56.52 50.13 42.61 38.24 35.28
CH, (%) 12.4 14.55 19.74 28.09 34.25 36.15 35.83
CO, (%) 12.37 15.21 15.79 20.63 22.14 24.19 22.36

ﬁluf»’] 5.87 4.58 7.95 1.15 1.00 1.42 6.53

YANINAADI A4

Biogas (mL) 11.33 4.33 9.67 4.17 6.17 2.50 8.13
N, (%) 76.71 67.77 60.51 53.09 46.56 44.13 42.61
CH, (%) 6.05 7.61 12.7 18.11 23.65 23.77 23.83

CO, (%) 16.58 17.41 20.33 26.52 29.59 30.16 26.27

?i‘uq 0.66 7.21 6.46 2.28 0.20 1.94 7.29
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A [ %) A a dy 1 1
AT NN 3.8 ﬁﬂﬁ’]uﬂ‘%lﬂﬂ!ﬂ1%ﬂlﬂﬂﬂlu1ullﬂa$ijﬂﬂﬁ‘ﬂﬂaEN (919)

mﬁﬂizneuﬁw Dayl Day2 Day7 Dayl11 Day15 Day19 Day30

YANINAADI AS

Biogas (mL) 11.17 3.67 5.00 5.33 5.33 3.17 8.80
N, (%) 73.85 70.98 59.8 57.29 48.16 45.98 42.33
CH, (%) 6.15 8.42 16.63 16.51 21.11 23.09 24.46
CO, (%) 15.62 17.37 23.31 24.64 27.83 29.77 25.15

%uq 4.38 3.23 0.26 1.56 2.90 1.16 8.06

YANIINAADI A6

Biogas (mL) 11.33 3.83 5.67 1.83 7.83 3.50 9.53
N, (%) 74.9 71.07 69.53 58.5 51.14 48.37 45.46
CH, (%) 6.08 8.07 9.91 16.81 21.12 21.42 26.2
CO, (%) 15.43 17.16 15.29 24.07 27.04 28.57 2591
{:A)'uc”] 3.59 3.70 5.27 0.62 0.70 1.64 2.43

YANIINAALI A7

Biogas (mL) 11.83 2.33 1.83 1.00 4.17 2.83 9.40
N, (%) 72.57 68.86 57.11 68.49 62.52 57.97 52.68
CH, (%) 8.79 9.29 16.45 11.4 16.58 19.75 21.66
CO, (%) 12.31 13.83 24.56 17.25 16.83 20.51 17.88
ﬁluf»‘] 6.33 8.02 1.88 2.86 4.07 1.77 7.78
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1 [ 1

A1 Vs Ngniiva Wl ganisnaassi l¥ninaznoulunisywin ga Al-A6 Tif1 methane yield

v 1
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mmqmmnﬁmimn%'u

pH 7.11 7.4 10.3
MC (%) 88.47 60.59 4.02
OM (%, dry weight) 50.66 99.42 6.19
OC (%, dry weight) 29.39 57.66 3.59
VS (%, dry weight) 71.70 94.55 17.15
N (%, dry weight) 8.55 0.59 0.03
P (%, dry weight) 1.78 0.53 0.13
K (%, dry weight) 0.83 1.64 3.67
Zn (% dry weight) 1.77 - -
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A7, IANDINA
NMNANOUAIUNUHTNAT Yo
pewdn: 12:12 wag lidmsey 823 5.9:1 8422 4.81 1.92 1.87
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ND ND ND ND
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