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Abstract

The nutrient (Phosphorus) recovery from swine wastewater by electrochemical process was
investigated in this study. The iron steel has been used as an electrode. Electrochemical reactor was
conducted with different conditions such as operating time and current density. The real swine
wastewater and the synthetic swine wastewater were used for the experiment. The result showed
that the PO43_ could be removed more than 80% as chemical sediment with iron. The potential of
methane inhibition of this sedment was observed by Anaerobic Toxicity Assay measurment.
Sediment from EC process at current density of 9.57 mA cm’” causes iron content at 3,687.60 mg/L
per serum vial. The ATA value of this sediment was 0.1 mgCH,-COD/gVSS.day (3.05 mgCH,-
COD/gVSS.day for control). So, this sediment or soil conditioner from EC process can mitigate
methane emissions of the methanogen bacteria. Also, in application, we applied this soil conditioner
to the crop and confirmed the CH, emission. The trend of CH, concentration was mitigated by
addition of the soil conditioner from EC process, compared with control. So, not only to recover P
from wastewater this soil conditioner was also possible to inhibit the CH, production of methanogen

bacteria.

Keywords: Soil conditioner mixing iron/ Electrochemical process/ Methane mitigation/

Swine wastewater
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5. @15a2a19 CaCl,.2H,0 ANUITUIU 0.375 g/l
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Basic medium *Trace mineral

MgSO,.7H,0 0.60 g/1 FeCl, 0.90 g/1

CaCl,.2H,0 0.07 g/l H,BO, 0.15 g/l

EDTA 0.01 g/1 CuSO,.5H,0 0.03 g/1

Trace mineral* 2.0 ml/1 KI 0.03 g/1
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v - v o = ¢
3.6.2 mswanmsSulysnamnanlagnszuaums iluaillaalfindadunszn
a g’z A | d o A Y o a 4 . A o
mMsAaaunsoslonazglnsal autiunsTaesldaalgnsal Electrolite NY1M191NNTZINNUAIIY
[ [ Y Y
Fouvua 10 aa3 ¥ lusauis 19 lumsniunauaITazals ¥aIINUUTINITAAAT Electrode
& 9 [ < ] ] & I 3}, =Y ] I 3}, [
Falunisnaaedag lgupman 2 upy uiuriaasluaIuin tazdaunuazitluiiay 9914
[ 2 Aa [ 9 ) ] Y] ~ o Y ~ [ 9
UHUIMANNNTE82119 10 cm. 1a211A13ABNY DC Power Supply Nynthiudasusedulvih
o Y I @ g’/ S o 1 @ a ¢ A < 9
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3.6.3 M3 Anaerobic Toxicity Assay MANATOUANNAINTANTINNIUVS

Methanogen Bacteria
o . .. Y o &' a A J
lun15nAa 991 Anaerobic Toxicity Assay "l,ﬂmmﬁ)mﬂau@.aumﬂmmﬂizuu UASB 9893
a o =4 o w [ a A I 9 a0
UsEmdes lne (1991) $100 (un1wu) TaoanyuzvoInznoUIAUNTIN 19 lun1snaaoiin
< 2 < " 2
UDIUVININNA (TS) 75.9 gSS/1 LA UDILUITSINBNIYNINNA (TVSS) 37.4 gVSS/1 Tagllvunou

i Y
MIETIUFDUALNITNAADI ATA Aail

G dal a A
NISATINLFDASNDUIAUNTY

A o

o v & N v y )
1. mmiam%amﬂaui;aumamamiazaw Phosphate buffer Taaldinsoq Centrifuge
o & a /sy g v Y qvd X v Y o
2. 1 1F0AZNOUFAUNIENA 19418 Phosphate buffer 11d2 T duldiThumiiomednuudani

o a 4 o . .. !
lvhmsiasiey SS, VSS tagununagaey Anaerobic Toxicity Assay ae'ly

N13NABDINT Anaerobic Toxicity Assay

ys A @ a < . ~ 1 v o dy
Tunsnaasz lvnilsunaasdsvlyaanwauraumanluuia vial NUAnA1NUALL 0.05,
[ < [ Y ~
0.1,0.5 5 TasANUEuYHANNIND 369, 352 UaE 475 mgFe/g Soil conditioner 1 9.57, 19.14
- o o o o Y] a < {
1eg 2871 mA em” awday dmSuasdsuleguamAunanrani ldnnnszuiums
kY = ¥ a a ] a < o
anaznou Il ualivewindenss uazesUSvlsnanmaunauman 1 uaz 5 n5uTaonau
Jy 9 < A Y o A ° @ @ A
i ana ooy 1an %Fe,0, a9 4.10 uaz 4.18 dwmsumsSulysauninan
3 Ay v 9 = ¥ a o o ~ AN 1
NAUINANT LA nnTzuIUmMIanaznou INHnlve sl uFeduns1ey uaziuaran Wlais
[ a < . I 4 = a o
Ysuilgenanmaunaurangailuvianiuay e ldlumsfFouieumsnaanmalimu Tao
! g ' o %7) . : IS g’.} v 1 z:y
LABEAIDE199E TN TNARB LA DIF (Duplicate) Falvunouaane 11/l
~ A A L Aa
1. WeURANAANYIA vial NUYUIA 120 ml.
~ @ a <3 3 v Ay Y Yy 9 .
2. wseuaslSulysnanmaunaumananniming lana1a13udh asluvaa vial
~ = 4 o .
3. seu Tydoy lTumsueiua (NaHCO,) 0.05 nsuasluwa vial
~ dy a =4 Yy 9 D ! .
4. 19T0UFOALNDUIAUNTIANUANIY 10gVSS/] Usua 25ml. Tdaaluva vial
5. l@@se11svan uaza1se ISy a9 1uvIA vial
o . ' Yo o P 2 o 1
6. 111170 vial 11 laemealagldmaluTasmutazmaasueu laoon lsd ludaaiu
< A Y o a . o A Y o A Y a
80:20 1Wlua1 2 w1 uarnsiad1via vial TUN uaInsvene 1KnAnN1TNIUNE Y

a

' a A Jo o a Y o o Yt
senangaunsenuaslsulysguamauudnhuiaesyll ingugi 37°C
o =Y (9 ~ A a ds! 9 A 4] v K 1 A o [
7. ’Jﬂ‘ﬂﬁll']fl!ﬂ1%‘]5’)ﬂ1WVILﬂWUuIﬂfJGlGIfﬂﬁ'LL“V]L!‘WU’E)QﬂWGIf AAUUNDAULASLIATINNINITIA
o & = . a 'd a [ 1 (2 =\ =) =
8. mmmmmwiuﬂum vial hlﬂ')mﬁW%WﬁT]JﬁJWﬂ!ﬁﬂﬁ’)uﬂl@\‘]ﬂWG]ﬁJL‘V]uGluﬂWGﬂGIf'JﬂWW

i a s s [
Tael#nT093nT 12 09A52 OV (Gas Chromatography)



43

o = (3 = Aa X 1 . L.
9. 1ifSuamaimunmavu 1111 Anaerobic Toxicity Assay
10. Tuaraauau a2 lulimsauasUsvilgenunmauasliuavzi@y Phosphate buffer

dy a = Iy A T o g =K o A 9y
Lla$!ﬂf@@gﬂ@ufl‘]‘ﬁu‘lfﬁfﬂﬁllﬂﬁll”IG]'iﬁ'JiJWHﬂiJ 50 ml. MNUUNNUNUDUUD 3 -9

. a ' IS Y
3.6.4 M3511 Community Y99 Methanogen Tuautazmimsiaailaeaiimuainindn
. a2 Y o a 3
11511 Community Y84 Methanogen uau Tagl¥msdsvilgsqamwaunaumanainns
= 1 9 = 3}1 o w dy
anaznoumaall laasluuilasny Bvuaeumsviaall
a wa @ a <]
1. Ansgraaauinvesasliuljnanmanrauman
2. shmsilgndmlumlasnyas Tasladlonaunuaunldilgn Taensnaaoszidnyus
' { ' o o & < X [} ' { I '
mslaiffefiuanaienu aell gausnztluganruauas lilinisldile, yaaeszilumsladle
a A Aq Y ~ 1 o a I
nnmsaazaunlelunisign, gandiwegldaasisuljeqaummannaumnan nazyga
U 3
gameazlaileamitveunuains ludu
o ) 3 o 1o A a ' Y o <
3. Mmstlgnintazinudied N e NN IEHANNINTUYRIMs MU uszes 9

3 o T A ' 4 a
4, Lﬂ‘].l@jf’)ﬂTQﬂutL@]agcljﬂﬂ1ﬁﬂﬂa'ﬂ\ﬂﬁﬂiﬂ?ﬂ Community U839 Methanogen {lu@u

3.6.5 M 311 community YD Methanogen Tudn
A1 community Y04 Methanogen IHANIINATED19INARDY 1A 1Y Molecular technique 3 2
TuAouUNAD Fail

1. DNA extraction (U3 UADUMI ATiA Nucleotide 9191AGI0613 Tae1#35404 Zhou
et al., 1996) Ta ﬂi‘]%’jcgﬂ kit ¥4 Integrated DNA Technologies, Inc. (IDT)

2. Polymerase Chain Reaction (PCR) (Hun15iins 1191 DNA 1451051910 910 DNA
Fuuuy dmsumsm community U8 Methanogen Tuau 2219 merd gene specific primer
LRLCERT Methanogen G?'Nﬁ"llum 500 bp Lag Primer sequences TNTY merd gene A0 merd £=5 -
GGTGGTGT" .GGAT-TCACACA" TA® GC* ACAGC-3', merd r = 5 -TTCATTGC" , TAGTT"

.GG" . TAGTT-3' (Sheppard ef al., 2005) Taa1% PCR protocol (Innis et al., 1990)

3.6.6 M3aNA DNA (DNA extraction)
o w ' . A Y 3 A o [ 9 . Y o w 1
1. U19I0819U1 homogenize o litluiemennu Tagly homogenizer {AIUIAIDYINU
9 [l
1 ml Teraa1% microcentrifuge tube Y11A 1.5 ml HAAINWUIING centrifugation 1 8000 rpm 13]1

Y 1 QSI
a1 10 W19 tazminaiulang
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2. hdundluazneu (pellet) 1114 extraction buffer pH 8.0 (100 mM Tris-HCI pH 8.0,
100 mM EDTA pH 8.0, 1.5 M NaCl) 600 pl, Lysozyme (10mg/ml) 60 pl, silicabase uai lyuh
gangll 37°C ifunan 60 i

a

3. e 20% SDS 100 ul udh lhivigaingdl 65°C ifuaat 30 1A (MFDAIU tube 11719

QU

NN9 5-10 U19)

o tg ~ o Y . A I =} g 1
4. YU nuUanNa LA (lysate) 1 centrifuge N1 13,000 rpm Wuaar 10 W tazmiaiu

Taraalu tube Tna udr19015 1105 (DNA solution)

5. 103 chloroform:isoamyl alcohol (24:1) 1113310519170 DNA solution tdHay 1iidn

Y . ~ 3 =
AU U centrifuge N1 14,000 rpm Wuar 5 un

[ H I~ [ ] =Y 1Y ] 1 g‘/
6. aadunuvsanalroonuilaly wobe 11y udr9a5u1as (5239 e liunazsu

U

HEUAY SINMIHANAY a5 aITe 5-6 Traila)
v, A Y ' v < A & A
7. 1d isopropanol 0.6V 1o 1% DNA anaznou tazin 13 luditu 3 42Tue wienilsau

o . { I %’ 1 Py °
8. 11 DNA 111 centrifuge i 14,000 rpm (HJuan 5 Wi udanrhaulang wazriinsang
= 0 . { < 3
Taun131AY absolute ethanol 1 ml 4&3151'11) centrifuge 91 14,000 rpm 1511321 10 WA Az

Y ) Y
arulana udrdlarhasnal3auna pellet uiaaiin

9. 1ANA1582a18 TE pH 8.0 (1 M Tris-HCL, 0.5 M EDTA) 25-50 pl

3.6.7 MIMm Polymerase Chain Reaction (PCR)
ifioamnaisazats DNA asaasaudaidiaaseu Sideuhanuazeinnousi PCR 1 Tag
1% PCR clean up protocol (Vogelstein and Gillespie, 1979) Lngl%}“]gﬂ kit Y99 Integrated DNA
Technologies, Inc. (IDT) ﬂ'iy’umuﬁqﬁ

1. 1d DF buffer Tu31103 5 m1veed)5uasdiedrs asluanisazais DNA uawauny

Tﬂ&lclﬂgf) vortex
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2. 7974 DF column 11 Collection tube U116 2 ml 1@ 21111@70819NwHauLd91090 1 11 ld
Y o . A <3 a =\ o 2’, %
2314 DF column 48231111 centrifuge 71 14-16000 x g (Huar 30 3119 waa9101 M1 13 tube

90N 1182219 DF column NAUNIAN

3. e wash buffer NUN151@N ethanol 600 pl (lda9A5INA1N DF column) ttagse 1 WA
o ¥ 2o . { <3| a 1
NAINHUNYIN centrifuge N 14-16000 x g (WA 30 IW1 1dantirlu tube 0o 11aZI19 DF

o A a . ~ < A A gy v
column NAVNIAN LA centrifuge 1 14-16000 X g Wuan 3 W1 el column LS

4. 11 DF column fu¥ia1t82112191% microcentrifuge tube 1A 1.5 ml 113 ududy
Elution buffer 20-50 ul a49133NA19UDN column 5015z 2 119 1o 1% Elution buffer Qﬂ@ﬂﬁu

) . A I A A 1 .
waz1in11) centrifuge N1 14-16000 x g (HurIa1 2 WA 1WA IU purified DNA

5. 5AANUITUTUUD DNA 9 purified 1d2

v
% [

A1%5UNIIN PCR UAUADUA

=le

1. N394 (@11a19) 891U microcentrifuge tube YMIA 0.5 ml

Components Volume Final Concentration
10X PCR Buffer 2wl 1X

25 mM dNTP mixture 0.16 pul 0.2 mM

25 mM MgCl, 2.4 ul 3mM
Primer mix 20 uM 2.5 ul 0.5 uM each
Template DNA 1-20 ul as required

Taq DNA polymerase 0.2-0.5 ul 1.0-2.5 units

Q solution 5X 2 ul 0.5X
Autoclaved, Distilled water 20 ul not applicable

1 Y o Y 4 4 o aan
2. HErNENTNNoE 1A lu tube 13211 tube 1119 1AT09 Thermocycler 1o nsen Tae
g 1 { I g
AIA1UY tube 1 thermal cycler N1 95°C 1IU1a1 5 WA LAZAIA1 PCR amplification 30 cycles

Y
=

&31l Denature 11 95 °C 1311781 45 3117, Anneal #1 54 °C 13111781 45 JUM 1AL Extend 71 72°C

€

&

Wunal 2



46

a

' Py 3 = Y o Aaa o . ~
3. 1Y tube lljﬂ@mﬁﬂll 72°C lﬂulja’] 10 U LLﬁﬂ‘l’WﬂﬂQﬂ’iM‘Viaﬁfﬂm cychng N 4°C

QU

a d A [ P
4. Annzvinansaain g laeld3s agarose gel electrophoresis

ad a 4 a dd'o‘l%l =]
3.7 ITMIUAINNTHWINNADINLIY IUMIIANEN
o a 4 1 a g g =S 1 [ FY =\
NMINMTAATICHUIATNITINAD TR NN Glummﬂﬂ’auuazwmﬂizmumimﬂwmmu Llazﬁluﬁ'ﬁ
[ a <3 [ ~ dy A 9 [ a <3
YTV anuMUAURNANIHANAIAT 1IN 3.4 UoNIN 1o laes Ui vl jsnunwaunaNman
9 I o a 4 4 =\ a 9
1an ﬂuTllﬂ'JLﬂﬁ'lgﬁf]\iﬂ‘]JiZﬂ@‘U'Vﬂ\ﬂﬂll‘l]@ﬁ‘ﬁ“ﬂLLaZﬁ'li‘]JﬁZﬂf]‘]JL“If\i“]f@u‘Uf]\Tﬁ'liﬂ Iﬂﬂﬂ']i

AN wﬁ X-ray Fluorescence (XRF) ttag X-ray diffraction (XRD) Q1% e

d‘ 1 a J as a J a J
MINN 3.4 LAAINIWITIUADILUASITNITAUATICHNITIUIADT

Wniines Mz
COD Dichromate Closed Reflux Method
SS Gravimetric method
VSS Gravimetric method
Phosphorus Stannous Chloride Method
pH pH Meter
Iron Titration Method
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k4 = Yo a J a
4.1 wamnmsanazneu Iihiniilaalsrivdaainvhugnsess
y v [ d‘ 1 = . d' 1 (%
4.1.1 anuvnvuvesnealeSaniszaziaainiaqlagil current density NUANAIINY
110 317 4. 1 naasanududuvesloavlosanszezinain1eg 1ael current density MAnA19Y
WU wu Tyvesanududuvesoadosatdsuinanadlundazszeznaraunszng

A A A Y 9 o Y A
T28LLIIN 60 UIN 3Jﬂ’:ﬂllLﬂlﬂﬂlﬂﬂl@ﬁﬂ@ﬁﬂﬂiﬁuﬂﬂﬂqm

40
35 4 == 9.57 mA/cm2
30 T ==19.14 mA/cm2
= 28.71 mA/cm?2
> 25 \ /
é \
o
@ 20 \
o
=]
S 15 -K
n
10 A
> ] N
O T T T T T
0 10 20 30 40 50 60

Time (minutes)

sUf 4.1 uaasanududuvesleanesaannszuaums luiluaiinnaiaie
A o (aaa = ' o A Y A o g Ya v o
iesnnmsinlgnsenaiiszrniemsduiunszuaums liluall ildnanmsswdniuas
Ysulgsguaindmmaiglunmsaniunulan sz auaonsanaznoudslivlga

Ay ¥ailuliamaunsves Zhang er al., 2012

Mg’ +PO,” +NH, + 6H,0 < MgNH,PO,.6H,0

o Y 9y 9 [ { 2 9 @ {
“Im114ﬂ313JL‘UiJﬂjuﬂjﬁ)ﬂﬂﬂﬁWGiﬁﬁazawunﬁﬁau’aﬂa\‘i U;agfl]’lﬂwaﬂ’lﬁﬂﬂa@\iiﬂﬂﬂ’liﬂiﬂlﬂaﬂu

. ' 4 . { v 99
current density WL1N15NAABINT current density 1NNEA 11150 recovery Woaoia'laun
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nga Taefilsz@nEn 1 recovery YoIAMMNIUNTZUAT 9.57, 19.14 UAZ 28.71 mA cm” 1IN

84.40, 95.61 LA 99.52% MNA1AU

Y H ] 1
myanazneudsUsulsgunMAuTLegNUNMIAIUAY pH MMaNnz e 1199910 pH tMu e
Y 1
Tun1sanazneUMINY 8-10 (Song et al., 2011) HAZMIANAZNOUITINAT UL DANUITUTUVD S
. - y ¥
Mg, PO4” uaz NH, thuanuanse lumsazasnn uazanuainsn lunmsazalgninnzanad

& A 2 a ¥ o 4 a & ' . .
o pH INUYU GlUﬂﬁmuHﬁﬂﬂﬁlﬂw'lﬁiJQ'ﬂﬁ ALNANITANALNOULND pH 521319 8-9 (O.Ichihashi

v
= 1

- Aad g [ : 4
and K.Hirooka, 2012) uenanilganginilutlvdenilaiidinanssnusomsanaznou 11o3910
manalfasevesnszuumMIanaznouzanaulolgurgiia tazlszansnimvesnsmon
) A 2 = A a ° Aaaa A 2
Woaesdazmuauan 63% lauda 78% WoguuglveanmsiiUgaseunuaunn scc i
o A 1 a d
IUDA 50 °C (Song ef al.,2011) NNMIAUNUNUMTANAZNouaI8 I Al Taeldindeas uily
o S , . i , 4
1781 60 U uaziiNsUsulasu current density WU NITNAADINY current density ¥INNTA
a1150 recovery Woanosalauiniiga Taelitsz@nTnn recovery M1 99.52% (31U 4.1)
A o Aa = A 1 A J 3 1
o lumsaniivnulianeimiunzauaenisanaznoy Ao MaNUIunsaLazaA1(pH)
] 1 = Yy 9 A A = Y] ~ 1
pg1u%29 9.5 — 10 uaziaNuwdNIUYe NN TFey uou Tuily uazWoaeSaNaanononis
Ao sliulequamwau Taslidnsauralyaves Mg :NH, :PO,-P 1101 1.2: 8 : 1
] v Y
deruminaasnszurumsanaznou luiluadl vildinansadie on Indiaun Ina danali
v 9y v 9
pH Tumsihignsennuinniu Funaansasimsniemesndau liguuana nazdasing

2
Han OH Tagmsnnlgnieunillunssiuainnaznou (Wang ef al., 2010) A3eun13 il

0,+2H,0+4e- — 40H

HO+e — —H,+40H
2

4 A ° a o [ % a J 3
uaziile pH 1 1 liinanszuIumssavavesaznoutazanasgaelusslnsaiilues

Ysuilgenaumnau

4.1.2 onsmsilasumlasnnunduve uvian
~ o = y 9 3 A o Yo o = ~
110 31N 4.2 uaassasinslasunlasnnuiviuveananeunual 981N ANYIN
Y 9 -2 1 Yy 9 g A a
ANWUVNTUUDINTLUA 9.57, 19.14 uag 28.71 mA cm  WUNANUVUTUVUHANNUT N
A 2 A A 2 < ~ A A )] ] ~
MNYUIBTTLHZMINARDININTU IUNTENITLELIAN 60 U UANWANTUVOURANUINTFA

iegmnmslgnsen luiluad
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450

400 -

w

[

o
1

=¢=9.57 mA/cm2

Fe concentration (mg/l)

==19.14 mA/cm2
28.71 mA/cm?2

0 ' 3 T T T T T
0 10 20 30 40 50 60
Time (minutes)

1 <
51U 4.2 uansa U IaNNNTZUIUMT T Al

U

4 o ' ' ; ' < <3 g o
eonisdasenszua ldudrgnszuaums Ililualigelumumanduan Electrode ¥111%
) 1 v 1]
oSa00NU191NU7 Electrode 1H0991MAANITAANTOU HAIDINHUINOAISAz A TNR TN

a o Y a Aaan A W dy
ﬂ@ﬂ%t%uﬂﬂﬂ!ﬂﬂﬂgﬂimmﬂ ANEUNITU
Fe' + o, Fe''

Tumsamiiuauazldiar 60 uAdmsunsanaznou Wi uail uazyinmsdSulasu current
. A D 3 A o 2 a o = 2 A . o &
density tomySunaunaniimmeau lumsguamsinamasiinu 93 current density A9 9.57,

-2 ] Y 1 o Aann Y aa Y 9
19.14 1A 28.71 mA em” (UAY MInMsnaaonyN vazmsvilnsen liiualiianududu
< A 2 Y a . g ' v Y 9 < o !
IMANINLGITY 1Azl current density gINaLaINaIHANMTLTUVDAURANGUFUNY UADIN
~ ~ Y 9 I ' . A Y A o
JUN 423282178160 WM ANVTUTIUVRUNRANUAAY current density NA1INAIASINY 919
A a [ < = I o ds! o Aaaa FY =
iiesnnmsiavesanuuounan Feznouveananaseavuanz s gnser luiluaiilu

1 1 = a o zg o Aaan 9| AR g
FIIATZHIN 40-60 WIH tnsrzinamas H, yunnmsnilgase diualiaaiiuldawauns

&
U

1 .
H,0+e- — ~-H,+40H
2
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o Y & A 2 a A J ' a 3 < [l ~ o 1 )
qualﬁlfﬁﬁﬂﬂi’]Qﬂluuuﬁﬂmﬂﬁlﬁ’d@ﬂ@?ﬂgﬂurﬂ?uq HAZIMAaNUNFAIUNYNNANTDUIINUYY Electrode

v
=3 1

2 =< Y 9 <3 ¥ A A o &
IFUNIZUIUNTANASNDOU “]5\‘1?]3111!51]11‘1]1!51]@\1&14?1ﬂVlﬂQGlUU']TlﬁnggnaT 60 UIN UAIAIU 355.69,

365.88 1182 370.94 mg/l 1@l current density NN 9.57, 19.14 LA 28.71 mA cm~ ANAIAL

2 o o Aa ' = Y 9 <3 Y a A 9
UDNIINU wmmﬂmimmumimu"lﬂ 30 HUINLTD ﬂ’mmnmmmmmaﬂummmamma

u

Steady state 1H0991n/1u 11 30 W ANwdNTUYe s Ao saluszDUMADToY (317 4.1)
d‘ a q.; 3 a %’ = & % ] A
HBIININANTZUIUNITANAZNBU LagTINAINUINBTATHL T FIW191NNITAANTOUNT O

] < a v 3 [ a ¥ o <3
NITUIUNIT oxidation UDILNUIHAN Llﬁy’JLﬂﬂﬂWiﬁ’t’)ﬂﬁ’JLﬂuﬁﬂi\l‘U‘LlWTLH Vl'lclﬁ}ﬂ’ﬂmfi’]lﬂ‘ﬂ!l‘llﬁﬁﬂ

' a A

A 3 A ) a < o o Y
nedlwindeisunan srunamsay lessuveunanaiisamianeanesald (Chen, 2004) ay

U

= = 1 =] Y < ) Y
nszuaums IWiluadi Taeliunumaniluvi Electrode ifunms1diszquandmsumsanaznou
. o & A ! a Y g <
YDIOUNINVOIAT (Alexandra and Kai, 2013) aauuiioratriivly 30 wiiinnududuveanan

a v w o ¥ A o Y Y 9 < Y a A ~
inansugnuvearesaluringes i lvanuduiuvearanlusindsisuaan

d
4.1.3 ANMVNVUYBIANTOUNIE (COD)

a 3 a 1 H a I a
vnnmsauiuauliiluaiiTaelsingesss wua luindensdlsinaasounsdlugldlod

A 1w Y @ o A 3 a a Yy 9 a A Jd A 1w
RAYNINY 407 mg/l HAIVAINITAUUUINY U UTSUANMUVNVUTITOUNTULYIAD IN1NY 83.60,

' 9
I v v @

83.60 11T 47.52 mg/l AANMTUVUATLLANIND 9.57, 19.14 1AL 28.71 mA cm~ AMUEIAD A4

aszuaums I uasintinsdSulaey  current density uIsfsAaTdUNIG AT Hall

G

~ (%

a A o w a 4 g
Useansamlumsmeaaissunsgasil 79.56, 79.59 LY 88.24% U0 9.57, 19.14 LIag 28.71

-2 o w % d‘
mA cm” Mua1AY 319 4.3
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51U 4.3 uanaanudduveIE Todnnnszurums il uall

U

a A

{ o w a 3 J a

11314 4.3 aszuaums Ifheiitidsz@niamgelumsmidaassunidluindovhiugnsas
d' % = 4 a A | a A d v W [ o a %
o luiu@erhsugnsvsallSnua I dUNTIMNY 407 mg/l tagnainmsaniiuaiuluii
s A a A J A ] a Y di o aan L%

iwelenspunidriaeedlulSuiates 1199910015911 JN5810135 AN UVYBIOYN N

a A J awv ! a A o w

A1TOUNTY HAZIINMIANYINUITEVON Zhang ef al., 2012 Y5101 Ysza@nimmlunisiiva

A A a . [ o a A = g
COD gulaNU3uIa organic matter 594N WoadaSauazuuniliFouge FuJusynIn

v v

a = 3 a e o Aa ~ a 2+ + 3-
msaumsﬂumma ua:uaﬂmﬂuiumimmmmu mwmuwﬂmmm Mg :NH, : PO

, P
1 W 2 o Y Y o awv 1 Yy a A o w .3
MnNU1.2:8:1 G]S\‘l‘l/l'liﬂﬁf]ﬂﬂﬁf]\?ﬂﬂ\ﬂﬂ')i]ﬂ f,"f\‘lwﬁch"illﬂ‘igﬁﬂﬁﬂ'lWiuﬂ'l‘iﬂW%ﬂ COD unuu
tﬂ' =) 2 OJ S A = A o 1 % 4
Wwondsuuneanesa LLiJﬂ‘IJL“]f‘(’J?JLLﬁ&L@iJINLUfJQQ INIEAITLIANAINANITINITDIIUAINU

a A % =)
anazasuRuasounI8IuLinaeld (Zhang er al., 2012)

4.1.4 Yaananvanluansi3ul enamway
4 a <] @ a a [ 4
TunmsnaasunemdSuamanluarsdSulsenmninaulasldisnisiaarensoq
~ A A o oA Y 9 =Y
Spectrometer 1ANEIAAU 510 nm. WUIUHEAIUMT IAenszUIUMIANaznoURe T Al

& A . A U I A < o a
49n13NAADINY current density WINNgA dawa lnulsuanvanluaisdivilzsganimaniin

]
=

[l H Y
fga iesninmatasenszua Wil ludwnumann1913uan Electrode v lvurumaniians

v
= % 1 3

@ 1 @ 2 < ¥ A [ a A
NANIDU Waﬁ%WﬂuuH’Tﬁﬂ‘ﬂﬂﬂﬂﬂﬂ‘i'ﬁ]uﬂ‘Uﬁ15a%a1ﬂiuu1l%ﬂﬂﬂﬂﬂﬁﬂ@iﬁ, HUDULYYY,

£
v

wou Tty il §nseswanundianaznouluiiga (311 4.4)
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600

500 H~

400 -

300 A

200 H~

100 -

mg Fe/ g Soil conditioner mixing lron

9.57 19.14 28.71
Current density (mA/cm?)

Y v o d ' @ <]
31 4.4 naaIRNMUFUNUTIZHI Current density AUAMTUT UV UHAN

TumsautiumseeiinsUsualaeu current density 191100 9.57, 19.14 1A 28.71 mA cm’” LB

9
% o

1 1 1 <3 H I~ 1 3 a [} 1 1
msenszua lih ldguiumanMiuan Electrode i ldununaninanisnansou danali
<3 v W A ] ¥ X 9 o A A
aznowransuAInUaIsazatenodlui alsenevdreeanea, uuniimey uag
= Y @ 2’; 3 a o a 4 1
ueu Tuidly uaIMaINAUUNIAANITANAZNO WA TUAIU N8l 91NNI1TNAABINYI current
. 1w -2 A L) <3 @ a
density M0 9.57, 19.14 1A% 28.71 mA cm~ UANUANIUYDUWan TuaslTulyenuninauy
N 368.75,352.38 1 475 mgFe /g Soil conditioner mixing Iron AUEIAL INNANITNAADY
o Y1 A ) v 2 oA Y 9 <
aunsadung 181 NanududunszumnIng 9.57 18219.14 mA cm” Haududuveunan
' v w o 1A ) ~ ~ ) < A A
linanaesnuumin uaianududunszuamnigalianuiduduve unanuiniiga 11e991n
[ & 2 o a o ] 1 <3 <
msdasenszua i lgan Electrode Tudsuimuin ldinamsnansouvesurumaniu
TIUIUNIN 1AZIINMTFUNANTAUTUNIU WU FRLINVEINTTUIUNTAnaznou Tl undl
1 < 1 a A A = I =) A o A
uruvanvziantase wesaeenun esnnasazaesuaswiluady uaieauiums 1y

o =~ <3 a A A T a A A A Y o
gnszazvidsasazatou e LuﬂﬁmﬂiuﬂizﬂﬁufﬂﬁuliJiJﬂ@ﬂ%ﬁ]umWﬂﬂW@ﬂﬁ]%iﬂLWﬂiﬁ

v Y
pond lagilaou ldlumesa deaumsil

2+ 3+
Fe + O, — Fe
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1 [ I~ [ o A <3 2 v 1 I
LW]’E]EJ'Nulﬁﬂ@']ll WZNﬂ']ﬂﬂ']ﬁﬂ'lﬁﬂ'lﬂ!llﬂ'ﬁ@]ﬂﬁgﬂ@qu%}\hmﬁlﬁﬁfﬂﬁu W\laiﬁﬂi}ztﬂﬁﬂmﬂu

a d' Yo a A tg
moe3in L”LJ’ENﬁ]”lﬂllﬂ'i‘ﬂﬂ’f)ﬂ“]ﬂi]ulwuiﬂﬂﬂlu

4.1.5 Anaerobic Toxicity Assay (ATA)
= A [ @ ?z’; a o =\ 1 [ a
nansanyunemdgnen I lumssugimsnamsiimu Tasmslaasdsulsauninaumey
3 Aa Y 9 2 Y ' A ' o
MANNUANUANTUYDIHANANNY WU ATA vIganIInaasIntms laasdsulgsaunin
a S A 9 [ 1 1 @ a I A
Aunduraniiaiosniiyganruan(luladarsdsvlsenmnindunauvan) tlogain
. Y a o a Y (R I 1 @ a
Methanogenic bacteria faasonaansiimula uaealsnai mﬂf‘ff‘fﬁﬂiﬂﬂgﬂﬂmﬂ1Wﬂu
3 < o Yy a o = Y o U o
paumannausodldinsnaamaiimuanasld uazlunmsnaaswiimslaansdsuily
a < (% A A < [V ~
AUMNAURTUIHANNIND 0.05, 0.10az 0.5 g lasNlsuaveuranasgin 45 (lag
~ = % a I ] a ~ dy a o
nfsumennudsuamanluasdsulgeaaninauaingili 4.4) wenanilumsinsiey
1 Y
XRF 9162067149 28.71 mA cm” 1 Fe,0, 11111 84.4% (A13519% 4.1) s izaziulugamsnaany
Y 9 < Vo . v & \
ATA UANUANIUVOUHAN (MIAV 0.59, 1.18 11aE 5.9 g/l (INYUINIAIN %Fe,0,) AIUUMT Id
1 a < J Y . . a
aslsvlpequammaunanianlunInadou ATA d3wali Methanogenic bacteria UN1THAR

) =
NIFUINUANAN

300

250 A B0.05g

BE0.1g

200 1 @osg

150

A

100

50

Chemical Fertilizer (mg Fe)

9.57 19.14 28.71
Current density (mA/cm?®)

H = < N 9 1% o
‘iﬂﬁ 4.5 Lm’ﬂﬂ‘ﬂﬁiﬂmmﬁﬂL!ﬁﬁ%ﬂﬂm‘lgljllﬂsljuﬂim!ﬁﬁTﬁﬁ‘Uﬂﬁ‘m ATA
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Anaerobic Toxicity Assay
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51U 4.6 UAAIAT ATA UAAZANUAUTUN T

U

4 a 1 a "

MEBUNUIAAIINATEOBAAIAI1TOUNS 6 1A8 Methanogen bacteria 11a@n1Iz 1591017 910M13
= Aaw ' Aa A A F A o Y
ANY19IUITOUDN Huang e al., 2009 WU YaUNIINIArneTalaNua oy avuluns
o g}z a A < & 1 %) =\ 9 a 1
gugamskaalimu Fuunisaiugumstanlaesmeiimuainindn uazmeosadusnye

' 2] = & < Y o Aaaa Aa A
vssmmsvaatasemasiimu qmzLﬂummuqumimﬂ;]ﬂifnmswamumuuaz"lumimam

Y
°

Y I @ A 4 a a Y A~
wlfmaneen ladilludeend laduazaruaumswaalimumeldan1izdlivian uagainms
o a < =)
naaowzldmslivljsnumwannaumannnnszuaunmsanaznou lWilual Taelinnw
I [ a (% { : o ' o
divduveunanlumsUsulgeauniwaudsgli 4.4 Falunsi ATA laarsdsudgenaniw
a 3 Vo Ay ¥ Y A A X Vo
AUNTUIHANININDY 0.05, 0.1 A 0.5 g N 19 nnszuIums Il ualiRT current density 111
-2 J 1 o a < ' Y 9
9.57,19.14 1182 28.71 mA cm~ WU M3 laasdsulagammannadumanuaas AN NIy
a o = . Y o Y
NTUA ENTOUTIMNTHAAMYLINUYDY Methanogen bacteria 18 ¥117A1ATA 91nN13
A 1 ] a S a0 9 A =\ 1Y A
naaeInims lamslsvljsnunmannaumaniaios ionfFoumeunuganIugu 1199910
' 4 < 4 . . . a a :
ganruqu liliosnlsgnouvounanie 19 Ferric-reducing bacteria 1% 1un15193 ay Ta &9
Ferric-reducing bacteria i lum st ud S uATLUIUNITY electron N1 Methanogen
. =1 [ [ Y] 1 o 3’; ) Y = L= 4 a A
bacteria tazliwasnulumsuusiunna asduin Idganiuauas luliesdlsenouve ananil
1 o ~ 1 [ a 3 A 9 A =
A ATA g @931 4.6 tazmslae sl eqaumnaunaumaniial ATA Heesiliada1ni
Y 9 <3 v 2 o Y . . . 2 2
ANutuIuvo urannauog U3 uaun 11 Ferric-reducing bacteria 8131503 Qa Y Tauag

[

T W [ U U a ©
Naeu luMsuY UM IS electron ¥1AAI Methanogen bacteria 39a4na I NNITHAAN Y
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a v & ' o A 3 = & ' I
Umuanad aaumslaasdsvlpaunmaurammrandadunisussminislantaosnes

WNUVDY Methanogen bacteria &1

d

4.1.6 HAIAI1ZTH XRF

a 4 I a 4 o =\
NI AATILH X-ray fluorescence spectrometry (XRF) umsaasevesnlsznoumaniues

@ ] o a v A g 4 4 ~ 1
519 lud9619 Tagldnsialsuuss@dndyooisdisud (X-ray fluorescence) Nilanane
4 [ a a 4 9}3‘/ 1 = o A (% o
PONNININGINRIAYTZNOULAAZFUA AT NATIZH IAAIUATIA Be D9 U FIUUANNITHIIL
Tago 1o 51naeuNve3 Electron Tugilunudinas #aiuiiavn X-Ray Tube 117 Electron
A A o o o S A A A s A
maouNMNusIaua lnnssaugs (guiiasoslaInemdasimonnsgIugAaIMNTIN, 2013)
A a 4 4 =\ [ a

0 MTNN 41 uaaanadnIziesdlsznoumunlivosmsdsvlysguninau lasns

anagznou liluail ildmswiSuaeenleduaazsianogluasSullysnunmau

Y s o a < a ¢
ﬂ151~1ﬁ 4.1 Llﬁﬂﬂ’ﬂx‘]ﬂ‘ﬂﬁgﬂ’t’)‘U“Vl'NLﬂﬁGUfNﬁ']ﬁﬂiﬂﬂ?\?ﬂﬂ!ﬂ?WﬂuNﬁlll‘l/mﬂﬁﬂﬂﬂ']ﬁ’Jlﬂi'lgﬁ' XRF

Chemical composition Unit (%) | Chemical composition Unit (%)
Fe,O, 84.4 SO, 0.37
P,O, 1.97 MnO 0.24
MgO 0.90 CuO 0.19
CaO 2.03 ZnO 0.12
SiO, 1.46 Cl 0.1085
K,0 0.58

a J A J = @ a =
INWNANITIUNTIEY XRF LW@W1@Qﬂﬂi$ﬂ@UﬂNLﬂM"U@QﬁWiﬂiUﬂ‘éQﬂﬂlﬂWWﬂH%\ﬂMﬂWi
o A 9 a A . Vo 2 A
gutumsanaznoun1a Wi uall 9 current density (M1AY 28.71 mA cm” 3 Fe,0,, P,0,, MgO,
Ca0, SiO,, K,0, SO,, MnO, CuO, ZnO ttag Cl 1l 84.4%, 1.97%, 0.90%, 2.03%, 1.46%, 0.58%,
0.37%, 0.24%, 0.19%, 0.12% 1182 0.11% AINAIHY MANANIIAATIZHAINE1D HlSual Fe,0,

A A Y a A 1 <3 3 3’/ A o '
unnga Luf)ﬂmﬂﬂﬁ%‘u%uﬂﬁ@]ﬂ@wﬂf)uhh/h\h!ﬂll HuWumanu’ Electrode tiaiinsdaos

aszua ihehgszuululfinanna ildukumangnianiou dawaliiinlesaludSuamnn

= Y - s a S o A
G]N?ﬂiJﬁﬂﬁ]ulﬂiﬂﬂl‘ﬂﬂiwuﬂﬂlﬂ\‘]maiﬂﬁ]’ﬂﬂulclfﬂﬂﬂﬁﬁN‘ﬂ 4.1
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4.2 wannnszaums Wilmiilaamsliingevhugnsdunsign

v \ o
4.2.1. NaMNAa0991nM U5V pH nouaAHMHIIH
4.2.1.1 anauynvuveareanieSafia1nnso recovery 10
a %’ =) [ d‘d % 1 a + + - ! v
Tumsaniivanulaslnindedunneidonsaudeluaves Mg’ : NH,: PO,” -P il
1.5: 8.6 : 1 uazdimsUFu/asy current density 1M1 3.94, 7.89 1182 11.83 mA cm” 1udu
9

swnsszeznar lumsinilgnservesnszurums il ualimny 30 uag 60 uH wu anw
9y 9 o A Y o A 2 A a A

iyt uvosloarleSaNa1uso recovery lAuaaasgdd 4.7 Faliilsz@nsn1mns recovery

WINNI 80% NANMIAUTUIY

40 "i 100 ()
— ) - a
= i R ok - 90
> 35 \ﬁo 8
- 30 A L0 &
S 3
g 2 - 60 < ’
s 0 Earaini
c 20 A - 50— v
S 15 - - 40 o Egeqau
g 10 A1 X «—=@=9% Removal
g F 20 o
c 5 L N
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8 -
8 0 : 0
o 3.94 7.89 11.83
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40 100
= e R S (b)
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> 354 [ o
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T 25 - e
© - 60 < 2 2
= o E=ihemenh
c o204 [ ol bso g
. . . . . . . . . . >
S 154 [ BRne s p4 8 B nzneu
2 10 4 30 & —@=09Removal
< - 20 o
< >
g > - 10
I ' | o
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y o v J v [
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oA 9}’o} A o s J a 24 + 3- 1 o

lumsautivanulaslsi@eduanzinioadnuysluaves Mg : NH, : PO, -P 111A1
o o { . Vo 203

1.5: 8.6 : 1 tazyinmsUsunlasu current density (M7 3.94, 7.89 11ag 11.83 mA ecm” 1UAY

gj o AaAana 9] = 1 (% = [

saneszezna lumsilfnsorvesnszuaums Il ualiminu 30 waz 60 Wi Wy

Uszanimmlumsmaaearesanaznis recovery 110071 80% 1)ANITNAGDI 1HB991NNS

Y
anaznouvedasUSulInunIWALIUegnUTITeR 199 15U pH, 8n51d21B Tuaved Mg

[ 3

NH, : PO, -P, MINIUHTY 1azQU1nN 91INUIVBV0Q Zhang ef al., 2012 MITINAIVOIAS

Usvilenunmauszinatuiiol pH ge avaunsil
Mg" +PO,” +NH, +6H,0 < MgNH,PO,.6H,0

@

=2 3 o w [ a X o A 3
i pH ilutlatsdiag lumsanazneumslsvilyanamnanslumsdutuauzsiing
7 1 % 1 1 9| 1 o a A dﬂf d‘i
15D pH 1AV 9.5 neusrenszua I uazszyIen sty pH LN 1189910
Y ' = v & , y Y -4 &
8n31IMIUNINTZIeveteenFau lguiua Tna dwwalianududuyes OH uwIndu
[ gj 3 a 9 v o 3 o
(Wang et al., 2010) HagHAINUUANANTZUIUMIMIANAZNOULGIT AN UaT1TD1/59
a [} [ y % ' = [
aunmwaudedwalinnududuvesloaneSanazaninnaooglulSuanios uazdawalid
a Aa o w 12 901 ! v 2
Uszaninmgalumsmisarearesaoonainindelieglugluesarsdsulsnuninau
~ dy Aada 1 ] o o =N ° Yy a
(319 4.7) venaINHgUHYNNTHAABNTANAZNBUIFUNY 1N 12 pH N1 gungiizyilvnans
WasunlaalasnsaueanNUBNAITIEIATEHINNNTZUIUNTANAZNOY (Mariska ef al., 2010)
2 Aa a o w @ A X A A A I
nazuenani Uszdnsamlumsmdaneane Smnuvulogurgiiiy (310 5°C 11l 50°C)

ioannignsenvesmsankanszaaaiiogungiie (Song er al., 2011) wazlumsduiuau

U

[

H Id A A o ' Aa

indedunsiziliguugll 25-27°C, pH 384U 9.5, UN15NIUNAN 1HAzoAT1d T Tuaves
2+ + 3— T o Y] A g o R A ]

Mg : NH, : PO, P 101 1.5 : 8.6 : 1 el duiludnimgranilanadanalinszuiunis

Tflunatitidszansnmgalunmsivanoaosa

3 a 4 [ o S o 1 1 2+ + 3- 1w = A
WAehsngnIduns 1z Iaelions1d@IusgnINe Mg - NH, : PO, -P tM1A1 1:8: 1 1 pH 0
1 1 é a a o v 1 % L} Q 3
MIzaNeglueig 9.5-10.5 Falszansnmlumsmsanoaaminy 93% ualunisnduny
o pH wnn 11 g lddsganiamlumsmiadeaninanas ieosnnwanarslsuily
a =1 < A~ Y a %’ S R 1 9 wAa
AUNNANIENVINAENNDN pH AU 11 INS12AA flocculent THUFs 39dawa Iigarauiialy

9 9
ﬂTiGlﬂG]%ﬂﬂuaﬂaﬁllﬁ%ﬂWii’)M@’Jﬂlﬂﬂ’dTﬁ’]J'i’]J‘]J‘E\‘iﬂmﬂWWﬂuﬂZgﬂﬂﬁJﬂﬂﬂﬂﬁu (Song et al.,

& o Y o 2 A a Y 9 X 0o q ¥
2007) FUUANAAINANITDAAADINUNITNAADIU LUDUANUVNVUNTSUTUINVY i
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4.2.1.2 anuilunsans (pH)
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9
ninmaduiuau iluaii Taensoense laih 1 gan Electrode waz lumsdutiuaiuaziiinig

[l ] ] Y
U5 pH 111D 9.5 Peudenszua 1Wih wun weisunszuiums Iiluadl 19 pH dinannvuy

L%i?]flc] (gﬂ‘ﬁ 4.8)

11.00
=4=3.94 mA/cm2 @
11.83 mA/cm?2
10.40 -
I
o
10.10 A u
!_.__/.—7
r
9.80 - /'
: —
W
9.50 T T T T T
0 5 10 15 20 25 30
Operating time (minutes)
11.00
=¢=3.94 mA/cm2 (b)
10.70 =fi=7.89 mA/cm2
11.83 mA/cm?2
10.40 -
T
o
10.10 -
9.80 A
9.50 ¢ : : : : :
0 10 20 30 40 50 60

Operating time (minutes)

3 [ I [ o A
31 4.8 ugasmanuilunsaaemnamaduiuau lniluaii Tastinnududunsue

1 uJ = o a 2 tﬂy =) =)
ANNUIAZUTZE2a1 UM TA UL A9 (a) 30 U 1 (b) 60 UIN



59

) ! 1]
vinmsandiuau ldiuaiiTasn1soiense Il ldgan Electrode wua1 oS unszuauns
9| a0 v A A A = a - S A o
TW#luadl i1 pH umInAuFes mszliniane OH YuvauaIng 1He491n9A31015
) v Y
unsnszaevetoandau lguiunTna dewalianududuves OH MUIINTUARIAUNITUDS

Wang et al., 2010

0,+ 2H,0+4e —> 40H

1
H,0+e — —H,+ OH
2

lflumsnaaesdinnumnzaudemsanaznouvesasUsulgsquninduiiesninile pH

A danaldl PO,"-P,NH, naz Mg" fieglhnindesunszuimnsanaznomiuaisdiulys

AUMNAL 1AZINMIANEIHAI18ILTT Nud pH Ammzanlumsanaznouarsdiulye

AuNNALEYlUYI 9.0-10.0 LAZIINMTANBINIUIIGVOI Zhang ef al., 2012, Wang et al., 2010,

Cusick and Logan (2011) W31 1 pH fimmzanlumsanazneuansdiulananmaumsy
. 4

Y 4
8.0-11.0 ﬂQl!lli‘l!ﬂ?i‘ﬂﬂﬁi’)ﬁﬁﬂﬁﬂTJ%V]LﬂNW%ﬁN@]@ﬂ']ﬁ@ﬂ@zﬂ@uﬁWiﬂﬁUﬂEﬂﬂmﬂWWﬂu%ﬁ

] a a o w { [ %
dawaldnszuoums lileiiidszaninmgalumsivaneamlanogluiinde

4.2.1.3 ANWTNYUVRIENTIUNTE (COD)
~ Yy 9 a A As A X ~ Y 9
10 37 4.9 uaaaanuEduTuveIasduNI g lugs Tod Felunisnaassazinssua Ny
= A W ' 9 = vy a o d
Y99% ToAMINY 1000 mg/l 910 CH,COOH WuNnszuums Ililuaiilasldindedunsizs

[

MInaToUNI lAiloy
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Current density (mA/cm?)
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o a g [ P
Tumsdutiuauanaznoudlonizuiuns liiluad TaelHindesdunsizvinianuduay

NIZUANIND 3.94, 7.89 Az 11.83 mA cm” Iasdiszaziarlunsiidgnsen luflualiminy 30

[

~ 1 o a A Jd 1 Y 9 Aq YA a a
1A 60 1N WUN MIMIAMTDUNTIUAazANUITNTUNTIANaY T oz 1505z anTan
o w a 7o { 4 a A o w
lumsmaamsouniga (U 4.9) esnniszaninmlumsmida coD voenszuIUNg

9) ddﬂl "o v o . < Y
Trlfaivued UNITIINAINUVDIBUYNIA organic matters, Mg LIAS P Lﬂu@u(Zhang etal., 2012)

U

o o w a 4 a a I~
uagnszuaums Wilualiansoiunldmsaamsounidcon) 1dTaoiidszansaings n
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4.2.1.4 Anaerobic Toxicity Assay (ATA)
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Fe concentration (mg/1)
Soil Soil conditioner mixing iron from EC process
Concentration | Control | conditioner 3.94mA cm” 7.89 mA cm” 11.83 mA cm”
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4.2.1.6 X-ray Fluorescence (XRF)
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4.2.1.7 X-ray diffraction (XRD)
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Phosphorus (mg/1)

I1(A) Area (cmz) mA/cm’ Time

1 2 Avg %Eff

0 32.50 35.03 33.77 0.00

1 19.60 18.00 18.80 44.33

2 12.40 13.33 12.87 61.90

5 10.80 11.93 11.37 66.34

1 104.5 9.57 10 7.80 7.53 7.67 77.30
15 4.75 4.92 4.83 85.69

30 5.10 5.43 5.27 84.40

45 4.41 5.06 4.73 85.98

60 5.20 5.33 5.27 84.40

0 33.77 33.77 33.77 0.00

1 18.87 14.47 16.67 50.65

2 18.53 13.17 15.85 53.06

5 11.67 8.07 9.87 70.78

2 104.5 19.14 10 9.43 6.37 7.90 76.61
15 7.27 5.73 6.50 80.75

30 7.20 3.77 5.48 83.76

45 3.40 4.27 3.83 88.65

60 1.17 1.80 1.48 95.61

0 35.80 23.70 29.75 0.00

1 24.27 15.75 20.01 32.75

2 12.53 12.65 12.59 57.68

5 2.83 5.12 3.98 86.64

3 104.5 28.71 10 1.67 3.37 2.52 91.54
15 0.77 2.82 1.79 93.98

30 0.47 1.37 0.92 96.92

45 0.00 0.82 0.41 98.63

60 0.00 0.28 0.14 99.52
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) ) Fe (mg/1)
I1(A) Area (cm) | mA/cm Time
1 2 Avg
0 3.38 3.38 3.38
1 24.50 20.50 22.50
2 21.13 21.13 21.13
5 38.63 51.63 45.13
1 104.5 9.57 10 85.88 79.75 82.81
15 127.50 118.63 123.06
30 332.38 250.00 291.19
45 343.75 363.00 353.38
60 348.50 362.88 355.69
0 2.75 3.38 3.06
1 18.75 22.25 20.50
2 36.88 43.63 40.25
5 73.00 80.00 76.50
2 104.5 19.14 10 139.13 152.38 145.75
15 195.38 264.13 229.75
30 340.50 363.38 351.94
45 369.75 364.88 367.31
60 368.38 363.38 365.88
0 1.85 3.00 2.43
1 28.06 28.00 28.03
2 54.44 54.38 54.41
5 122.63 120.75 121.69
3 104.5 28.71 10 228.63 222.13 225.38
15 327.75 319.50 323.63
30 416.63 380.75 398.69
45 377.13 380.13 378.63
60 368.25 373.63 370.94
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current density

COD (mg/l)

% Removal COD

mA/cm’ Inf Eff
9.57 408 83.6 79.56
19.14 409.5 83.6 79.59
28.71 404.77 47.52 88.24

3 o < @ a
M319f 0.4 udasranInMImuINANmTUTuran TuasdTul jenunman

current density

Fe (mg Fe / g Soil conditioner mixing Iron)

mA/cm’ 1 2 Avg.
9.57 443.25 368.75 368.75
19.14 352.875 351.875 352.375
28.71 475 - 475




M5199 1.5 HAAIHAINNITAIUIUAT Anaerobic Toxicity Assay (ATA)

Control (1)
gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production | of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml) at0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)
1/7/56 0 0 0 72 0 0 0 0 0 0 0

8/7/56 | 140.3 | 5.846 30.30 102.3 13782 | 13.3562 | 10.616456 10.6165 30.3312 30.3312 0.006066

3.10
12/7/56 | 236.3 | 9.846 40.20 112.2 42040 | 33.5267 | 21.756383 32.3728 92.4892 62.1580 0.018498
25/7/56 | 548.3 | 22.85 5.50 77.5 28902 | 35.3012 | 2.501323 34.8742 99.6355 7.1463 0.019927

Control (2)
gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production | of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH,area | %CH, | (ml) at0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)

1/7/56 0 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000
8/7/56 | 140.3 | 5.85 27.85 99.85 10407 | 12.2342 | 9.491714 9.4917 27.1178 27.1178 0.005424

3.00
12/7/56 | 236.3 | 9.85 429 114.90 37885 | 31.0027 | 20.834073 30.3258 86.6408 59.5229 0.017328
25/7/56 | 548.3 | 22.85 6.20 78.20 30036 | 34.7774 | 3.787085 34.1129 97.4605 10.8197 0.019492

66



M5199 1.5 LAAIHAINNITAIUIUAT Anaerobic Toxicity Assay (ATA) (AD)

Soil conditioner from EC process at current density 9.57 mA/cm’ 0.05¢ (1)
gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD

Date production volume production | of CH, of CH, of CH, (mgCH,-COD

/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml)at 0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)
1/7/56 0 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000
8/7/56 | 140.3 | 5.85 51.00 123.00 28251 | 29.4665 | 28.161429 28.1614 80.4572 80.4572 0.016091
0.2
12/7/56 | 236.3 | 9.85 18.10 90.10 41100 | 33.0369 | 6.643635 34.8051 99.4381 18.9809 0.019888
25/7/56 | 548.3 | 22.85 2.90 74.90 29521 354995 | 2.177587 36.9827 105.6594 6.2214 0.021132
Soil conditioner from EC process at current density 9.57 mA/cm’ 0.05¢ (2)
gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Date Time gas analysis mgCH,-COD
production | volume production of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml) at0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)
1/7/56 0 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000
8/7/56 | 140.3 | 5.85 46.30 118.30 25128 | 26.6023 | 24.452595 24.4526 69.8611 69.8611 0.013972
0.3
12/7/56 | 236.3 | 9.85 23.30 95.30 38773 | 33.2284 | 9.722608 34.1752 97.6386 27.7775 0.019528
25/7/56 | 548.3 | 22.85 3.50 75.50 30973 | 36.2779 | 2.692590 36.8678 105.3313 7.6927 0.021066

001



M5199 1.5 LAAIHAINNITAIUIUAT Anaerobic Toxicity Assay (ATA) (AD)

Soil conditioner from EC process at current density 9.57 mA/cm’ 0.1g (1)
gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production | of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH,area | %CH, | (ml) at0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)
1/7/56 0 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000
8/7/56 | 140.3 | 5.85 62.00 134.00 32944 | 34.8295 | 36.263779 36.2638 103.6056 | 103.6056 0.020721
0.1
12/7/56 | 236.3 | 9.85 5.80 77.80 41629 | 34.1405 | 1.153122 37.4169 106.9001 3.2945 0.021380
25/7/56 | 548.3 | 22.85 2.50 74.50 31360 36.788 2.195724 39.6126 113.1733 6.2732 0.022635
Soil conditioner from EC process at current density 9.57 mA/cm’ 0.1g (2)
gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production volume production of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml)at 0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)
1/7/56 0 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000
8/7/56 | 140.3 | 5.85 58.15 130.15 32603 | 33.4618 | 33.838764 33.8388 96.6773 96.6773 0.019335
0.2

12/7/56 | 236.3 | 9.85 12.50 84.50 40056 | 33.5439 | 3.303881 37.1426 106.1165 9.4392 0.021223
25/7/56 | 548.3 | 22.85 2.50 74.50 31274 | 36.0632 | 2.109925 39.2526 112.1446 6.0281 0.022429
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M5199 1.5 LAAIHAINNITAIUIUAT Anaerobic Toxicity Assay (ATA) (AD)

Soil conditioner from EC process at current density 9.57 mA/cm’ 0.5g (1)

gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production | of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH,area | %CH, | (ml) at0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)
1/7/56 0.0 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000
8/7/56 | 140.3 | 5.85 53.40 125.40 27662 33.407 | 32.550378 32.5504 92.9964 92.9964 0.018599
0.1
12/7/56 | 236.3 | 9.85 2.10 74.10 35587 | 34.7249 | 1.303892 33.8543 96.7216 3.7252 0.019344
25/7/56 | 548.3 | 22.85 1.80 73.80 32620 | 37.8666 | 2.287195 36.1415 103.2562 6.5345 0.020651
Soil conditioner from EC process at current density 9.57 mA/cm’ 0.5g (2)
gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml)at 0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)
1/7/56 0 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000
8/7/56 | 140.3 | 5.85 55.30 127.30 31384 | 33.3471 | 32.984317 32.9843 94.2362 94.2362 0.018847
0.1

12/7/56 | 236.3 | 9.85 1.90 73.90 40398 | 34.1753 | 0.967858 33.9522 97.0014 2.7652 0.019400
25/7/56 | 548.3 | 22.85 1.50 73.50 33911 38.997 3.151962 37.1041 106.0065 9.0052 0.021201
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M5199 1.5 LAAIHAINNITAIUIUAT Anaerobic Toxicity Assay (ATA) (AD)

Soil conditioner from EC process at current density 19.14 mA/cm’ 0.05g (1)
gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD

Date production | volume production | of CH, of CH, of CH, (mgCH,-COD

/mgVSS

hr day (ml) (ml) CH,area | %CH, | (ml) at0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)
1/7/56 0 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000
8/7/56 | 140.3 | 5.85 48.95 120.95 27243 | 28.2937 | 26.589896 26.5899 75.9673 75.9673 0.015193
0.1
12/7/56 | 236.3 | 9.85 9.70 81.70 35205 | 29.4131 | 2.843073 29.4330 84.0900 8.1227 0.016818
25/7/56 | 548.3 | 22.85 1.80 73.80 27560 | 31.6674 | 1.704046 31.1370 88.9585 4.8685 0.017792
Soil conditioner from EC process at current density 19.14 mA/cm’ 0.05¢g (2)
gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml)at 0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)
1/7/56 0 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000
8/7/56 | 140.3 | 5.85 34.30 106.30 20211 20.682 | 17.082319 17.0823 48.8042 48.8042 0.009761
0.3

12/7/56 | 236.3 | 9.85 24.10 96.10 36044 | 30.0495 | 10.867533 27.9499 79.8527 31.0485 0.015971
25/7/56 | 548.3 | 22.85 1.80 73.80 28575 | 32.0096 | 1.544245 29.4941 84.2646 44119 0.016853
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M5199 1.5 LAAIHAINNITAIUIUAT Anaerobic Toxicity Assay (ATA) (AD)

Soil conditioner from EC process at current density 19.14 mA/cm’ 0.1g (1)
gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production | of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH,area | %CH, | (ml) at0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)
1/7/56 0 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000
8/7/56 | 140.3 | 5.85 61.00 133.00 32545 | 34.5298 | 35.683441 35.6834 101.9476 | 101.9476 0.020390
0.1
12/7/56 | 236.3 | 9.85 5.10 77.10 41265 | 34.3444 | 1.257245 36.9407 105.5395 3.5920 0.021108
25/7/56 | 548.3 | 22.85 1.80 73.80 31411 | 36.7825 | 1.878411 38.8191 110.9062 5.3666 0.022181
Soil conditioner from EC process at current density 19.14 mA/cm’ 0.1g (2)
gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml)at 0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)
1/7/56 0 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000
8/7/56 | 140.3 | 5.85 54.00 126.00 26969 | 33.3149 | 32.615953 32.6160 93.1838 93.1838 0.018637
0.2
12/7/56 | 236.3 | 9.85 11.30 83.30 41968 | 33.7748 | 3.222748 35.8387 102.3912 9.2074 0.020478
25/7/56 | 548.3 | 22.85 2.00 74.00 31680 | 36.4956 | 2.089266 37.9280 108.3602 5.9690 0.021672
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M5199 1.5 LAAIHAINNITAIUIUAT Anaerobic Toxicity Assay (ATA) (AD)

Soil conditioner from EC process at current density 19.14 mA/cm” 0.5¢ (1)
gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD

Date production | volume production | of CH, of CH, of CH, (mgCH,-COD

/mgVSS

hr day (ml) (ml) CH,area | %CH, | (ml) at0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)
1/7/56 0.0 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000
8/7/56 | 140.3 | 5.85 45.35 117.35 32327 | 33.8908 | 30.901953 30.9020 88.2869 88.2869 0.017657
0.2
12/7/56 | 236.3 | 9.85 5.40 77.40 40832 34.574 1.832865 32.7348 93.5234 5.2365 0.018705
25/7/56 | 548.3 | 22.85 1.20 73.20 32611 | 39.1017 | 2.897561 35.6324 101.8017 8.2783 0.020360
Soil conditioner from EC process at current density 19.14 mA/cm’ 0.5g (2)
gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml)at0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)
1/7/56 0.0 | 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000
8/7/56 | 140.3 | 5.85 48.40 120.40 30859 33.6625 | 31.491538 31.4915 89.9713 89.9713 0.017994
0.1

12/7/56 | 236.3 | 9.85 2.00 74.00 41014 34.9829 | 1.282319 32.7739 93.6349 3.6636 0.018727
25/7/56 | 548.3 | 22.85 2.30 74.30 31020 37.866 | 2.289625 35.0635 100.1764 6.5415 0.020035
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M5199 1.5 LAAIHAINNITAIUIUAT Anaerobic Toxicity Assay (ATA) (AD)

Soil conditioner from EC process at current density 28.71 mA/cm” 0.05g (1)
gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD

Date production | volume production | of CH, of CH, of CH, (mgCH,-COD

/mgVSS

hr day (ml) (ml) CH, area %CH, | (ml)at 0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)
1/7/56 0.0 | 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000
8/7/56 | 140.3 | 5.85 5545 127.45 26002 31.2625 | 30.958832 30.9588 88.4494 88.4494 0.017690
0.2
12/7/56 | 236.3 | 9.85 12.20 84.20 41045 33.6975 | 4.556557 35.5154 | 101.4675 | 13.0181 0.020293
25/7/56 | 548.3 | 22.85 3.10 75.10 28865 35.5474 | 1.891138 37.4065 106.8704 5.4030 0.021374
Soil conditioner from EC process at current density 28.71 mA/cm’ 0.05g (2)
gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production | of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area %CH, | (ml) at 0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)
1/7/56 0.0 | 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000
8/7/56 | 140.3 | 5.85 53.00 125.00 30427 30.9555 | 30.065529 | 30.0655 85.8972 85.8972 0.017179
0.2

12/7/56 | 236.3 | 9.85 13.60 85.60 39134 32.0346 | 3.988852 34.0544 97.2934 11.3962 0.019459
25/7/56 | 548.3 | 22.85 3.30 75.30 29330 34.7233 | 2.394506 36.4489 | 104.1345 6.8411 0.020827
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M5199 1.5 LAAIHAINNITAIUIUAT Anaerobic Toxicity Assay (ATA) (AD)

Soil conditioner from EC process at current density 28.71 mA/cm” 0.1g (1)
gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD

Date production | volume production | of CH, of CH, of CH, (mgCH,-COD

/mgVSS

hr day (ml) (ml) CH,area | %CH, | (ml) at0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)
1/7/56 0.0 | 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000
8/7/56 | 140.3 | 5.85 54.15 126.15 30562 32.9536 | 32.300641 32.3006 92.2829 92.2829 0.018457
0.1
12/7/56 | 236.3 | 9.85 7.70 79.70 40235 33.9749 | 2.604040 34.9047 99.7227 7.4397 0.019945
25/7/56 | 548.3 | 22.85 2.50 74.50 28966 36.1545 | 1.921657 36.8263 105.2128 5.4902 0.021043
Soil conditioner from EC process at current density 28.71 mA/cm’ 0.1g (2)
gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml)at 0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)
1/7/56 0.0 | 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000
8/7/56 | 140.3 | 5.85 62.45 134.45 30188 32.405 | 33.852742 33.8527 96.7173 96.7173 0.019343
0.1

12/7/56 | 236.3 | 9.85 2.00 74.00 40271 | 32.3398 | 0.466085 34.3188 98.0489 1.3316 0.019610
25/7/56 | 548.3 | 22.85 1.50 73.50 30351 | 35.7678 | 2.334634 36.6535 104.7189 6.6700 0.020944
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M5199 1.5 LAAIHAINNITAIUIUAT Anaerobic Toxicity Assay (ATA) (AD)

Soil conditioner from EC process at current density 28.71 mA/cm’ 0.5g (1)
gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production | of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH,area | %CH, | (ml) at 0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)

1/7/56 0.0 | 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000

8/7/56 | 140.3 | 5.85 40.50 112.50 29184 | 30.8607 | 26.976109 | 26.9761 77.0707 77.0707 0.015414
0.1

12/7/56 | 236.3 | 9.85 1.80 73.80 37501 | 31.7224 | 0.925739 27.9018 79.7156 2.6448 0.015943

25/7/56 | 548.3 | 22.85 2.20 74.20 29317 | 36.2044 | 3.126288 31.0281 88.6474 8.9318 0.017729
Soil conditioner from EC process at current density 28.71 mA/cm’ 0.5g (2)
gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production volume production of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml)at 0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)
1/7/56 0.0 | 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000
8/7/56 | 140.3 | 5.85 37.10 109.10 29403 31.267 | 26.505255 26.5053 75.7255 75.7255 0.015145
0.2
12/7/56 | 236.3 | 9.85 4.40 76.40 38348 31.362 1.125351 27.6306 78.9406 3.2151 0.015788
25/7/56 | 548.3 | 22.85 1.70 73.70 30786 | 37.1363 | 3.720908 31.3515 89.5713 10.6306 0.017914
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M990 U1 UEAINANNMIAUIUANUTUTHY D anle T

Current P(Soluble)
Area of plate Time
Date 1(A) density Inf Eff % Eff | Avg. %Eff
(sz) (mA/cmz) (min) ml abs mg/1 ml abs mg/1 Avg.

1 0.6090 40.60 2 0.0685 2.28 94.46

17/9/2556 1 253.5 3.94 60 2.28 85.87
1 0.6090 40.60 1 0.1405 9.37 77.28
1 0.6635 44.23 2 0.0880 2.93 94.00

25/9/2556 1 253.5 3.94 30 2.83 94.22
1 0.6635 44.23 2 0.0815 2.72 94.44
2 1.2295 40.98 2 0.1295 4.32 89.78

26/9/2556 2 253.5 7.89 60 4.51 89.33
2 1.2295 40.98 2 0.1410 4.70 88.88
2 1.0275 34.25 2 0.0925 3.08 91.77

25/9/2556 2 253.5 7.89 30 3.18 91.50
2 1.0275 34.25 2 0.0985 3.28 91.23
2 1.1400 38.00 2 0.1735 5.78 84.81

30/9/2556 3 253.5 11.83 60 5.68 85.09
2 1.1400 38.00 2 0.1670 5.57 85.38
2 1.2295 40.98 2 0.1920 6.40 84.85

30/9/2556 3 253.5 11.83 30 6.26 84.39
2 1.1400 38.00 2 0.1835 6.12 83.93
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M319f v.2 taaa pH nmsarniuau luiluad
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Time 3.94mA em” Avg.
0 9.493 9.439 9.509 9.507 9.509 9.49
5 9.56 9.518 9.528 9.627 9.632 9.57
10 9.564 9.523 9.533 9.629 9.65 9.58
15 9.578 9.531 9.627 9.632 9.662 9.61
20 9.608 9.544 9.673 9.658 9.705 9.64
25 9.628 9.558 9.676 9.672 9.748 9.66
30 9.635 9.568 9.699 9.709 9.81 9.68
Time 7.89 mA cm”’ Avg.
0 9.488 9.559 9.468 9.539 9.51
5 9.571 9.874 9.642 10.315 9.85
10 9.522 9.85 9.663 10.438 9.88
15 9.67 9.865 9.668 10.506 9.91
20 9.691 9.901 9.67 10.661 9.97
25 9.702 9.936 9.686 10.763 10.01
30 9.709 9.939 9.688 10.803 10.03
Time 11.83mA cm” Avg.
0 9.483 9.515 9.49 9.51 9.50 9.50 9.50 9.50
5 9.895 9.677 9.59 10.11 9.87 10.12 9.88 9.88
10 9.925 9.712 9.594 10.25 9.98 10.49 10.10 10.01
15 9.959 9.721 9.676 10.39 10.01 10.69 10.39 10.12
20 9.99 9.767 9.687 10.5 10.04 10.72 10.40 10.16
25 10.011 9.782 9.717 10.57 10.14 10.73 10.42 10.20
30 10.085 9.801 9.759 10.73 10.31 10.76 10.50 10.28




3199 v.2 taean pH mnmsaniuau il (@e)
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Time 3.94mA cm” Avg.
0 9.518 9.513 9.513 9.497 9.498 9.51
5 9.705 9.584 9.652 9.663 9.637 9.65
10 9.711 9.595 9.661 9.665 9.648 9.66
15 9.732 9.595 9.669 9.666 9.673 9.67
20 9.741 9.596 9.69 9.683 9.702 9.68
25 9.748 9.597 9.723 9.711 9.717 9.70
30 9.783 9.644 9.759 9.725 9.748 9.73
35 9.791 9.679 9.798 9.739 9.749 9.75
40 9.799 9.696 9.831 9.782 9.757 9.77
45 9.808 9.7 9.759 9.802 9.773 9.77
50 9.86 9.717 9.785 9.85 9.79 9.80
55 9.823 9.717 9.826 9.874 9.805 9.81
60 9.893 9.722 9.848 9.91 9.812 9.84

Time 7.89 mA cm” Avg.

0 9.49 9.500 9.50
5 10.06 9.551 9.81
10 10.07 9.569 9.82
15 10.14 9.681 9.91
20 10.21 9.771 9.99
25 10.28 9.786 10.03
30 10.30 9.815 10.06
35 10.34 9.826 10.08
40 10.38 9.846 10.11
45 10.42 9.865 10.14
50 10.45 9.896 10.17
55 10.47 9.902 10.18
60 10.52 9.975 10.25




3199 v.2 taean pH mnmsaniuau il (@e)
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Time 11.83 mA em” Avg.
0 9.51 9.446 9.471 9.51 9.51 9.50 9.50 9.50 9.49
5 9.757 9.651 9.668 9.85 9.86 9.92 9.87 9.96 9.82
10 9.796 9.769 9.708 9.94 10.33 10.40 9.95 10.05 9.99
15 9.908 9.881 9.778 10.03 10.33 10.47 10.02 10.15 10.07
20 9.918 9.982 9.887 10.06 10.40 10.63 10.26 10.28 10.18
25 9.946 9.986 9.986 10.08 10.52 10.69 10.33 10.3 10.23
30 9.972 10.015 9.988 10.08 10.54 10.70 10.40 10.37 10.26
35 9.957 10.061 10.06 10.13 10.66 10.74 10.61 10.45 10.33
40 9.985 10.064 10.23 10.13 10.75 10.74 10.65 10.47 10.38
45 10.006 | 10.065 10.23 10.20 10.76 10.80 10.68 10.54 10.41
50 10.026 | 10.069 10.25 10.21 10.83 10.81 10.68 10.56 10.43
55 10.043 | 10.082 | 10.47 10.24 10.85 10.88 10.69 10.60 10.48
60 10.049 | 10.09 10.55 10.33 10.90 11.09 10.97 10.64 10.58

M3197 1.3 uaAIraNMIMIIBANUITNTUYe A5 oUNIS Uzl CoD
Current density Time COD (mg/l)
2 %Removal
(mAcm") (min) Inf Eff

30 1000 773.55 22.64

3.94
60 1000 727.87 27.21
30 1000 649.18 35.08

7.89
60 1000 668.85 33.11
30 1000 786.89 21.31

11.83
60 1000 786.89 21.31




M50 U4 UTAINAVINNTAIUIUAT Anaerobic Toxicity Assay (ATA)

Control (1)
gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production | of CH, of CH, of CH, VS (mgCH,-COD
hr day (ml) (ml) CH,area | %CH, | (ml) at0°C (ml) (mgCOD) | (mgCOD) ¢ /gVSS.day)
22/10/56 | 0.0 | 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000
24/10/56 | 36.0 | 1.50 11.25 83.25 434 0.6552 0.423818 0.4238 1.2108 1.2108 0.000242
25/10/56 | 60.0 | 2.50 1.65 73.65 104 0.9537 0.179220 0.6030 1.7229 0.5120 0.000345
29/10/56 | 156.5 | 6.52 2.55 74.55 245 1.4268 0.292941 0.8960 2.5598 0.8369 0.000512 0.5
30/10/56 | 180.5 | 7.52 1.15 73.15 1435 2.2981 0.507975 1.4040 4.0111 1.4513 0.000802
31/10/56 | 204.5 | 8.52 0.60 72.60 1023 2.3648 0.048339 1.4523 4.1492 0.1381 0.000830
13/11/56 | 524.6 | 21.86 20.90 92.90 11191 | 16.6272 | 10.679098 12.1314 34.6594 30.5102 0.006932
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M5 U4 LAAINAVINNITAIUIUAT Anaerobic Toxicity Assay (ATA) (A9)

Control (2)
gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production | of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml)at0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)
22/10/56 | 0.0 | 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000
24/10/56 | 36.0 | 1.50 11.25 83.25 280 0.4306 | 0.278535 0.2785 0.7958 0.7958 0.000159
25/10/56 | 60.0 | 2.50 1.90 73.90 482 0.7906 | 0.213070 0.4916 1.4045 0.6087 0.000281
0.5

30/10/56 | 180.5 | 7.52 0.65 72.65 393 1.6235 0.474157 0.9658 2.7592 1.3547 0.000552
1/11/56 | 229.5 | 9.56 0.90 72.90 1268 1.7407 0.077739 1.0435 2.9813 0.2221 0.000596
13/11/56 | 524.6 | 21.86 21.40 93.40 10902 | 16.3318 | 10.878464 11.9220 34.0611 31.0798 0.006812
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M5 U4 LAAINAVINNITAIUIUAT Anaerobic Toxicity Assay (ATA) (AD)

Soil conditioner (no iron) 1g (1)

gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production | of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml) at 0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)

22/10/56 | 0.0 | 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000

23/10/56 | 12.0 | 0.50 6.10 78.10 419 0.4372 | 0.265309 0.2653 0.7580 0.7580 0.000152

24/10/56 | 36.0 | 1.50 3.15 75.15 1102 1.8614 | 0.842313 1.1076 3.1645 2.4065 0.000633

25/10/56 | 60.0 | 2.50 1.40 73.40 2389 2.7366 | 0.519391 1.6270 4.6484 1.4839 0.000930

26/10/56 | 84.0 | 3.50 2.90 74.90 529 3.6652 | 0.602084 2.2291 6.3685 1.7202 0.001274 0.9

31/10/56 | 204.5 | 8.52 7.80 79.80 1429 14.4715 | 6.922536 9.1516 26.1462 19.7777 0.005229

1/11/56 | 229.5 | 9.56 5.40 77.40 3743 18.1706 | 2.831827 11.9835 34.2367 8.0905 0.006847

4/11/56 | 302.8 | 12.62 6.00 78.00 4652 22.5285 | 3.488262 15.4717 44.2027 9.9660 0.008841

13/11/56 | 524.6 | 21.86 2.80 74.80 20962 | 31.7215 | 5.833065 21.3048 60.8678 16.6651 0.012174
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M5 U4 LAAINAVINNITAIUIUAT Anaerobic Toxicity Assay (ATA) (A9)

Soil conditioner (no iron) 1g (2)
gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production | of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH,area | %CH, | (ml) at0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)

22/10/56 | 0.0 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000

23/10/56 | 12.0 | 0.50 6.10 78.10 476 0.5033 0.305421 0.3054 0.8726 0.8726 0.000175

24/10/56 | 36.0 | 1.50 2.90 74.90 1316 2.0226 | 0.895532 1.2010 3.4311 2.5585 0.000686

29/10/56 | 156.5 | 6.52 8.50 80.50 1440 12.232 6.519409 7.7204 22.0571 18.6260 0.004411

30/10/56 | 180.5 | 7.52 4.90 76.90 5038 14.0763 | 1.567702 9.2881 26.5360 4.4789 0.005307 1.1

31/10/56 | 204.5 | 8.52 5.15 77.15 3427 16.5134 | 2.024203 11.3123 32.3191 5.7831 0.006464

1/11/56 | 229.5 | 9.56 4.40 76.40 1470 19.3247 | 2.233427 13.5457 38.7000 6.3809 0.007740

8/11/56 | 397.3 | 16.55 4.40 76.40 7795 32.7123 | 8.607927 22.1536 63.2929 24.5928 0.012659

13/11/56 | 524.6 | 21.86 10.15 82.15 19783 | 30.9488 | 1.454220 23.6078 67.4476 4.1547 0.013490
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M5 U4 LAAINAVINNITAIUIUAT Anaerobic Toxicity Assay (ATA) (A9)

Soil conditioner (no iron) 5g
gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production | of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH,area | %CH, | (ml)at 0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)
22/10/56 | 0.0 | 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000
23/10/56 | 12.0 | 0.50 5.85 77.85 711 0.756 0.457300 0.4573 1.3065 1.3065 0.000261
24/10/56 | 36.0 | 1.50 4.65 76.65 1976 3.3525 1.573713 2.0310 5.8026 4.4961 0.001161
25/10/56 | 60.0 | 2.50 3.90 75.90 3567 4.7244 | 0.910659 2.9417 8.4044 2.6018 0.001681
26/10/56 | 84.0 | 3.50 4.90 76.90 288 5.1434 | 0.430230 3.3719 9.6335 1.2292 0.001927
29/10/56 | 156.5 | 6.52 5.40 77.40 984.5 9.8944 | 3.073049 6.4450 18.4132 8.7797 0.003683 3.0
30/10/56 | 180.5 | 7.52 3.15 75.15 3028 11.0328 | 0.906900 7.3519 21.0042 2.5910 0.004201
31/10/56 | 204.5 | 8.52 3.90 75.90 2237 12.5721 | 1.242118 8.5940 24.5530 3.5487 0.004911
1/11/56 | 229.5 | 9.56 4.40 76.40 8816 15.5386 | 2.190812 10.7848 30.8121 6.2592 0.006162
4/11/56 | 302.8 | 12.62 25.00 97.00 7191 34.7211 | 17.476031 28.2608 80.7411 49.9290 0.016148
8/11/56 | 397.3 | 16.55 16.00 88.00 12647 57.06 19.590973 47.8518 136.7126 55.9714 0.027343
13/11/56 | 524.6 | 21.86 32.00 104.00 32423 | 50.1042 | 8.566556 56.4183 161.1872 24.4746 0.032237
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M5 U4 LAAINAVINNITAIUIUAT Anaerobic Toxicity Assay (ATA) (AD)

Soil conditioner from EC process at current density 3.94 mA/cm’ 30min 1g (1)

gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production | of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml)at 0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)

22/10/56 | 0.0 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000

24/10/56 | 36.0 | 1.50 5.00 77.00 251 0.3849 0.230282 0.2303 0.6579 0.6579 0.000132

30/10/56 | 180.5 | 7.52 3.95 75.95 1581 8.7464 4.946198 5.1765 14.7892 14.1313 0.002958

31/10/56 | 204.5 | 8.52 0.90 72.90 1621 9.5516 0.517255 5.6937 16.2670 1.4778 0.003253 0.3

1/11/56 | 229.5 | 9.56 1.15 73.15 4839 10.3263 | 0.525669 6.2194 17.7688 1.5018 0.003554

4/11/56 | 302.8 | 12.62 0.70 72.70 1439 10.5726 | 0.195294 6.4147 18.3268 0.5580 0.003665

8/11/56 | 397.3 | 16.55 1.90 73.90 4178 16.9055 | 3.792453 10.2072 29.1618 10.8350 0.005832

13/11/56 | 524.6 | 21.86 0.40 72.40 10967 | 15.0574 | -0.987103 9.2200 26.3417 -2.8202 0.005268
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M5 U4 LAAINAVINNITAIUIUAT Anaerobic Toxicity Assay (ATA) (A9)

Soil conditioner from EC process at current density 3.94 mA/cm’ 30min 1g (2)

gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production | of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml)at 0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)

22/10/56 | 0.0 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000

24/10/56 | 36.0 | 1.50 1.90 73.90 373 0.5732 0.329133 0.3291 0.9403 0.9403 0.000188

25/10/56 | 60.0 | 2.50 0.44 72.44 370 0.9377 0.207122 0.5363 1.5321 0.5917 0.000306

29/10/56 | 156.5 | 6.52 6.40 78.40 1371 9.857 5.479982 6.0162 17.1884 15.6563 0.003438

30/10/56 | 180.5 | 7.52 4.15 76.15 2997.5 | 10.6372 | 0.779477 6.7957 19.4154 2.2270 0.003883 0.5

31/10/56 | 204.5 | 8.52 2.15 74.15 1037 11.727 0.805583 7.6013 21.7169 2.3016 0.004343

1/11/56 | 229.5 | 9.56 1.40 73.40 2756 11.7305 | 0.129562 7.7309 22.0871 0.3702 0.004417

8/11/56 | 397.3 | 16.55 2.75 74.75 4469 18.4582 | 4.158150 11.8890 33.9669 11.8798 0.006793

13/11/56 | 524.6 | 21.86 0.40 72.40 11163 15.7139 | -1.486432 10.4026 29.7202 -4.2467 0.005944
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M5 U4 LAAINAVINNITAIUIUAT Anaerobic Toxicity Assay (ATA) (A9)

Soil conditioner from EC process at current density 3.94 mA/cm’ 30min 5g (1)

gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production | of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml)at 0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)

22/10/56 | 0.0 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000

24/10/56 | 36.0 | 1.50 1.20 73.20 147 0.2265 0.128825 0.1288 0.3681 0.3681 0.000074

29/10/56 | 156.5 | 6.52 4.90 76.90 124 1.5446 0.796205 0.9250 2.6428 2.2748 0.000529

30/10/56 | 180.5 | 7.52 0.40 72.40 1065 4.4745 1.653010 2.5780 7.3655 4.7226 0.001473 03

31/10/56 | 204.5 | 8.52 0.40 72.40 1551 5.0363 0.329946 2.9080 8.3081 0.9427 0.001662

1/11/56 | 229.5 | 9.56 0.40 72.40 3223 6.0044 0.560256 3.4682 9.9088 1.6007 0.001982

8/11/56 | 397.3 | 16.55 1.10 73.10 3679 10.9296 | 2.848769 6.3170 18.0477 8.1389 0.003610

13/11/56 | 524.6 | 21.86 0.40 72.40 10913 15.5556 | 2.636316 8.9533 25.5797 7.5320 0.005116
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M5 U4 LAAINAVINNITAIUIUAT Anaerobic Toxicity Assay (ATA) (A9)

Soil conditioner from EC process at current density 3.94 mA/cm’ 30min 5g (2)

gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH,area | %CH, | (ml) at 0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)

22/10/56 | 0.0 | 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000

24/10/56 | 36.0 | 1.50 1.00 73.00 124 0.1951 0.110663 0.1107 0.3162 0.3162 0.000063

30/10/56 | 180.5 | 7.52 1.00 73.00 717 3.6377 1.954193 2.0649 5.8993 5.5831 0.001180

31/10/56 | 204.5 | 8.52 0.40 72.40 1058 4.3449 0.409140 2.4740 7.0682 1.1689 0.001414 0.2

1/11/56 | 229.5 | 9.56 0.40 72.40 1585 4.7856 | 0.261419 2.7354 7.8151 0.7469 0.001563

8/11/56 | 397.3 | 16.55 1.00 73.00 3010 8.784 2305117 5.0405 14.4008 6.5857 0.002880

13/11/56 | 524.6 | 21.86 0.40 72.40 9813 13.2307 | 2.528783 7.5693 21.6255 7.2247 0.004325
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3199 U4 LAAINAVINNITAIUIUAT Anaerobic Toxicity Assay (ATA) (AD)

Soil conditioner from EC process at current density 3.94 mA/cm’ 60min 1g (1)

gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production | of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml)at 0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)

22/10/56 | 0.0 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000

24/10/56 | 36.0 | 1.50 1.40 73.40 440 0.6803 0.387987 0.3880 1.1085 1.1085 0.000222

26/10/56 | 84.0 | 3.50 0.80 72.80 348 2.9532 1.289908 1.6779 4.7937 3.6853 0.000959

29/10/56 | 156.5 | 6.52 3.90 75.90 1392 11.0963 | 4.891827 6.5697 18.7697 13.9759 0.003754

30/10/56 | 180.5 | 7.52 1.90 73.90 5290 12.8082 | 1.146793 7.7165 22.0461 3.2764 0.004409 0.7

31/10/56 | 204.5 | 8.52 1.90 73.90 2336 15.0599 | 1.482020 9.1985 26.2802 4.2341 0.005256

1/11/56 | 229.5 | 9.56 1.40 73.40 9338 16.4535 | 0.958617 10.1572 29.0190 2.7388 0.005804

8/11/56 | 397.3 | 16.55 2.90 74.90 6294 21.7392 | 3.446881 13.6040 38.8667 9.8477 0.007773

13/11/56 | 524.6 | 21.86 0.40 72.40 16850 | 22.6361 | 0.572115 14.1761 40.5013 1.6345 0.008100
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M5 U4 LAAINAVINNITAIUIUAT Anaerobic Toxicity Assay (ATA) (A9)

Soil conditioner from EC process at current density 3.94 mA/cm’ 60min 1g (2)

gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production | of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml) at 0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)

22/10/56 | 0.0 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000

24/10/56 | 36.0 | 1.50 3.00 75.00 399 0.6534 | 0.380769 0.3808 1.0879 1.0879 0.000218

25/10/56 | 60.0 | 2.50 0.40 72.40 131 1.0639 0.232957 0.6137 1.7534 0.6656 0.000351

30/10/56 | 180.5 | 7.52 2.40 74.40 2665 11.9231 | 6.297413 69111 19.7451 17.9917 0.003949 0.6

31/10/56 | 204.5 | 8.52 1.90 73.90 1787 15.2344 | 2.077379 8.9885 25.6802 5.9351 0.005136

1/11/56 | 229.5 | 9.56 0.65 72.65 9543 15.3226 | 0.126729 9.1152 26.0423 0.3621 0.005208

8/11/56 | 397.3 | 16.55 2.40 74.40 5907 20.5706 | 3.319542 12.4348 35.5262 9.4839 0.007105

13/11/56 | 524.6 | 21.86 0.40 72.40 16223 22.0913 | 0.919400 13.3542 38.1529 2.6267 0.007631
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M5 U4 LAAINAVINNITAIUIUAT Anaerobic Toxicity Assay (ATA) (A9)

Soil conditioner from EC process at current density 3.94 mA/cm’ 60min 5g (1)

gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml)at0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)
22/10/56 | 0.0 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000
23/10/56 | 12.0 | 0.50 1.10 73.10 126 0.1341 0.076167 0.0762 0.2176 0.2176 0.000044
24/10/56 | 36.0 | 1.50 0.90 72.90 283 0.4817 0.197830 0.2740 0.7828 0.5652 0.000157
0.2

29/10/56 | 156.5 | 6.52 1.70 73.70 455 3.4377 1.699113 1.9731 5.6372 4.8544 0.001127
30/10/56 | 180.5 | 7.52 0.40 72.40 698 1.6571 | -0.990989 0.9821 2.8059 -2.8313 0.000561
13/11/56 | 524.6 | 21.86 2.00 74.00 2553 3.4383 1.049906 2.0320 5.8055 2.9996 0.001161
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M5 U4 LAAINAVINNITAIUIUAT Anaerobic Toxicity Assay (ATA) (A9)

Soil conditioner from EC process at current density 3.94 mA/cm’ 60min 5g (2)

gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml) at0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)

22/10/56 | 0.0 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000
23/10/56 | 12.0 | 0.50 1.10 73.10 108 0.1342 0.076224 0.0762 0.2178 0.2178 0.000044

24/10/56 | 36.0 | 1.50 0.65 72.65 249 0.3926 0.146542 0.2228 0.6364 0.4187 0.000127 0.07
30/10/56 | 180.5 | 7.52 0.40 72.40 895 1.7121 0.743502 0.9663 2.7606 2.1242 0.000552
13/11/56 | 524.6 | 21.86 1.60 73.60 2275 2.9437 0.725602 1.6919 4.8337 2.0730 0.000967
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M5 U4 LAAINAVINNITAIUIUAT Anaerobic Toxicity Assay (ATA) (A9)

Soil conditioner from EC process at current density 7.89 mA/cm’ 30min 1g (1)

gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH,area | %CH, | (ml) at0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)

22/10/56 | 0.0 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000

23/10/56 | 12.0 | 0.50 5.10 77.10 135 0.1418 0.084948 0.0849 0.2427 0.2427 0.000049

24/10/56 | 36.0 | 1.50 2.15 74.15 654 1.0769 0.541122 0.6261 1.7887 1.5460 0.000358

30/10/56 | 180.5 | 7.52 1.95 73.95 1752 12.166 6.388019 7.0141 20.0393 18.2506 0.004008 0.6

31/10/56 | 204.5 | 8.52 0.40 72.40 1005 13.5175 | 0.798096 7.8122 22.3194 2.2802 0.004464

1/11/56 | 229.5 | 9.56 0.40 72.40 6127 13.421 -0.012273 7.7999 22.2843 -0.0351 0.004457

8/11/56 | 397.3 | 16.55 0.80 72.80 4488 14.5671 | 0.731723 8.5316 24.3749 2.0905 0.004875

13/11/56 | 524.6 | 21.86 0.40 72.40 11341 15.6433 | 0.650689 9.1823 26.2339 1.8590 0.005247
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M5 U4 LAAINAVINNITAIUIUAT Anaerobic Toxicity Assay (ATA) (A9)

Soil conditioner from EC process at current density 7.89 mA/cm’ 30min 1g (2)
gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production | of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml) at 0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)

22/10/56 | 0.0 | 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000

23/10/56 | 12.0 | 0.50 4.60 76.60 130 0.142 0.084516 0.0845 0.2415 0.2415 0.000048

24/10/56 | 36.0 | 1.50 2.15 74.15 603 1.0026 | 0.498203 0.5827 1.6648 1.4234 0.000333

29/10/56 | 156.5 | 6.52 2.30 74.30 1807 10.9202 | 5.743457 6.3262 18.0739 16.4091 0.003615 0.6

30/10/56 | 180.5 | 7.52 0.40 72.40 1709 11.5517 | 0.389189 6.7154 19.1858 1.1119 0.003837

31/10/56 | 204.5 | 8.52 0.40 72.40 2809 12.8152 | 0.746682 7.4620 21.3191 2.1333 0.004264

1/11/56 | 229.5 | 9.56 0.40 72.40 4157 13.2789 | 0.300683 7.7627 22.1781 0.8591 0.004436

8/11/56 | 397.3 | 16.55 0.40 72.40 4667 15.2516 | 1.151009 8.9137 25.4666 3.2884 0.005093

13/11/56 | 524.6 | 21.86 0.40 72.40 11219 | 15.4867 | 0.179657 9.0934 25.9798 0.5133 0.005196
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M5 U4 LAAINAVINNITAIUIUAT Anaerobic Toxicity Assay (ATA) (A9)

Soil conditioner from EC process at current density 7.89 mA/cm’ 30min 5¢ (1)

gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml)at 0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)

22/10/56 | 0.0 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000

23/10/56 | 12.0 | 0.50 0.60 72.60 152 0.1667 | 0.094036 0.0940 0.2687 0.2687 0.000054

24/10/56 | 36.0 | 1.50 0.40 72.40 253 0.5436 | 0.212542 0.3066 0.8759 0.6072 0.000175

26/10/56 | 84.0 | 3.50 0.80 72.80 272 1.5785 | 0.588776 0.8954 2.5580 1.6821 0.000512

30/10/56 | 180.5 | 7.52 0.40 72.40 1188 3.9788 1.355190 2.2505 6.4298 3.8718 0.001286 0.2

31/10/56 | 204.5 | 8.52 0.40 72.40 1362 4.0712 | 0.064346 2.3149 6.6136 0.1838 0.001323

1/11/56 | 229.5 | 9.56 0.40 72.40 1184 4.1967 | 0.083253 2.3981 6.8515 0.2379 0.001370

8/11/56 | 397.3 | 16.55 0.80 72.80 1352 4.2099 | 0.033553 24317 6.9474 0.0959 0.001389

13/11/56 | 524.6 | 21.86 0.40 72.40 3382 4.4184 | 0.130376 2.5621 7.3198 0.3725 0.001464

6¢Cl



M5 U4 LAAINAVINNITAIUIUAT Anaerobic Toxicity Assay (ATA) (A9)

Soil conditioner from EC process at current density 7.89 mA/cm’ 30min 5g (2)

gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml) at 0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)

22/10/56 | 0.0 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000

23/10/56 | 12.0 | 0.50 0.60 72.60 176 0.1929 | 0.108815 0.1088 0.3109 0.3109 0.000062

24/10/56 | 36.0 | 1.50 0.40 72.40 374 0.6219 | 0.241933 0.3507 1.0021 0.6912 0.000200

29/10/56 | 156.5 | 6.52 1.30 73.30 682 4.1003 1.987373 2.3381 6.6800 5.6779 0.001336 0.2

30/10/56 | 180.5 | 7.52 0.40 72.40 769 4.6559 | 0.325295 2.6634 7.6094 0.9294 0.001522

8/11/56 | 397.3 | 16.55 0.80 72.80 1680 6.0875 | 0.838734 3.5022 10.0056 2.3963 0.002001

13/11/56 | 524.6 | 21.86 0.40 72.40 4742 6.2924 | 0.134186 3.6363 10.3890 0.3834 0.002078

0¢l



M5 U4 LAAINAVINNITAIUIUAT Anaerobic Toxicity Assay (ATA) (A9)

Soil conditioner from EC process at current density 7.89 mA/cm’ 60min 1g (1)

gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production | of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml) at 0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)

22/10/56 | 0.0 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000

23/10/56 | 12.0 | 0.50 5.85 77.85 160 0.1724 | 0.104284 0.1043 0.2979 0.2979 0.000060

24/10/56 | 36.0 | 1.50 1.40 73.40 360 0.6913 0.297813 0.4021 1.1488 0.8509 0.000230

26/10/56 | 84.0 | 3.50 0.80 72.80 313 2.7902 1.191552 1.5936 4.5531 3.4043 0.000911

29/10/56 | 156.5 | 6.52 2.40 74.40 1033 9.5148 3.939442 5.5331 15.8080 11.2550 0.003162 0.6

30/10/56 | 180.5 | 7.52 1.15 73.15 2046 11.3267 | 1.114859 6.6480 18.9932 3.1852 0.003799

1/11/56 | 229.5 | 9.56 1.30 73.30 3445 13.1347 | 1.144141 7.7921 22.2620 3.2688 0.004452

8/11/56 | 397.3 | 16.55 1.30 73.30 4767 17.2659 | 2.485561 10.2777 29.3633 7.1012 0.005873

13/11/56 | 524.6 | 21.86 0.40 72.40 12917 17.248 0.043593 10.3212 29.4878 0.1245 0.005898

1€l



M5 U4 LAAINAVINNITAIUIUAT Anaerobic Toxicity Assay (ATA) (A9)

Soil conditioner from EC process at current density 7.89 mA/cm’ 60min 1g (2)

gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Date Time gas analysis mgCH,-COD
production | volume production | of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml)at 0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)

22/10/56 | 0.0 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000

23/10/56 | 12.0 | 0.50 5.60 77.60 122 0.1375 0.082906 0.0829 0.2369 0.2369 0.000047

24/10/56 | 36.0 | 1.50 1.90 73.90 530 0.8422 | 0.406671 0.4896 1.3987 1.1619 0.000280

30/10/56 | 180.5 | 7.52 2.80 74.80 2770 11.4285 | 6.171038 6.6606 19.0294 17.6307 0.003806 0.7

31/10/56 | 204.5 | 8.52 2.40 74.40 2220 15.1703 | 2.376208 9.0368 25.8182 6.7888 0.005164

1/11/56 | 229.5 | 9.56 0.90 72.90 2576 16.1787 | 0.677277 9.7141 27.7532 1.9350 0.005551

8/11/56 | 397.3 | 16.55 2.15 74.15 5660 20.346 | 2.671244 12.3853 35.3849 7.6317 0.007077

13/11/56 | 524.6 | 21.86 0.40 72.40 16517 | 21.8871 | 0.930178 13.3155 38.0424 2.6575 0.007608

cel



M5 U4 LAAINAVINNITAIUIUAT Anaerobic Toxicity Assay (ATA) (A9)

Soil conditioner from EC process at current density 7.89 mA/cm’ 60min 5g (1)

gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml)at0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)

22/10/56 | 0.0 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000

23/10/56 | 12.0 | 0.50 1.10 73.10 329 0.3636 0.206520 0.2065 0.5900 0.5900 0.000118

24/10/56 | 36.0 | 1.50 0.90 72.90 669 1.0399 0.385621 0.5921 1.6917 1.1017 0.000338

29/10/56 | 156.5 | 6.52 1.70 73.70 493 6.051 2.883337 3.4755 9.9294 8.2377 0.001986 0.6

30/10/56 | 180.5 | 7.52 0.40 72.40 2629 7.2757 0.707759 4.1832 11.9515 2.0221 0.002390

31/10/56 | 204.5 | 8.52 0.40 72.40 3452 8.8132 0.887530 5.0708 14.4872 2.5357 0.002897

1/11/56 | 229.5 | 9.56 0.65 72.65 1823 10.0713 | 0.754697 5.8255 16.6434 2.1562 0.003329

8/11/56 | 397.3 | 16.55 9.80 81.80 6543 22.1173 | 8.423158 14.2486 40.7083 24.0650 0.008142

13/11/56 | 524.6 | 21.86 0.40 72.40 18230 | 25.1538 | 1.776918 16.0255 45.7850 5.0767 0.009157

€el



M5 U4 LAAINAVINNITAIUIUAT Anaerobic Toxicity Assay (ATA) (AD)

Soil conditioner from EC process at current density 7.89 mA/cm’ 60min 5¢ (2)

gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production | of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH,area | %CH, | (ml) at 0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)
22/10/56 | 0.0 | 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000
23/10/56 | 12.0 | 0.50 0.85 72.85 214 0.2479 0.140322 0.1403 0.4009 0.4009 0.000080
24/10/56 | 36.0 | 1.50 0.40 72.40 451 0.7466 0.281313 0.4216 1.2046 0.8037 0.000241
0.2

30/10/56 | 180.5 | 7.52 0.80 72.80 949 4.0772 1.888615 2.3103 6.6004 5.3958 0.001320
8/11/56 | 397.3 | 16.55 0.80 72.80 2566 8.8866 2.745810 5.0561 14.4452 7.8448 0.002889
13/11/56 | 524.6 | 21.86 0.40 72.40 8087 10.8247 | 1.117894 6.1740 17.6390 3.1938 0.003528

vel



M5 U4 LAAINAVINNITAIUIUAT Anaerobic Toxicity Assay (ATA) (A9)

Soil conditioner from EC process at current density 11.83 mA/cm’ 30min 1g (1)

gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml)at0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)

22/10/56 | 0.0 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000

23/10/56 | 12.0 | 0.50 3.85 75.85 337 0.3909 0.230379 0.2304 0.6582 0.6582 0.000132

24/10/56 | 36.0 | 1.50 2.65 74.65 445 1.1754 0.463083 0.6935 1.9812 1.3230 0.000396

30/10/56 | 180.5 | 7.52 2.70 74.70 1666 10.8685 | 5.650718 6.3442 18.1253 16.1441 0.003625 05

31/10/56 | 204.5 | 8.52 1.65 73.65 3160 14.7549 | 2.363373 8.7076 24.8775 6.7522 0.004975

1/11/56 | 229.5 | 9.56 1.65 73.65 3031 16.2569 | 1.048700 9.7563 27.8736 2.9961 0.005575

8/11/56 | 397.3 | 16.55 5.30 77.30 6432 22.7701 | 4.581440 14.3377 40.9628 13.0892 0.008193

13/11/56 | 524.6 | 21.86 0.40 72.40 17339 | 23.5068 | 0.485199 14.8229 42.3490 1.3862 0.008470

Gel



M5 U4 LAAINAVINNITAIUIUAT Anaerobic Toxicity Assay (ATA) (A9)

Soil conditioner from EC process at current density 11.83 mA/cm’ 30min 1g (2)

gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production | of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml) at 0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)
22/10/56 | 0.0 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000
23/10/56 | 12.0 | 0.50 5.10 77.10 304 0.3433 0.205660 0.2057 0.5876 0.5876 0.000118
24/10/56 | 36.0 | 1.50 1.65 73.65 809 1.2819 0.541525 0.7472 2.1347 1.5471 0.000427
29/10/56 | 156.5 | 6.52 2.30 74.30 417 11.1167 | 5.700647 6.4478 18.4215 16.2867 0.003684 05
30/10/56 | 180.5 | 7.52 1.90 73.90 1452 12.8745 | 1.173450 7.6213 21.7740 3.3525 0.004355
31/10/56 | 204.5 | 8.52 2.15 74.15 2312 16.4509 | 2.275602 9.8969 28.2754 6.5014 0.005655
8/11/56 | 397.3 | 16.55 3.40 75.40 7062 23.7162 | 4.691034 14.5879 41.6777 13.4023 0.008336
13/11/56 | 524.6 | 21.86 0.40 72.40 17411 | 23.6256 | 0.022743 14.6107 41.7427 0.0650 0.008349

9¢1



M51990 U4 UAAINAVINNTAIUIUAT Anaerobic Toxicity Assay (ATA) (719

Soil conditioner from EC process at current density 11.83 mA/cm’ 30min 5¢ (1)

gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production | of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr | day (ml) (m) | CH,area | %CH, | (mDat0°’C | (ml) | (mgCOD) | (mgCOD /gV8S.day)

22/10/56 | 0.0 | 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000

23/10/56 | 12.0 | 0.50 0.60 72.60 427 0.4597 0.259318 0.2593 0.7409 0.7409 0.000148

24/10/56 | 36.0 | 1.50 0.40 72.40 597 1.1193 0.372485 0.6318 1.8051 1.0642 0.000361

29/10/56 | 156.5 | 6.52 1.70 73.70 213 2.5163 0.814775 1.4466 4.1329 2.3278 0.000827

30/10/56 | 180.5 | 7.52 0.40 72.40 1383 4.497 1.122059 2.5686 7.3386 3.2057 0.001468 0.3

31/10/56 | 204.5 | 8.52 0.40 72.40 1594 5.4989 0.577594 3.1462 8.9888 1.6502 0.001798

1/11/56 | 229.5 | 9.56 0.40 72.40 1721 5.0257 | -0.249107 2.8971 8.2771 -0.7117 0.001655

8/11/56 | 397.3 | 16.55 3.05 75.05 3617 12.1039 | 4.246672 7.1438 20.4098 12.1327 0.004082

13/11/56 | 524.6 | 21.86 0.40 72.40 10321 14.4481 | 1.356344 8.5001 24.2849 3.8751 0.004857

LET



M5 U4 LAAINAVINNITAIUIUAT Anaerobic Toxicity Assay (ATA) (A9)

Soil conditioner from EC process at current density 11.83 mA/cm’ 30min 5¢ (2)

gas Tatal gas gas t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production | of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH,area | %CH, | (ml)at0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)

22/10/56 | 0.0 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000

23/10/56 | 12.0 | 0.50 0.60 72.60 414 0.4659 0.262815 0.2628 0.7509 0.7509 0.000150

24/10/56 | 36.0 | 1.50 0.40 72.40 637 1.0363 0.322325 0.5851 1.6717 0.9209 0.000334

30/10/56 | 180.5 | 7.52 0.80 72.80 1070 5.5875 2.580855 3.1660 9.0452 7.3735 0.001809 04

31/10/56 | 204.5 | 8.52 0.40 72.40 1155 6.6435 0.611417 3.7774 10.7921 1.7468 0.002158

1/11/56 | 229.5 | 9.56 0.40 72.40 1721 5.0257 | -0.889442 2.8880 8.2509 -2.5411 0.001650

8/11/56 | 397.3 | 16.55 4.40 76.40 4160 15.3522 | 6.301918 9.1899 26.2555 18.0046 0.005251

13/11/56 | 524.6 | 21.86 2.40 74.40 12843 | 18.0738 | 1.859612 11.0495 31.5684 5.3129 0.006314

8¢l



M5 U4 LAAINAVINNITAIUIUAT Anaerobic Toxicity Assay (ATA) (A9)

Soil conditioner from EC process at current density 11.83 mA/cm’ 60min 1g (1)

gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production | of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml) at 0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)

22/10/56 | 0.0 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000

23/10/56 | 12.0 | 0.50 3.60 75.60 327 0.353 0.207356 0.2074 0.5924 0.5924 0.000118

24/10/56 | 36.0 | 1.50 1.90 73.90 674 1.0856 | 0.425872 0.6332 1.8091 1.2167 0.000362

26/10/56 | 84.0 | 3.50 0.80 72.80 288 2.1328 0.599103 1.2323 3.5208 1.7116 0.000704 05

29/10/56 | 156.5 | 6.52 0.90 72.90 1416 9.1548 3.992407 5.2247 14.9271 11.4063 0.002985

30/10/56 | 180.5 | 7.52 1.65 73.65 3828 11.1861 | 1.279802 6.5045 18.5835 3.6564 0.003717

31/10/56 | 204.5 | 8.52 2.40 74.40 4427 14.1387 | 1.915461 8.4200 24.0559 5.4725 0.004811

8/11/56 | 397.3 | 16.55 6.95 78.95 6203 22.1196 | 5.659326 14.0793 40.2246 16.1687 0.008045

13/11/56 | 524.6 | 21.86 0.90 72.90 16078 22.0782 | 0.131232 14.2106 40.5996 0.3749 0.008120

6¢€1



31990 U4 LAAINAVINNITAIUIUAT Anaerobic Toxicity Assay (ATA) (AD)

Soil conditioner from EC process at current density 11.83 mA/cm’ 60min 1g (2)

gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml)at 0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)

22/10/56 | 0.0 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000

23/10/56 | 12.0 | 0.50 4.15 76.15 360 0.3984 0.235728 0.2357 0.6735 0.6735 0.000135

24/10/56 | 36.0 | 1.50 2.15 74.15 708 1.153 0.441415 0.6771 1.9346 1.2611 0.000387

30/10/56 | 180.5 | 7.52 2.80 74.80 2120 12.1409 | 6.411208 7.0884 20.2514 18.3168 0.004050 05

31/10/56 | 204.5 | 8.52 2.40 74.40 4652 15.1069 | 1.941013 9.0294 25.7969 5.5455 0.005159

1/11/56 | 229.5 | 9.56 1.90 73.90 1604 16.4269 | 0.980971 10.0103 28.5995 2.8026 0.005720

8/11/56 | 397.3 | 16.55 1.90 73.90 6639 22.0563 | 3.474929 13.4853 38.5274 9.9279 0.007705

13/11/56 | 524.6 | 21.86 0.90 72.90 16040 | 21.8877 | 0.058739 13.5440 38.6952 0.1678 0.007739

ovl



M5 U4 LAAINAVINNITAIUIUAT Anaerobic Toxicity Assay (ATA) (A9)

Soil conditioner from EC process at current density 11.83 mA/cm’ 60min 5g¢ (1)

gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production | of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml) at 0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)

22/10/56 | 0.0 | 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000
23/10/56 | 12.0 | 0.50 0.60 72.60 282 0.3776 | 0.213005 0.2130 0.6086 0.6086 0.000122

24/10/56 | 36.0 | 1.50 0.40 72.40 414 0.7255 | 0.196884 0.4099 1.1711 0.5625 0.000234 0.05
30/10/56 | 180.5 | 7.52 1.60 73.60 608 2.5423 | 1.047996 1.4579 4.1652 2.9941 0.000833
13/11/56 | 524.6 | 21.86 2.00 74.00 2646 3.7021 | 0.706369 2.1643 6.1833 2.0181 0.001237

Il



M51990 U4 UAAINAVINNTAIUIUAT Anaerobic Toxicity Assay (ATA) (719

Soil conditioner from EC process at current density 11.83 mA/cm’ 60min 5g (2)

gas Tatal gas gas t-amount | t-amount | t-amount ATA

Time gas analysis mgCH,-
Date production | volume production | of CH, of CH, of CH, (mgCH,-COD
COD/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml) at 0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)

22/10/56 | 0.0 0.00 0.00 72.00 0 0 0.000000 0.0000 0.0000 0.0000 0.000000
23/10/56 | 12.0 | 0.50 0.60 72.60 267 0.3013 | 0.169964 0.1700 0.4856 0.4856 0.000097
24/10/56 | 36.0 | 1.50 0.40 72.40 453 0.7253 | 0.239457 0.4094 1.1697 0.6841 0.000234

0.06
30/10/56 | 180.5 | 7.52 0.80 72.80 486 2.3213 | 0.907295 1.3167 3.7619 2.5921 0.000752
8/11/56 | 397.3 | 16.55 1.20 73.20 1194 3.8411 | 0.886051 2.2028 6.2933 2.5314 0.001259
13/11/56 | 524.6 | 21.86 0.40 72.40 3249 4.4866 | 0.375063 2.5778 7.3649 1.0716 0.001473

wl



A15197 V.5 uamwamﬂmﬁmswﬁ XRF

Sample

Current density

Operating time

Chemical composition

(mA/cmz) (minutes) %Fe,0, %P,0, %MgO
Soil conditioner
- - 0.72 50.30 23.55
(no iron)
30 28.35 31.30 14.75
3.94
60 33.50 28.20 13.60
Soil conditioner
30 49.05 18.55 10.77
From EC process 7.89
60 61.10 11.07 7.29
30 60.65 13.35 7.72
11.83
60 71.55 8.24 4.14
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M990 0.6 taaanannmMImuIuand Ny Iihuaza lged i Sumsduiiuaiu 30 u1i

oy
Curren density | Avg.V | Avg.1 | R=V/I faslvlvh wasnu | Unit | mlgoe | min i1 NaOH
atla.
(mA/cm’) W)
V) (A) (Ohm) P=VI(W) | P=VI(kW) | E=P*t(kWh) | UIN/kWh g. Bath/g | Bath/kg | Bath/g | Bath/kg
7.258 | 0982 | 7.3882 | 7.1294 | 0.0071 0.0000 | 2.7628 | 0.0000
7.656 | 0975 | 7.8547 | 7.4617 | 0.0075 | 0.006 | 2.7628 | 0.0017
7.688 0.968 7.9394 7.4445 0.0074 0.0012 2.7628 0.0034
3.94
7702 | 0.964 | 7.9869 | 7.4273 | 0.0074 | 00019 | 2.7628 | 0.0051
1.38095 | 0.026 | 25.97 | 0.71 | 709.66
7.714 0.961 8.0274 7.4135 0.0074 0.0025 2.7628 0.0068
7726 | 0.959 | 8.0560 | 7.4089 | 0.0074 | 0.0031 | 2.7628 | 0.0085
7.736 | 0.958 | 8.0780 | 7.4085 | 0.0074 | 0.0037 | 2.7628 | 0.0102
3N 0.0359

=X [ a
nnemg ala. nueds mslivlznanman
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M1319N V.6 LLZ‘T@NNaiﬂﬂﬂﬁﬂ"luilmﬂ"IWENN‘L!IIWWHLQ8ﬂ11%%18ﬁ1ﬁ5ﬂﬂ15ﬂ1luu31u 30 UIN (919)

o
Curren density | Avg.V | Avg.1 | R=V/I maslvlih NaInH Unit mldone | min i1 NaOH
atla.
(mA/cm’) @)
(%) (A) (Ohm) P=VI(W) | P=VI(kW) | E=P*t(kWh) | UIN/kWh g. Bath/g | Bath/kg | Bath/g | Bath/kg
13.300 | 1.866 | 7.1277 | 24.8183 | 0.0248 | 0.0000 | 2.7628 0.0000
14.159 | 1.955 | 7.2444 | 27.6743 | 0.0277 | 0.0023 | 2.7628 0.0064
14.164 | 1.951 7.2597 27.6335 0.0276 0.0046 2.7628 0.0127
7.89
14.144 | 1.949 | 7.2580 | 27.5631 | 0.0276 | 0.0069 | 2.7628 0.0190
2.41725 | 0.0550 | 55.00 | 0.41 | 405.42
14.123 1.948 7.2507 27.5071 0.0275 0.0092 2.7628 0.0253
14.102 | 1.947 | 7.2428 | 27.4561 | 0.0275 | 0.0114 | 2.7628 0.0316
14.086 | 1.947 | 7.2356 | 27.4219 | 0.0274 | 0.0137 | 2.7628 0.0379
3N 0.1330

=X o a
nnemn ala. nueds mslivlzinanman
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o
Curren density | Avg.V | Avg.1 | R=V/I fasllih waanu | Unit | mline J il il NaOH
aila.
(mA/cm’) @)
V) (A) (Ohm) P=VI(W) | P=VI(kW) | E=P*t(kWh) | UI1n/kWh g Bath/g | Bath/kg | Bath/g | Bath/kg
13.609 | 2.000 | 6.8043 | 27.2170 | 0.0272 0.0000 | 2.7628 | 0.0000
19.967 | 2.950 | 6.7685 | 58.9027 | 0.0589 0.0049 | 2.7628 | 0.0136
19.929 | 2949 | 6.7579 | 58.7706 0.0588 0.0098 2.7628 0.0271
11.83
19.888 | 2.947 | 6.7484 | 58.6085 | 0.0586 0.0147 | 2.7628 | 0.0405
2.6653 | 0.1059 | 105.91 | 0.37 | 367.69
19.819 | 2.947 | 6.7263 | 58.3967 0.0584 0.0195 2.7628 0.0538
19.781 | 2.946 | 6.7145 | 58.2748 | 0.0583 0.0243 | 27628 | 0.0671
19.738 | 2.946 | 6.6998 | 58.1467 | 0.0581 0.0291 | 2.7628 | 0.0803
39U 0.2823

=X o a
nnemn ala. nueds mslivlzinanman
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M990 0.7 taaanannmIsuuand Ny Iihuaza lgedmsumsduiuaiu 60 w1

Curren density | Avg.V | Avg. 1 | R=V/I faslvlvh nasnu Unit mlyae . Al i1 NaOH
(mA/cmZ) (Uh) avo.

V) (A) | (Ohm) | P=VI(W) | P=VIKW) | E=P*(kWh) | 11W/kWh g Bath/g | Bath/kg | Bath/g | Bath/kg

7.125 | 0981 | 7.2643 | 6.9874 | 0.0070 0.0000 2.7628 0.0000

7.604 | 0973 | 7.8165 | 7.3963 | 0.0074 0.0006 2.7628 0.0017

7.645 0.967 | 7.9095 7.3884 0.0074 0.0012 2.7628 0.0034

7.667 | 0.963 | 7.9660 | 7.3797 | 0.0074 0.0018 2.7628 0.0051

7.679 0.960 | 8.0026 | 7.3675 0.0074 0.0025 2.7628 0.0068

104 7.685 | 0.957 | 8.0279 | 7.3562 | 0.0074 0.0031 2.7628 0.0085
7.697 | 0.956 | 8.0557 | 7.3547 | 0.0074 0.0037 2.7628 00102 | o o | o0 | 4290 | 032 | 31825

7.710 0.955 | 8.0730 | 7.3628 0.0074 0.0043 2.7628 0.0119

7.716 | 0.953 | 8.0960 | 7.3529 | 0.0074 0.0049 2.7628 0.0135

7.725 0.952 | 8.1161 7.3518 0.0074 0.0055 2.7628 0.0152

7.732 0.951 8.1320 | 7.3507 0.0074 0.0061 2.7628 0.0169

7.737 | 0950 | 8.1464 | 7.3482 | 0.0073 0.0067 2.7628 0.0186

7.740 0.949 | 8.1535 7.3470 0.0073 0.0073 2.7628 0.0203

59 0.1321
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Curren density | Avg.V | Avg.1 | R=V/I fasllih waanu | Unit | mldne uﬂu. il il NaOH
(mA/em’) am

W) (A) | (Ohm) | P=VIOW) | P=VIkW) | E=P*(kWh) | 110/kWh g Bath/g | Bath/kg | Bath/g | Bath/kg

8.089 | 1.163 | 6.9553 | 9.4075 | 0.0094 0.0000 | 2.7628 | 0.0000

13.811 | 1.942 | 7.1117 | 26.8210 | 0.0268 0.0022 | 2.7628 | 0.0062

13.830 1.942 | 7.1215 | 26.8579 0.0269 0.0045 2.7628 0.0124

13.814 | 1.941 | 7.1170 | 26.8130 | 0.0268 0.0067 | 27628 | 0.0185

13.789 1.942 | 7.1004 | 26.7782 0.0268 0.0089 2.7628 0.0247

g0 13.736 | 1.940 | 7.0804 | 26.6478 | 0.0266 0.0111 | 27628 | 0.0307
13.694 | 1.940 | 7.0588 | 26.5664 | 0.0266 00133 | 27628 | 00367 | o | | s eq | oga | 23810

13.680 1.941 7.0479 | 26.5529 0.0266 0.0155 2.7628 0.0428

13.644 | 1.940 | 7.0330 | 26.4694 | 0.0265 0.0176 | 2.7628 | 0.0488

13.641 1.940 | 7.0314 | 26.4635 0.0265 0.0198 2.7628 0.0548

13.620 1.940 | 7.0206 | 26.4228 0.0264 0.0220 2.7628 0.0608

13.614 | 1.940 | 7.0175 | 26.4112 | 0.0264 0.0242 | 27628 | 0.0669

13.604 1.940 | 7.0124 | 26.3918 0.0264 0.0264 2.7628 0.0729

59 0.4761
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d' o U [ 9 1 Y ) [ o A = 1
M1319N V.7 LLZ‘T@NNaiﬂﬂﬂﬁﬂ"luilmﬂ"IWENN‘L!IIWWHLQ8ﬂ11%%18ﬁ1ﬁ5ﬂﬂ13ﬂ1luu31u 60 UIN (919)

Curren density | Avg.V | Avg.1 | R=V/I fadlih SR Unit | ml¥ae uﬂu. min i1 NaOH
(mA/em’) amy
W) (A) | (Ohm) | P=VIW) | P=VIW) | E=P*t(kWh) | 1W/kWh ¢ | Bath/g | Batkg | Bat/g | Bathke
16.621 | 2.490 | 6.6749 | 41.3850 | 0.0414 0.0000 27628 | 0.0000
19.873 | 2.954 | 6.7273 | 58.7034 | 0.0587 0.0049 27628 | 0.0135
19.851 | 2.951 | 6.7280 | 58.5704 0.0586 0.0098 2.7628 0.0270
19.803 | 2.948 | 6.7173 | 58.3778 | 0.0584 0.0146 27628 | 0.0403
19.711 | 2.946 | 6.6906 | 58.0671 0.0581 0.0194 2.7628 0.0535
L83 19.619 | 2.945 | 6.6629 | 57.7681 | 0.0578 0.0241 27628 | 0.0665
19.562 | 2.944 | 6.6458 | 57.5807 | 0.0576 0.0288 27628 | 00795 | | e | esor | oas | 17664
19.489 | 2.943 | 6.6233 | 57.3464 0.0573 0.0335 2.7628 0.0924
19.430 | 2.943 | 6.6032 | 57.1728 | 0.0572 0.0381 27628 | 0.1053
19.377 | 2.942 | 6.5873 | 56.9960 0.0570 0.0427 2.7628 0.1181
19.331 | 2.941 | 6.5739 | 56.8413 0.0568 0.0474 2.7628 0.1309
19.280 | 2.940 | 6.5578 | 56.6832 | 0.0567 0.0520 27628 | 0.1436
19.237 | 2.940 | 6.5443 | 56.5472 0.0565 0.0565 2.7628 0.1562
59 1.0268

ov1
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Fe concentration

Sample
ml sample Abs mg/1 Avg. mg/l
Blank 1 0.5680 142.00 168.63
control (1) 1 0.4950 123.75
115.38
control (2) 1 0.4280 107.00
Soil conditioner(no iron) 1g (1) 1 0.6000 150.00
152.63
Soil conditioner(no iron) 1g (2) 1 0.6210 155.25
Soil conditioner(no iron) 5g 1 0.6150 153.75 134.63
3.94 mA cm_2 30min 1g (1) 1 0.2640 66.00
- 118.75
3.94 mA cm~ 30min 1g (2) 1 0.6860 171.5
3.94mA cm~ 30min 5g (1) 1 0.6050 151.25
- 129.63
3.94 mA cm~ 30min 5g (2) 1 0.4320 108.00
3.94mA cm” 60min 1g (1) 1 0.5340 133.50
5 137.38
3.94 mA cm”~ 60min 1g (2) 1 0.5650 141.25
3.94 mA cm_2 60min 5g (1) 1 0.7130 178.25
» 161.25
3.94 mA cm~ 60min 5g (2) 1 0.5770 144.25
7.89 mA cm_2 30min 1g (1) 1 0.7470 186.75
; 176.50
7.89 mA ¢cm ~ 30min 1g (2) 1 0.6650 166.25
7.89 mA cm 30min 5g(1) 1 0.5100 127.50
» 136.88
7.89 mA ¢m ~ 30min 5g (2) 1 0.5850 146.25
7.89 mA cm_2 60min 1g (1) 1 0.6140 153.50
5 169.25
7.89 mA ¢m ~ 60min 1g (2) 1 0.7400 185.00
7.89 mA cm 60min 5g (1) 1 0.4680 117.00
- 143.50
7.89 mA cm ~ 60min 5g (2) 1 0.6800 170.00
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Fe concentration

Sample
ml sample Abs mg/l Avg. mg/l

11.83 mA cm 30min Ig (1) 1 0.5710 142.75

B 129.00
11.83 mA cm~ 30min 1g (2) 1 0.4610 115.25
11.83 mA cm”~ 30min 5g (1) 1 0.5120 128.00

- 135.75
11.83 mA cm =~ 30min 5g (2) 1 0.5740 143.50
11.83 mA cm” 60min 1g (1) 1 0.5270 131.75

. 85.75
11.83 mA cm~ 60min 1g (2) 1 0.1590 39.75
11.83 mA cm~ 60min 5g (1) 1 0.4720 118.00

- 101.38
11.83 mA cm~ 60min 5g (2) 1 0.3390 84.75
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Current density | Time
> P (mg/1) Avg P | % efficiency remove P | Avg. %eff
(mAcm)) (min)

0 4430 | 3897 | 41.63 0.00 0.00 0.00

5 33.70 | 32.58 | 33.14 23.93 16.40 20.17

10 29.70 | 28.14 | 28.92 32.96 27.78 30.37

15 27.52 | 2520 | 26.36 37.87 3533 36.60

20 2426 | 23.11 | 23.68 45.25 40.70 42.97

25 22.08 19.80 | 20.94 50.15 49.19 49.67

2.39 30 20.90 19.79 | 20.34 52.82 49.22 51.02
35 18.27 17.45 17.86 58.75 55.22 56.99

40 17.13 14.52 15.83 61.32 62.74 62.03

45 13.41 12.64 13.02 69.73 67.58 68.66

50 10.04 10.81 10.43 77.33 72.25 74.79

55 8.82 9.54 9.18 80.09 75.52 77.80

60 8.32 8.07 8.19 81.23 79.30 80.26

0 4377 | 4231 43.04 0.00 0.00 0.00

5 3630 | 36.82 | 36.56 17.07 12.97 15.02

10 30.63 | 26.58 | 28.61 30.01 37.18 33.60

15 2292 | 23.05 | 2299 47.63 45.52 46.58

20 17.81 17.98 17.90 59.31 57.50 58.40

25 14.13 13.74 13.94 67.71 67.52 67.62

4.77 30 10.73 10.53 10.63 75.48 75.12 75.30
35 7.18 6.03 6.60 83.61 85.76 84.68

40 4.10 3.35 3.73 90.63 92.07 91.35

45 1.39 1.37 1.38 96.83 96.77 96.80

50 1.09 1.18 1.14 97.51 97.20 97.35

55 1.28 1.09 1.19 97.07 97.42 97.24

60 1.71 1.03 1.37 96.10 97.58 96.84
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Current density | Time
> P (mg/1) Avg P | % efficiency remove P | Avg. %eff
(mAcm)) (min)
0 4349 | 4144 | 4247 0.00 0.00 0.00
5 27.11 29.09 | 28.10 37.66 29.80 33.73
10 23.89 19.83 | 21.86 45.07 52.14 48.61
15 16.32 13.57 14.94 62.47 67.26 64.87
20 10.12 9.00 9.56 76.73 78.28 77.50
25 5.19 4.69 4.94 88.06 88.67 88.37
7.16 30 1.05 1.76 1.40 97.59 95.76 96.67
35 0.43 1.08 0.76 99.00 97.40 98.20
40 0.71 0.96 0.83 98.36 97.69 98.03
45 0.90 0.77 0.83 97.94 98.15 98.04
50 0.94 0.64 0.79 97.83 98.44 98.14
55 0.97 0.51 0.74 97.78 98.77 98.27
60 1.05 0.47 0.76 97.59 98.86 98.22
AR A.2 UEAdm pH 11InmMsaiiuau Iniluadl
Current density | Time
2 pH Avg. pH
(mAcm)) (min)
0 7.82 7.73 7.70 7.68 7.68 7.72
5 7.88 7.84 7.82 7.79 7.74 7.81
10 7.92 7.89 7.86 7.81 7.78 7.85
15 7.96 7.91 7.91 7.84 7.82 7.89
2.39 20 8.01 7.97 7.96 7.88 7.86 7.94
25 8.05 8.01 8.01 7.93 7.90 7.98
30 8.10 8.06 8.05 7.96 7.94 8.02
35 8.16 8.12 8.12 8.02 7.99 8.08
40 8.21 8.17 8.18 8.07 8.09 8.14
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Current density | Time
" pH Avg. pH
(mAcm)) (min)

45 8.26 8.23 8.23 8.13 8.14 8.20

539 50 8.30 8.28 8.28 8.18 8.18 8.24
55 8.34 8.32 8.32 8.22 8.21 8.28
60 8.37 8.36 8.36 8.28 8.28 8.33
0 7.74 7.74 7.68 7.66 7.70
5 7.97 7.85 7.78 7.73 7.83
10 8.05 7.93 7.87 7.79 7.91
15 8.14 8.02 7.95 7.87 8.00
20 8.27 8.13 8.03 8.01 8.11
25 8.39 8.25 8.19 8.1 8.23

4.77 30 8.49 8.34 8.27 8.18 8.32
35 8.51 8.41 8.33 8.28 8.38
40 8.62 8.48 8.40 8.34 8.46
45 8.71 8.53 8.48 8.38 8.52
50 8.77 8.60 8.52 8.49 8.59
55 8.77 8.64 8.54 8.51 8.62
60 8.79 8.65 8.57 8.52 8.63
0 7.77 7.66 7.71
5 7.91 7.78 7.85
10 8.02 7.90 7.96
15 8.16 8.09 8.12
20 8.31 8.22 8.26

7.16
25 8.43 8.34 8.39
30 8.54 8.44 8.49
35 8.64 8.50 8.57
40 8.68 8.55 8.61
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Current density | Time
" pH Avg. pH
(mAcm)) (min)
45 8.70 8.58 8.64
50 8.75 8.61 8.68
7.16
55 8.78 8.65 8.71
60 8.81 8.68 8.74
= 0 ) a o
M1319% A3 uamNamﬂmimmmmmmlmmmmm‘mumsﬂugﬂ COD
Current density Soluble COD
(mA cm”) sample N Blank | mlsample | mltitrate | COD(mg/l) | %Eff
Inf 0.0902 | 6.50 1 5.33 848.12
2.39 2.13
Eff | 0.0902 | 6.50 1 5.35 830.08
Inf 0.0902 | 6.35 1 5.38 703.76
4.77 2.56
Eff | 0.0902 | 6.35 1 5.40 685.71
Inf 0.0952 | 6.10 1 4.95 876.19
7.16 8.70
Eff |0.0952 | 6.10 1 5.05 800.00
A Y Y <
AN A4 ANVLUNVUUDIUNAN
Current density Time
5 Fe (mg/1) Avg. Fe
(mA cm”) (min)
0 0.31 0.75 0.53
5 6.00 7.63 6.81
10 11.75 11.50 11.63
2.39 15 19.13 19.88 19.50
20 25.63 25.75 25.69
25 30.00 34.63 32.31
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Current density Time
5 Fe (mg/1) Avg. Fe
(mA cm") (min)

30 38.75 41.13 39.94
35 44.00 48.88 46.44
40 54.88 59.00 56.94

2.39
45 59.25 64.88 62.06
50 68.50 72.38 70.44
55 74.63 78.50 76.56
60 78.63 87.75 83.19
0 0.55 0.31 0.43
5 11.13 15.50 13.31
10 25.50 28.88 27.19
15 39.00 44.25 41.63
20 54.63 60.88 57.75
25 68.88 74.25 71.56

4.77 30 82.13 89.13 85.63
35 99.25 106.50 102.88
40 112.88 121.75 117.31
45 126.88 133.00 129.94
50 141.63 149.50 145.56
55 148.38 154.50 151.44
60 151.13 157.13 154.13
0 0.28 0.36 0.32
5 12.25 20.50 16.38
10 35.50 41.88 38.69
15 58.00 69.38 63.69

7.16 20 80.63 92.88 86.75
25 100.75 123.00 111.88
30 128.88 139.25 134.06
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Current density Time
5 Fe (mg/1) Avg. Fe
(mA cm") (min)
35 149.88 150.75 150.31
40 151.50 157.00 154.25
7.16 45 163.25 162.50 162.88
50 172.38 173.25 172.81
55 175.75 178.00 176.88
60 199.75 197.75 198.75

ms19i A5 mewamﬂmﬁmiwﬁ XRF

Current density | Operating time Chemical composition
Sample 5
(mA cm ) (minutes) %Fe,0, | %P,0, | %MgO
Soil Conditioner
- - 0.72 50.30 23.55
(no iron)
2.39 60 51.60 24.25 3.55
Soil Conditioner
4.77 60 63.85 20.00 1.88
From EC process
7.16 60 71.25 13.70 1.45




M15199 A.6 LAAIHANINNITAIUIVAT Anacrobic Toxicity Assay (ATA)

Control (1)
gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production | of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml) at 0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)

11/4/2557 | 0.0 0.00 0 72 0 0 0.000000 | 0.000000 | 0.000000 | 0.000000 0.000000

30/4/2557 | 426.83 | 17.78 21.6 93.6 1190 1.5669 | 1.139562 1.139562 | 3.255730 | 3.255730 0.000326 0.3

2/5/2557 | 472.83 | 19.70 1 73 4482 5.5352 | 2.263034 | 3.402597 | 9.721219 | 6.465489 0.000972

6S1



M15197 A.6 LAAINANINNITAIUIVAT Anacrobic Toxicity Assay (ATA) (710)

Soil conditioner (no iron) 1g (1)
gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production | of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH,area | %CH, | (ml) at0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)
11/4/2557 | 0.0 0.00 0 72 0 0 0.000000 | 0.000000 | 0.000000 | 0.000000 0.000000
17/4/2557 | 113.0 | 4.71 12 84 2769 3.3957 2216305 | 2.216305 | 6.331985 | 6.331985 0.000633
18/4/2557 | 136.5 | 5.69 1 73 3437 4.1302 0.443000 | 2.659306 | 7.597637 | 1.265652 0.000760
0.6

24/4/2557 | 284.83 | 11.87 19.1 91.1 9700 20.1452 | 11.949120 | 14.608426 | 41.736273 | 34.138637 0.004174
28/4/2557 | 377.00 | 15.71 9.6 81.6 11026 | 23.0079 | 3.317714 | 17.926140 | 51.214983 | 9.478709 0.005121
30/4/2557 | 426.83 | 17.78 1.6 73.6 12328 25.23 1.556791 | 19.482931 | 55.662735 | 4.447752 0.005566
2/5/2557 | 472.83 | 19.70 2.1 74.1 12312 | 26.4068 | 1.089229 | 20.572160 | 58.774661 | 3.111927 0.005877

091



M5197 A.5 LUAAINAINNITAIUIVAT Anacrobic Toxicity Assay (ATA) (710)

Soil conditioner from EC process at current density 2.39 mA/cm’ 60min 1g (1)

gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml) at 0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)
11/4/2557 0.0 0.00 0 72 0 0 0.000000 0.000000 | 0.000000 | 0.000000 0.000000
24/4/2557 | 284.83 | 11.87 19.1 91.1 3323 6.8063 | 4.817819 4817819 | 13.764509 | 13.764509 0.001376
28/4/2557 | 377.00 | 15.71 0.6 72.6 4298 8.6437 | 1.068212 5.886031 | 16.816391 | 3.051882 0.001682 0.08
30/4/2557 | 426.83 | 17.78 0.6 72.6 4758 9.6357 | 0.599886 6.485917 | 18.530265 | 1.713875 0.001853
2/5/2557 472.83 | 19.70 0.6 72.6 5270 9.8535 | 0.167783 6.653700 | 19.009621 | 0.479356 0.001901
Soil conditioner from EC process at current density 2.39 mA/cm’ 60min 1g (2)
11/4/2557 0.0 0.00 0 72 0 0 0.000000 0.000000 | 0.000000 | 0.000000 0.000000
24/4/2557 | 284.83 | 11.87 18.6 90.6 3307 6.9354 | 4.882258 4.882258 | 13.948611 | 13.948611 0.001395
28/4/2557 | 377.00 | 15.71 0.6 72.6 4239 8.5724 | 2.104378 6.986636 | 19.960818 | 6.012207 0.001996 0.5
30/4/2557 | 426.83 | 17.78 0.6 72.6 4659 9.6034 | 4.240024 | 11.226660 | 32.074567 | 12.113749 0.003207
2/5/2557 472.83 | 19.70 0.6 72.6 4354 9.8443 3.181150 | 14.407810 | 41.163113 | 9.088546 0.004116
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M5197 A.5 LAAIHAINNITAIUIVAT Anacrobic Toxicity Assay (ATA) (710)

Soil conditioner from EC process at current density 2.39 mA/cm’ 60min 5g (1)

gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production | of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml) at0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)

11/4/2557 | 0.0 0.00 0 72 0 0 0.000000 0.000000 | 0.000000 | 0.000000 0.000000
17/4/2557 | 113.0 | 4.71 9 81 1206 1.4893 0.937321 0.937321 | 2.677925 | 2.677925 0.000268
18/4/2557 | 136.5 | 5.69 1 73 1563 1.9286 | 0.260747 1.198068 | 3.422880 | 0.744955 0.000342

24/4/2557 | 284.83 | 11.87 0.6 72.6 1671 3.5415 0.918831 2.116899 | 6.047981 | 2.625101 0.000605 0.05
28/4/2557 | 377.00 | 15.71 0.6 72.6 1892 3.8380 | 0.183767 2.300666 | 6.573003 | 0.525022 0.000657
30/4/2557 | 426.83 | 17.78 0.6 72.6 1945 4.0717 | 0.149723 2.450389 | 7.000762 | 0.427760 0.000700
2/5/2557 | 472.83 | 19.70 0.6 72.6 1830 42286 | 0.107490 2.557879 | 7.307861 | 0.307099 0.000731

1



M5197 A.5 LAAIHAINNITAIUIVAT Anacrobic Toxicity Assay (ATA) (710)

Soil conditioner from EC process at current density 4.77 mA/cm’ 60min 1g (1)

gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production | of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml)at0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)

11/4/2557 0.0 0.00 0 72 0 0 0.000000 | 0.000000 | 0.000000 | 0.000000 0.000000

17/4/2557 | 113.0 | 4.71 13.5 85.5 1426 1.7073 1.134219 1.134219 | 3.240464 | 3.240464 0.000324

18/4/2557 | 136.5 | 5.69 1 73 1811 2.3036 | 0.351493 1.485712 | 4.244680 | 1.004216 0.000424

24/4/2557 | 284.83 | 11.87 0.6 72.6 6213 13.3009 | 6.214338 | 7.700050 | 21.999044 | 17.754365 0.002200 0.3

28/4/2557 | 377.00 | 15.71 0.6 72.6 7167 15.1758 | 1.119644 | 8.819694 | 25.197866 | 3.198822 0.002520

30/4/2557 | 426.83 | 17.78 0.6 72.6 7868 16.8308 | 1.004338 | 9.824033 | 28.067261 | 2.869395 0.002807

2/5/2557 | 472.83 | 19.70 0.6 72.6 1179 19.7136 | 1.704658 | 11.528691 | 32.937470 | 4.870209 0.003294
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M5197 A.5 LAAIHAINNITAIUIVAT Anacrobic Toxicity Assay (ATA) (710)

Soil conditioner from EC process at current density 4.77 mA/cm’ 60min 1g (2)

gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area | %CH, (ml) at 0°C (ml) (mgCOD) | (mgCOD /gVSS.day)

11/4/2557 0.0 0.00 0 72 0 0 0.000000 0.000000 | 0.000000 | 0.000000 0.000000

17/4/2557 | 113.0 | 4.71 15 87 1116 1.3349 0.902379 0.902379 | 2.578097 | 2.578097 0.000258

18/4/2557 | 136.5 | 5.69 1 73 1436 1.8294 0.290858 1.193237 | 3.409077 | 0.830980 0.000341

24/4/2557 | 284.83 | 11.87 0.6 72.6 4064 9.8594 4.538268 5.731504 | 16.374908 | 12.965831 0.001637 0.2

28/4/2557 | 377.00 | 15.71 0.6 72.6 7250 15.6782 3.328361 9.059866 | 25.884036 | 9.509128 0.002588

30/4/2557 | 426.83 | 17.78 0.6 72.6 8433 17.3546 1.018752 10.078618 | 28.794611 | 2.910575 0.002879

2/5/2557 | 472.83 | 19.70 0.6 72.6 7061 16.4808 | -0.412005 9.666613 | 27.617513 | -1.177099 0.002762
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M5197 A.5 LAAIHAINNITAIUIVAT Anacrobic Toxicity Assay (ATA) (710)

Soil conditioner from EC process at current density 4.77 mA/cm’ 60min 5g (1)

gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production | of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml) at 0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)

11/4/2557 0.0 0.00 0 72 0 0 0.000000 0.000000 | 0.000000 | 0.000000 0.000000
17/4/2557 | 113.0 | 4.71 7.5 79.5 1099 1.3449 | 0.830765 0.830765 | 2.373495 | 2.373495 0.000237
18/4/2557 | 136.5 | 5.69 1 73 1360 1.7089 | 0.216914 1.047679 | 2.993220 | 0.619724 0.000299

24/4/2557 | 284.83 | 11.87 0.7 72.7 2217 4.1017 | 1.360937 2408616 | 6.881417 | 3.888198 0.000688 0.06
28/4/2557 | 377.00 | 15.71 0.6 72.6 2127 4.6568 | 0.332255 2.740872 | 7.830670 | 0.949253 0.000783
30/4/2557 | 426.83 | 17.78 0.6 72.6 2483 5.1032 | 0.273525 3.014397 8.612131 | 0.781461 0.000861
2/5/2557 | 472.83 | 19.70 0.6 72.6 1583 4.4096 | -0.367470 2.646927 | 7.562269 | -1.049862 0.000756
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M5197 A.5 LAAIHAINNITAIUIVAT Anacrobic Toxicity Assay (ATA) (710)

Soil conditioner from EC process at current density 4.77 mA/cm’ 60min 5g (2)

gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production | of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml) at 0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)

11/4/2557 0.0 0.00 0 72 0 0 0.000000 | 0.000000 | 0.000000 | 0.000000 0.000000
18/4/2557 | 136.5 | 5.69 7 79 1187 1.5046 | 0.923569 | 0.923569 | 2.638636 | 2.638636 0.000264
24/4/2557 | 284.83 | 11.87 0.6 72.6 1815 3.9328 | 1.376767 | 2.300336 | 6.572059 | 3.933423 0.000657

0.06
28/4/2557 | 377.00 | 15.71 0.6 72.6 1940 4.086 | 0.104755 2.405091 | 6.871344 | 0.299285 0.000687
30/4/2557 | 426.83 | 17.78 0.6 72.6 2164 44767 | 0.239444 | 2.644534 | 7.555434 | 0.684090 0.000756
2/5/2557 | 472.83 | 19.70 0.6 72.6 1425 4.0144 | -0.239914 | 2.404620 | 6.870000 | -0.685434 0.000687
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M5197 A.5 LAAIHAINNITAIUIVAT Anacrobic Toxicity Assay (ATA) (710)

Soil conditioner from EC process at current density 7.16 mA/cm’ 60min 1g (1)

gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production | of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml) at 0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)
11/4/2557 0.0 0.00 0 72 0 0 0.000000 | 0.000000 | 0.000000 | 0.000000 0.000000
18/4/2557 | 136.5 | 5.69 13 85 1374 1.7171 1.134059 1.134059 | 3.240006 | 3.240006 0.000324
24/4/2557 | 284.83 | 11.87 0.6 72.6 3799 8.1757 | 3.651314 | 4.785373 | 13.671811 | 10.431805 0.001367 02
28/4/2557 | 377.00 | 15.71 0.6 72.6 4439 9.2907 | 0.667089 5.452462 | 15.577683 | 1.905873 0.001558 .
30/4/2557 | 426.83 | 17.78 0.6 72.6 5062 10.148 | 0.526918 5.979380 | 17.083088 | 1.505404 0.001708
2/5/2557 | 472.83 | 19.70 0.6 72.6 3899 10.3863 | 0.181735 6.161115 | 17.602306 | 0.519218 0.001760
Soil conditioner from EC process at current density 7.16 mA/cm’ 60min 1g (2)

11/4/2557 0.0 0.00 0 72 0 0 0.000000 | 0.000000 | 0.000000 | 0.000000 0.000000
24/4/2557 | 284.83 | 11.87 13.6 85.6 3088 6.6023 | 0.000000 | 0.000000 | 0.000000 | 0.000000 0.000000
28/4/2557 | 377.00 | 15.71 0.6 72.6 4148 8.4254 | 4.391269 | 4.391269 | 12.545855 | 12.545855 0.001255 0.08
30/4/2557 | 426.83 | 17.78 0.6 72.6 4689 9.2652 1.059194 | 5.450463 | 15.571973 | 3.026118 0.001557
2/5/2557 | 472.83 | 19.70 0.6 72.6 3423 9.2238 | 0.513012 5.963475 | 17.037649 | 1.465675 0.001704
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M5197 A.5 LAAIHAINNITAIUIVAT Anacrobic Toxicity Assay (ATA) (710)

Soil conditioner from EC process at current density 7.16 mA/cm’ 60min 5g (2)

gas Tatal gas CH, t-amount | t-amount | t-amount ATA
Time gas analysis mgCH,-COD
Date production | volume production | of CH, of CH, of CH, (mgCH,-COD
/mgVSS
hr day (ml) (ml) CH, area | %CH, | (ml) at0°C (ml) (mgCOD) | (mgCOD) /gVSS.day)

11/4/2557 0.0 0.00 0 72 0 0 0.000000 0.000000 | 0.000000 | 0.000000 0.000000 0.02
24/4/2557 | 284.83 | 11.87 8.5 80.5 1154 1.4680 | 0.918212 0.918212 | 2.623332 | 2.623332 0.000525
28/4/2557 | 377.00 | 15.71 0.6 81.1 1167 1.4533 0.094535 1.012747 | 2.893417 | 0.270086 0.000579
30/4/2557 | 426.83 | 17.78 1 82.1 1246 1.5011 0.144543 1.157290 | 3.306377 | 0.412960 0.000661
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M99 9.6 uaaananmMImaana Iy liihuaza ldae

Curren density |  Time Volt. I | R=VI faalnih NAINH Unit | m¥e | wnaia. il
(mA/cmz) min | hr V) (A) (Ohm) | P=VI(W) | P=VI(kW) | E=P*t(kWh) | Um/kWh | (U M) g Bath/g | Bath/kg
0 | 0.00 | 4468 | 0976 |4.5779 | 4.3608 0.0044 0.0000 2.7628 | 0.0000
5 0.08 | 5.154 0.968 | 5.3244 4.9891 0.0050 0.0004 2.7628 0.0011
10 | 0.17 | 5.186 | 0.964 |53797 | 4.9993 0.0050 0.0008 2.7628 | 0.0023
15 | 025 | 5211 | 0.959 |5.4338 | 4.9973 0.0050 0.0012 2.7628 | 0.0035
20 | 0.33 | 5.234 0.956 | 5.4749 5.0037 0.0050 0.0017 2.7628 0.0046
25 | 042 | 5244 | 0954 |5.4969 | 5.0028 0.0050 0.0021 2.7628 | 0.0058
30 | 0.50 | 5.253 0.952 | 5.5179 5.0009 0.0050 0.0025 2.7628 0.0069
2.39 2.69 0.0335 | 33.50
35 | 0.58 | 5259 | 0.951 |5.5300| 5.0013 0.0050 0.0029 2.7628 | 0.0081
40 | 0.67 | 5271 | 0.949 |5.5543 | 5.0022 0.0050 0.0033 2.7628 | 0.0092
45 | 0.75 | 5.283 0.948 | 5.5728 5.0083 0.0050 0.0038 2.7628 0.0104
50 | 0.83 | 5299 | 0.948 |5.5897 | 5.0235 0.0050 0.0042 2.7628 | 0.0116
55 1 092 | 5321 | 0.947 | 56188 | 5.0390 0.0050 0.0046 2.7628 | 0.0128
60 | 1.00 | 5338 | 0.946 |5.6427 | 5.0497 0.0050 0.0050 2.7628 | 0.0140
59U 0.0901
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M99 4.6 taawanmMsmamna sy liihuazaldae @o)

Curren density Time | Volt. I | R=VI faalnih NAINH Unit | ml¥e | wwada. il

(mA/cmz) min | hr %) (A) (Ohm) | P=VI(W) | P=VI(kW) | E=P*t(kWh) | VI"WkWh | (1U1n) g. Bath/g | Bath/kg

0 |0.00|8208 | 1.972 | 4.1623 | 16.1862 0.0162 0.0000 2.7628 | 0.0000

5 |0.08 8809 | 1.965 | 44830 | 17.3097 0.0173 0.0014 2.7628 | 0.0040

10 | 0.17 | 8.892 | 1.96 | 4.5367 | 17.4283 0.0174 0.0029 2.7628 | 0.0080

15 | 0.25 | 8.928 | 1.955 | 4.5668 | 17.4542 0.0175 0.0044 2.7628 | 0.0121

20 |0.33]8.965 | 1952 | 45927 | 17.4997 0.0175 0.0058 2.7628 | 0.0161

i 25 [0.42]9.006 | 1.95 | 4.6185 | 17.5617 0.0176 0.0073 2.7628 | 0.0202
30 | 0.50 [ 9.045 | 1.948 | 4.6432 | 17.6197 0.0176 0.0088 2.7628 | 0.0243 4.25 0.0753 | 75.35

35 | 0.58 | 9.088 | 1.946 | 4.6701 | 17.6852 0.0177 0.0103 2.7628 | 0.0285

40 | 0.67 | 9.138 | 1.945 | 4.6982 | 17.7734 0.0178 0.0118 2.7628 | 0.0327

45 1075 | 9.188 | 1.944 | 47263 | 17.8615 0.0179 0.0134 2.7628 | 0.0370

50 | 0.83|9.251 | 1.943 | 47612 | 17.9747 0.0180 0.0150 2.7628 | 0.0414

55 10929301 | 1.942 | 4.7894 | 18.0625 0.0181 0.0166 2.7628 | 0.0457

60 | 1.00 | 9.339 | 1.942 | 4.8090 | 18.1363 0.0181 0.0181 2.7628 | 0.0501

591 0.3202
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M99 9.6 uaadnanmMsmuaana Iy liihuazaldae (@)

Curren density Time Volt. I | R=V/I | masldih WA Unit ml¥ae - 51
(mA/cmz) L) aio.
min hr V) (A) (Ohm) | P=VI(W) | P=VI(kW) | E=P*t(kWh) | UIM/kWh g. Bath/g | Bath/kg
0 0.00 8.827 | 2.175 | 4.0584 19.1987 0.0192 0.0000 2.7628 0.0000
5 0.08 12974 | 2.97 | 4.3684 38.5328 0.0385 0.0032 2.7628 0.0089
10 0.17 13.073 | 2.964 | 4.4106 38.7484 0.0387 0.0065 2.7628 0.0178
15 0.25 13.148 | 2.96 | 4.4419 38.9181 0.0389 0.0097 2.7628 0.0269
20 0.33 13.214 | 2.957 | 4.4687 39.0738 0.0391 0.0130 2.7628 0.0360
25 0.42 13.289 | 2.955 | 4.4971 39.2690 0.0393 0.0164 2.7628 0.0452
7.16 30 0.50 | 13.378 | 2.953 | 4.5303 39.5052 0.0395 0.0198 2.7628 0.0546 4.98 0.1437 143.69
35 0.58 13.467 | 2.952 | 4.5620 39.7546 0.0398 0.0232 2.7628 0.0641
40 0.67 13.513 | 2.952 | 4.5776 39.8904 0.0399 0.0266 2.7628 0.0735
45 0.75 13.557 | 2.951 | 4.5940 40.0067 0.0400 0.0300 2.7628 0.0829
50 0.83 13.597 | 2.95 4.6092 40.1112 0.0401 0.0334 2.7628 0.0923
55 0.92 | 13.638 | 2.949 | 4.6246 40.2185 0.0402 0.0369 2.7628 0.1019
60 1.00 13.693 | 2.949 | 4.6433 40.3807 0.0404 0.0404 2.7628 0.1116
PIREY 0.7156
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= 9 9 W~
M99 4.1 LAAIANNUNTUVOINIFUMUINUU AN YAS

Y k% [ =
ANMUVNTHYBIMBTINY (ppm)
M
TanYY - mslateonms | mslaansd3ulse | mslatea
(u1ﬂ) ﬂguﬂu a da a & ad
ANTTHAY AMMNAUNTITIAN ABINBATNS
0 2.94 2.26 2.33 2.08
5 2.97 2.38 2.55 2.07
FUNAY 10 2.99 2.35 2.61 227
15 3.05 2.27 2.36 2.26
20 3.06 2.23 2.63 2.29
0 2.19 1.89 1.87 1.87
5 2.06 1.86 1.86 1.84
UNINAUY 10 2.06 1.92 1.84 1.85
15 2.05 1.95 1.86 1.85
20 2.03 1.86 1.85 1.81
0 2.69 5.23 2.02 1.93
v A 5 2.66 5.27 2.04 1.95
AUIADU
o 9 10 2.60 5.21 2.03 1.92
AUAHUS
15 2.72 4.80 2.00 1.94
20 2.71 5.11 1.97 1.95
0 1.86 1.82 1.83 1.61
“ 5 1.87 1.83 1.74 1.83
NAUADU
o 9 10 1.89 1.84 1.68 1.84
AUAHUS
15 1.88 1.89 1.67 1.89
20 1.87 1.77 1.67 1.77
0 2.00 1.80 1.76 1.79
lae 5 1.95 1.76 1.72 1.69
PO 10 1.96 1.75 1.72 1.72
Y] J
INNINUD 15 1.96 1.71 1.68 1.69
20 1.94 1.72 1.65 1.69
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a Y 9 A 1
MI1N 9.1 LaaInNUEUNTHVDIMIsHMUIINLY aunEas (910)

Yy v 14 S
ANMANTUVBIMBTINY (ppm)
I
TanYY - mslateonms | mslaansd3ulse | mslatea
(u1ﬂ) ﬂguﬂu a da a & ad
INHAY | AamnAuNearan | I5n¥AIns
0 1.91 1.86 1.74 1.82
- 5 1.87 1.84 1.78 1.81
Huay
10 1.92 1.86 1.78 1.73
15 1.89 1.89 1.76 1.83
20 1.88 1.88 1.74 1.87
0 1.86 1.86 1.69 1.83
v A 5 1.94 1.84 1.69 1.80
Auion
10 1.84 1.92 1.69 1.82
1IN
15 1.99 1.92 1.70 1.89
20 1.92 1.92 1.71 1.86
0 2.26 1.93 1.79 1.84
5 2.29 1.96 1.72 1.87
Yae
- 10 2.28 1.97 1.78 1.86
iAoY
15 2.11 2.03 1.79 1.93
1Y
20 2.40 2.03 1.78 1.90
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