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Sasivimol Tangshewinsirikul 2012: Emission Rate and Vertical Distribution of Methane and
Hydrogen Sulfide from Domestic Sewage in Song Thevada Canal, Bangkhunsri,

Bangkok Noi District, Bangkok. Master of Science (Environmental Science), Major Field:
Environmental Science, College of Environment. Thesis Advisor:

Assistant Professor Surat Bualert, Ph.D. 101 pages.

Emission rate and vertical distribution of methane and hydrogen sulfide from sediment
domestic sewage in Song Thevada Canal, Bangkhunsri, Bangkok was sampled in four stations and
five positions over the canal. The results indicated that the highest methane emission rate was 0.442
and 0.349 kg.m.year” at sediment and water surface level, respectively at sampling station no.1. The
average methane emission rate of all sampling station was 0.397 kg.m?year” at sediment level and
0.235 kg.m2year at water surface level. For the highest hydrogen sulfide emission rate was 2.980
and 1.701 g. m?. year™ at sediment level and water surface level, respectively at sampling station no.1
as methane. Moreover the average hydrogen sulfide emission rate of all sampling station was 2.402 g.
m? year® at sediment level and 1.492 g. m year™ at water surface level. The concentration gradient
of methane and hydrogen sulfide was highest level where between water surface and 30 cm. above
water surface level showed maximum gradient at sampling station no.3 which was 2.2416 ppm.cm”,
for methane and 0.0320 ppm.cm™. for hydrogen sulfide. The cases of 10 days diurnal laboratory stuy
showed maximum methane and hydrogen sulfide emission was on the sixth day of measurement from
sampling station no.3 sediment. The maximum average emission was 36,183 ppm of methane and 2.71
ppm of hydrogen sulfide. The average methane and hydrogen sulfide emission rate from sediment of
all sampling station were 2.98 Kg. kg™ yimer Year* and 0.37 ¢, kg™ Year, respectively.

Student’s signature Thesis Advisor’s signature
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Ufn3en Ufn3en
R Sendu  Reduction een@mdu Oxidation — _
wmmmﬁmsﬂc‘n . . FHAUDI
= Il potential dild  potential .
(Type of respiration) GRIERLY
dranasou- (V) dranasou- (V)
Nanan Nanan
Aerohic 0,H,0 +0.81 CH,0-CO, 047 Aerohes
Denitrification NO*-N,  +0.75 CH,0-CO, -047 Facultative
Anagrobes

Manganese reduction ~ Mn**-Mn® 40,55 CH,0-CO, -047
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Sulfate reduction SOHS,  -0.22 CH,0-CO, -0.47 Anaerobes
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Methanogenesis COCH, 025 CH,0-CO, -047 Anagrobes

fian: Maier et al. (2009) uas Pepper et al. (2006)
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Methanobacteriales, Methanococales uaz Methanomicrobiales dauaaaun i 6

Rinzema and Lettinga (1988) w1 nuadiSenqu Sulfate Reducer uazuuaiisenqu

Methanogen Tdnuaizu1esznisiadieiu tiu desegnieldaning1foandgiau (Strict

= 1

Anaerobic Condition) ssvesgmnginazanuiunsaaeilndidesiu sawdwuaiiisongy

a
U

Sulfate Reducer mqmﬂﬁuﬁ:ﬁqmmmaaﬂ?n"lwﬁ“laiﬂmmmzaz@mw AdenuLUATISINg

a

Methanogen 8ndae sldinamsunadalumsldarsdana
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(<) = (2 [ Jd 9 4 A a d? Aaana 1

uonnnmMalimunazme lalasauda Ildudr maiinatunnilgasenisdesdaiy
a = o g' A v A A 2} = I A A 1 =} = BJd' I a
asounidlinindedunanaunmindeduda Wawnsonandedlaiiosnniusssuma

oy = 4 a a J g’ = 1 1 [ 9 A A A dazl =
Yo udy 03flsznovvesasounIdluindeuaazursazdanalinauitnayuiiaiy
uangeiu (Onkal-Engin et al., 2005) 15w laTasiauda’lia (Hydrogen Sulfide) o Tuidie
(Ammonia) refiu (Aming) wazinesuadunu (Mercaptans) tfudu daulngiiasin

9 v
assznoudamles uaz Tulasnu udeyurulasiall dseneudredamesounid Sooaz
1 ~

1 9
3-6 Gadnsudeans unnnldsAwiudiulug nwasvesluTasnulnindeldun ¢3u

Tds@unaznsaeziilu dauaasluaisian 4

d' [ Aa A g' =
ﬂ1§1\17|4 m%mmau”lummﬂ

Foasilsznou qaTiad Snazveenay

pz@noan las CH,CHO nauay, nauwa'l

o Tuile NH, nauay, uazhliddnszae
e eluTnssayn

lawiarodiv (CH,),NH nauniuniiy, ndunmlan

ey C,H:NH, naundieuen Tudie

Aawesualuny C,H:SH naunzna A

leTasiaudta s H,S nau i

ooy CH,NH, nau iy, nauma

witamesualunu CH,SH naunzna A

fisn; WEF and ASCE (1995)
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(% [

Saqdun3ddugou (Complex Organic Materials)
wu Indusan lsa uag lugiu
aszuums lalas lade uagnszurumsnin

(Hydrolysis, Fermentation)
Tag Hydrolytic bacteria waz Fermentative acidogenic bacteria

¥

a S J =
NIABUNTY LIDANDIDA uami@m

(Organics acids, alcohols, ketones) 2 \

\, y Sulfate
nsTUIUMTOYE lalnuuda |
. . . Reduction
! (Acetogenesis) Tae Acetogenic bacteria
malaTasinuuas l
zana(Acetate
asvoulaeenlsd (H+ CO,) | < > yads )
| |
Methanogenesis Methanogenesis
| Mastimutazaiuoulaeon lud
(CH,+CO)) ¢
Sulfate Reduction Sulfate
Reduction
malaTasouda lwduaz
> asvoulaeenlad (H,S + CO)) j—l

s 6 Substrate Competition between Sulfate-Reducing and Methanogenic
or Acetogenic Bacteria

fian: Bitton (1999)
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3.1 Matimu

[+ I ) { 1 A ] a ' {
mafmundumai lifinau Tulid aalvde Jyameadn -161.5 ewrnaaidoa
A [ 9 a 9 =\ I a (9 a dy Yo a Y 3
WewauiveIniAnalgaszia lauasianuiuny mertdailasumsinsan iy
23 =) o = Ao ' A dg} a A A v oA
MAToUNIZIN AIMile NlnanensinuIuvesguugiilan Tasgaauianisganaused
a 1o 4 J. J
surlsusald@niisarsueulasenladas 20-30 i1 (Le Merand Roger, 2001) Taonalnuea
¢ A a 2 A o a Y A o
Usingmisaiseunszaniiatiuiie s9d8a21u3auINAeINAdNTENUUITEINIATAN
9 1 B o Y = 1 & a v A
ANUTBUAINN T NUITEINIAgATY uazBndiunilangg linsenuiaTan 594
9 d' a 1 a [ Y = 1 9 [} [
anuieuiinsznuialanundiuszgnidlangadu uasiundiuazioundn i
] 9 [ 1 Y
V3TMA Fedmfussemazgadu dnils nazdndunilazrgasengeInis Ay

E4
a =2

=< o Y A A A Ao g ¥ ~
Uiiﬂ"lﬂ"lﬁ’l]\?ﬂ']ﬁi!']ﬂlﬁﬂ@Ll!ﬁf’]UﬂﬁgfﬂﬂVIVITGlﬁIaﬂqumﬁﬂiJﬁﬂﬂlu

G U

methane methane methane
(simple drawing) (ball-and-stick model) {(space-filling model)

a ¥ a @ A
ﬂTINTI? qummsnmmmmmumu

fia: Seton Hall University (n.d.)
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Bacteria w30 Methanogen) e Family Methanobacteriaceae uiiaiiu 2 nquie nuadisedd
suafluusia (Rod Shape) wazuuniiefitiyalsranan (Sphericall Cell) (Seiler, 1990; Yavitt,
1992)
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a a 4 o [ v J 1 1
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=1

[ a = a 1o & 9 9 A a a a
DIAYUITIUN 3J3Ji’)f’Jﬂ"]ﬂﬁ]ullaghlﬂJ‘l]”IL‘iJl!@]ﬂ\ﬂ%ﬁTi@TWTiLWNmNiuﬂTiL‘ﬂiﬂJMUT@] NI

aPA

aunsoldnandnfidannyaunidou (Microorganism) snlshfuasewnsuaziniapdniald
a1se1ns fddyvewuaiiFenguilldun exdian (Acetate) Wosium (Formate) wmiuea
(Methanol) wsdiran 10l (Methylated Aming) uaga1seuveuuen lud duanslunind 8

J dyd' a g A Aa l a = o A A
ﬁﬁ‘ﬂi%ﬂf’]‘umﬁWHVIW‘]JGlLl‘Eiﬁ3JGD'W]L‘iJ‘LlWﬁNa@]mﬂﬂi]TﬂﬂTiEJE’)fJﬁaTEJ?Hi@Ll‘I/IiEJIﬂEJLL‘UﬂVILiEJ

9 Y
v A

d' o a a a A =1 = (% d‘ A a a
ﬂﬁ?ﬂfy’ﬂ@ﬂﬁ!ﬁ]iifgmUiﬁﬂlﬂﬂllﬂﬂﬂliﬂﬂigm‘ﬂu %wﬂu"laiﬂmumﬂm nslsmumsina

=3

o s A d? A A ) = 1 4 a 2D L9 Y
ﬂTiDﬂullﬂﬂﬂﬂhlcﬁﬂﬂLWMﬂlu LLTJﬂTILiEWIﬁiNlJWIHﬁ]%ﬂ@ﬂﬁ’ﬁmﬂﬁﬂﬂuﬂ]@ﬂﬁﬁ@uﬂiﬂiﬁ

Y =

I [+ 4 J 2 Ao w 1 a a2 d os/' 1
ﬂﬁ18&‘1J1!ﬂ1“]5ﬂ15‘ﬂf’)ullﬂ@ﬂﬂllcﬁﬂlmgﬂW]fllWIu FINAIAUNITYDYTAAYTITDUNTYAI) AUNIN

A ad a A ~

unidsiiaou mnziunuaiiGeiegaeldanngi lilimsuvsiundeduansn (Substrate)

=1

e oD

=

a 4 @ % 1< a 4 { 1 H
funuafiSesiiadyu Sumasnilddndumiane lud luvazinuaiiisenqgu Reducing

9

Sulfate a2 liseuaisomssiial
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COo
2e~ 2e~
formyl-MF

(i)

formyl-H,4SPt

methenyl-H4SPt
b i 2e-
methylene-H4SPt
2e- %—)2&'

methyl-amines meth}‘lfH.;SPt

methanol v methyl-CoM
2e- =
methyl-sulfides w
CHg4

2e~

acetyl-CoA

acetyl-Pi

ATP
acetate

M 8 AszuumaRaMemunAFUTNINYHAA99

fian: Broad Institute (2002)
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o d‘ v 1 (2] = 1 ] dy d‘ d‘ = =KX o
MIMUIANDIonsINIsUandassnalitnuas tiUIeNUN INBANEI1D0AS
ﬂﬁﬂﬁﬂﬂﬁ@ﬂﬁvicﬁﬁmumﬂﬂaﬂ\1‘1/]5%‘1/]’3@11 LL"U’N‘]JNGIJL!?G HJ@]‘]JNﬂ?Jﬂ‘Ij}i’JEJ AIUNNUNIUAT

9
v A

annsomldlaeldanuduiusvesaunis Close-Chamber (Rolston, 1986) asti

F= (VIA) (273/T) (aC/aT)

Tag F = Wsnamasiimudianaes (CH, Gas Flux)
wihedu fadnsulimusemnuuasaedlug
V = JSinasreeiuneslunaeunuiie (Chamber Headspace)

] [ J
wihedlu gninafuas
A - &y Aa g; A ' I3 o ] I
= fupAnhinaesnumsasey wiedlumuuas
= < o '
(aC/aT) = maldsumlasrnududuvesmaiimudenan
] < A a o 1 J "
wiheily dadnsuregninafuasaodsd Tu
= a o 4 ] 1 1 3 o
T = gaigiiduyssivesomanielugosinmelundounuisy

vidodu madu (K)
32 malalasuda g

falaTasinudalild iuniinlunaion Feru nsalalasdaiia nsalalasiou

3 =

9
dansa la'lelasiou TuTudalud la'leTasiou daldd uay fainde udu Taod

aaslaseadnefo H-S-H iufanluiid aa'ldld vazinaunnizdinaie i o

U

Y Y v Y
anuansnazareinla 1 asy lui 242 Haaaas noamvai 20 osrwsaiFed uanainiiea

Q U
14

ansnazalelalu neanssed simes natwesea siiuay 1fudu (WHO, 2003)

& o o & O Aa S A Y 91 a Yy 9 o
u’eﬂmu@mﬂuumyﬂuﬂwmmmm‘ﬂuquq ﬁ?ﬂJWﬁﬂQjﬂ@ﬁT\]WUUlﬂﬁwﬂ LLUINVSUANUV U UA
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() @ P cl, [ A
msgaaumalelasuda ldananudududrvzdinaliine oimsiiadsuy

a A =) = = [ 1 Y U 9 a Y dy U =
NABUATYE 91U DADA UHUWIIBN 18N 911 1AU L9ty NAWIHBBOULTI TINDI 813
' = A = v o A Yy 9 ' Y a o
Pueudzavazde inlimsdudananududu 50 ppm ez dewaldifiaeinsvasaaudniey
a [ o o v =R IS) g’ !
mamsenaungludine nazenseauaumindudans 250 ppm szlionisaaziimoy

A ] a a 4 a I
Moa an1Izv19000F9U 8IMITN HuAdA taziForIaiiosninszuuniuauieladly

DUNIA

o J 1 3’ = Qy v A =< '
sdalesisingeglunindeguyuainnsiavednsuiou smdIna Mg
=S 1 d' 1 U 31 u’j a A 09/} 1 =) 1
nazgarna 1 Negluuma niniumusIsueNa Nesuge amse tazgasnnguame 15 ns
(Heterotroph) anansashdaesneglugidaanindaiunsaosdiu gy Famdu
(Cysteine), 1 InTediu (Methioning) uas Taeu laiaiiade (Coenzyme) (qifmdia, 2548)

9

o v 9 9/ A Y < 9
UDNITNUUBDIINIIN ﬁ']iqlfﬂﬁTQQ]TﬂTJ']ulii’]uﬂQNGﬁaIV\ILu@ 1Wuau

HiCx
\ =
/’G:O = '-;2 -!;'
ot -~ mE&f mTHf s
L \NHE e
il U

a9 gasTassadravesdamau (n) wag w'lnTotiu (v)

fian: Network Science Corporation (2010)
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fnvossamlesluialalasioudalid q?’awla‘fwé"ﬂ“lmfuﬁwmmzag‘i“lu;sjﬂ
vosdala (50,7) Afanududusevii 40-200 fadnsudedns Falaszgniaad i
#a'lWd Taouunfisengu Sulfate-Reducing Bacteria nuafiSemariiaunsaldFanta
dudsudidansoudgamelunsmelonun13e1aa wu Desulfovibrio, Desulfotomaculum,
Bacillus, Psudomonas 1:ax Desulfobacter Fanszurumstinmiiaasunoldaning 1o me

lunznouldiinde (Parande et al., 2006)

Y ]
laTasnudalidluinderzlsingedluglvesdalidassgiudn iioainw

9 [
Wunsaarsvesindeedii pH 7 Ao HS wag HS daaasluaunis

HS,, <+—» H + HS .. .. (1)
HS «— H + s
H.S

(aq) +—> H:S(g)

9
aumsmaaiing Luag 2 fia pK, vidu 7.04 naz 11.96 awdén ludimvesaums

3 e k, (Henry’s Constant @ 20 °C) wwinu 468 atm (Mole Fraction)”

] 9 v
FadiifivalaTasiuda lldluaniuzmsazats (HSy) mniu Ammnsneeny

yssmadandounieusnld nisdandesvelalasiauda ldmdunszuiuniing

v Y
v

ara J A z gj c;y =] a o I I 1 o
WanaalvosruitiasonAve I 1Ty NV UYUNHY AmaNudunsatluaig @ﬁﬁﬂﬁulﬁa
v v

v . A
vosriude nazms Inadeuvesermemniieiudesiu (Yongsir etal., 2004) dsuaaslunini

10



Environmental

parameters
SOR, pH,
Material

of sewers

Environmental

Major sulfide processes

Corrosion of
SEWET

Odor nuisance and

parameters

health related

problem

T

Sulfunc acid

Hz3y in the urban
atmosphere

pH.
Turbulence
Temperature

H:Sg in the air
phase of sewers

Metal sulfides

(e.g.FeS)

pH,
Conductivity,
ORP

Aar-water interface

SaXLILIRE LY ELLIRRT AL ELRTE L L IR AL LERET DAL ELR T YL LT RE YY)

Pﬁx‘ipm

A

Air-water interface

Emission

Sulfur and its
oxidized forms

Sulfide species
in bulk
wastewater

biclogical
oxidation

sul

Sulfide formation by

fate reducing bacteria

F

Sulfur resources,

mainly sulfate

Aﬁ;ﬂ and

SRE, ORP,
. DOy, pH.
Temperature

d' a o I W o o A 1 v @ 1 oL oy =
MNN 10 ﬂigﬂluﬂ1§Lﬂﬂcﬁall1/\lﬂﬁaﬂ Llﬁgﬂ‘D‘UEJ'VIﬁQNﬁGI’O’JQﬁ]ﬂi‘ﬂfﬁﬂ/‘l@iiﬂigﬂ‘ﬂunﬁﬂ

fian: Zhang et al. (2008)

winervg SOB fe Sulfer-Oxidizing Bacteria
SRB #e Sulfate-Reducing Bacteria
ORP f» Oxidation Reducing Potential
DO #e Dissolved Oxygen
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Stanier et al. (1970) was Azad et al. (2005) na1ad1 HladeneduniivasFanindiuou
~ [ o Jd a dal A o [ J o 3 091 d?
wniinrgu dginsvesdamesuinuiuimer Taesamesvanlusuaznouluumivn
:; A 1% 1 a ad % 4 9
wasne damlauazmsdosdarsvoinsliznouounidnie Taglalasnuda Iidazgnadia
-4 - % 1 [} (]
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o " A v ; 1 A A a o [ 4
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Ugnsomsanazneulaiilu Tangdald u FeSuag FeS, duaaalunmi 11

Atmosphere
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2 HoS
Fine particles
and minerals
Sunlight Sunllght from river
Seawater waher
Water
evaporation
Sulfur, sulfite, Photosynthetic
thiosulfate sulfur bacteria

Mn-Fe-nitrate

sulfurfbacteria

Sulfur reducing Sulfide
y
Sulfate i
Assimilation i
Microbiological
and plant system FeS, FeS5,

Sediment
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fian: Azad et al. (2005)
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Huttunen et al. (2001) shmsifugredumatimuniidnsaziuows nnnzadi

ludszmeilunaud Taoldgunsalafidnasnsofivinn Tnd Tndidu (polypropylene) ae

A A A A 9 & 9 = A S A A 1y [V A
NONIF MFoUMUKHIAIEHasaRA NN lata 2YATUUU ANNINN 13

Gas Collector
Foway swpcnck—-.&

= Syringe

lly

0 =— Ring fastener

PVC tube —e

f

= Binker ring
Funnel —

st 13 gunsaliudeeiaiia i
fian: Huttunen et al. (2001)

Huttumen et al. (2003) ‘nﬁﬂy1mﬁﬂaﬂﬂaammﬂwumumﬂm 1A Postllampl
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a Y v @~ o & o
maawnh ol anududuvestaiimu (PPM) awuuiszdy w yaiudi061e 4 90 Tag

wimsiAudeds Suii 21 nuanius 2554

v v e ANDAIDES
ANMUNUUNIBUINY (ppm) 1 ) 3 1
FLAVHINZNOU
nageunse 1 113.74 121.85 12096 10112
naaense 2 125.35 12647 13398 10502
naTeLALIH 3 120.32 123.58 130.11 104.01
i 119.80 12397 13135 10338
izﬁuﬁaﬁw
nageunsei 1 99.79 442 7176 59.98
naaense 2 94,15 7134 81.84 58.94
naaeUnse 3 89.78 7176 82.58 5778
A 94.57 7251 80.73 58.90
sequmtionni1 30 wufms
nageunse 1 9.98 1159 1497 782
naaense 2 8.76 1363 13.44 8.43
naaeunsen 3 8.83 1161 12.04 8.01
A 9.19 12.28 13.48 8.09
seauvtiondau 150 mudung
nageunse 1 6.55 7.6 738 9.2
nageUnse 2 6.67 932 720 6.79
naaeunsen 3 743 8.94 702 494
A 6.88 8.44 1.20 6.98
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v v e AN DAI0E
ANUAUNVUMFUINY (ppm) ] ) 3 1
seaumtiofaau 350 wudmas
nareunsaf | 6.42 6.95 6.86 4.90
nAroUAZa 2 6.33 7.66 6.82 5,02
naroUAsa 3 6.37 8.08 7.1 6.13
mae 6.37 1.56 6.93 5.3
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anuiutuinalalasouda Tild LTI GIAN
(ppm) 1 2 3 4
JLAUHINZNDU
nageunse 1 2.14 217 298 1.86
namoUnTa 2 254 258 215 170
namoUnTai 3 246 255 284 164
Inag 258 2.63 2.86 1.73
JEAUHIN
nadouaTad 1 2,06 2.28 238 14T
namoUnTa 2 2.34 218 254 144
naaeunsei 3 2.15 2.39 258 1.50
Inag 2.18 2.28 250 147
sedumitonmni 30 wuAmas
nadouaTa 1 154 131 161 1.39
namoUnTa 2 1,08 172 150 141
namounTa 3 14T 1,60 152 140
Inag 1.36 1.54 1.54 140
seaumiloAau 150 mudiuas
nadoua3a 1 1,04 131 137 132
namoUnTai 2 132 133 150 1.24
nadounTa 3 14T 143 141 1.26
Inag 1.28 1.36 1.43 1.21
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anudutumelalasouda lid LTI GIAN
(ppm) 1 2 3 4
seauniloAau 30 uduas
nadouasif | 123 1.24 118 1.00
naaeUnse 2 1.13 1.09 1.39 0.97
nadounse 3 L1 127 1.29 107
Inag 1.16 1.20 1.29 1.01




MANUIN U

v 9 o A o o s a 2
ﬂ'J']?JLsUllsULlsUi’)Qﬂ']“]ﬁJWILl!Lﬁ$ﬂ1“]511aiﬂﬁlﬂucﬁahlwﬂﬂlﬂﬂﬁlluﬁ']lligﬂgmﬁ']

9%



97

a Yy 9 ) = <] @ '
mnawnh vl anududuvesiaiimu (Jpm) awszeznar 1ingaiudiedie 4 9a Tag

W sAUA06195e I Juil 22 aua1ius o9 Jui 3 Huiaw 2554

Wmsdne o Healfianisnsuniuaulsn

v v i AN VA0
ANUUNYUNIBULINY (ppm) 1 ) 3 1

Suit 1

soufufotansen Lma 11571 11,630 6,903 3,901

souufotansen 2 ima 11,554 11,609 6,928 3,944

soufufotansed 3 ma 11,562 11,614 6,931 3,921

a3 souRUf8 11,562 11,617 6,921 3,922
Suit 2

soufufotansed Limd 15,529 17.442 21659 9,157

soufufotansen 2 ina 15,544 17.408 21683 9,153

soUALTeINnTIH 3 m A 15,517 17,416 21,677 9,156

a3 souRUfe1 15,530 17422 21673 9,155
$uit 3

soufufotansed Limd 18,235 11,983 20,254 8,092

soUALTeNnTaH 2 A 18,223 12,001 20,225 8,109

soufufotansen 3 1md 18,216 11,986 20229 8,097

a3 souRufeg 18,225 11,990 20236 8,099
Suit 4

souALFeNneH Lindo 21,990 8,417 26,651 5,210

soufufotansen 2 ina 21986 8,426 26,625 5,266

soUALTIeINNTIH 3 A 22,014 8,438 26,641 5,256

a3 souRUf081 21997 8,427 26,639 5,264



msarani vl (o)
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v oy o AN DAIDE
ANUAUNVUMFUINY (ppm) 1 ) 3 1

$uit 5

souRLTeunaH L ind 19,061 12,167 63,676 11,224

soUAIFeNNTIH 2 A 19,070 12,196 63,714 11,254

soufufotansai 3 md 19,106 12,184 63,687 11,233

a3 souRUf8 19,079 12,182 63,692 11,237
Suit 6

1nde 30,369 38,236 101,39 24,399
Suit 7

Inag 9,118 11,633 16,979 6,488
$uit 8

Inag 15,977 21,641 31482 10,652
$uit 9

Inag 22,9% 317,009 31,101 11,633
Suit 10

1nig 17,59 25,146 29,116 10,216
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maawnh ¥2 anududuvestialalasiudalvd (Jpm) awszezna ngaudiedi
4 90 Taoiinisiiudionaszring Tuil 22 auanius 69 Jui 3 Turay

2554 fimsfine e eslfiiansnsunrugulse

anudutumeslalasouda lid LTI GIAN
(ppm) 1 2 3 4
Suit 1
soufudIne1ansei Limde 2.89 2.26 2.20 293
soufuFI0E 19N 2 nde 292 2.39 2.21 2.19
soufuFInE1Inse 3 nde 3.12 241 2.14 2.45
mae 3 soufiufIeds 298 2.35 2.20 2.12
Suit 2
soufudIne1ansei Limde 1.59 1.08 2.96 0.82
soufuFI0E 19N 2 1nde 1.03 1.39 258 1.25
soufuFInE 1R 3 nde 1.04 1.21 293 1.34
mae 3 soufiuiIeds 1.22 1.25 2.82 1.14
$uit 3
soufudIee1ansei Limde 0.64 1.38 4.52 2.35
soufuFI0E 1R 2 1nde 0.53 121 4.80 2.00
soufuFI0e 1R 3 nde 0.60 1.62 450 2.55
mae 3 soufiuiIeds 0.59 1.40 4,61 2.30
Suit 4
soufudIee1ansei Limde 0.54 0.39 1.39 1.86
soufuFI0E 1R 2 inde 0.75 0.51 1.52 1.66
soufudI0e 1R 3 1nde 0.61 0.37 1.15 1.79

man 3 soufue 0.63 0.42 1.35 177



MmN v (o)

100

anudiutuialalasouda s LTI GIAN
(ppm) 1 2 3 4

$uit 5

soufudIee1ansei Limde 2.25 2.63 298 1.44

soufuFI0E 1IN 2 1nde 248 2.80 3.29 1.67

soufuFI0E 19N 3 1nde 2.63 261 321 1.90

mae 3 soufiufI0t1s 2.45 2.68 3.18 1.67
5uit 6

Inag 351 3.28 6.35 4.74
Suit 7

1nag 1.76 0.61 0.82 1.60
$uit 8

Inig 1.02 091 2.16 2.56
$uit 9

nig 2.83 1.66 2.36 2.25
Suit 10

Inig 1.40 1.00 0.62 217
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