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MUTCHARIN BUNSERT : HYDROGEN CYANIDE AND HYDROGEN
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THESIS ADVISOR : ASSIST. PROF. SIRAPORN POTIVICHAYANON,
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HYDROGEN CYANIDE / HYDROGEN SULFIDE / GASES REMOVAL / DUAL

FIXED- FILM BIOSCRUBBER

In this study, a dual fixed-film bioscrubbers was applied for hydrogen cyanide
(HCN) and hydrogen sulfide (H.S) gases removal. A mixed culture of Agrobacterium
tumefaciens SUTS 1 and Pseudomonas monteilii SUTS 2 as a group of hydrogen
cyanide (HCN) degrading bacteria whereas A mixed culture of Acinetobacter sp.
MU1 03 and Alcaligenes faecalis MU2 03 as a group of hydrogen sulfide (H.S)
degrading bacteria. The preliminary experiment was set to study elimination capacity of
microorganism to degrade hydrogen cyanide and hydrogen sulfide gases. Second
experiments were set to study optimum operating parameter such as the height of
packing media, mixed-gases flow rate and empty bed retention time. After that, the
optimum efficiency of dual fixed-film bioscrubber system in long-term operation was
studied for 72 hrs. The results showed that these bacteria exhibited the efficiency of the
efficiency more than 90% gases removal. The suitable operating parameters were 16 cm
of packing media height, 204 ml/min of mixed-gases flow rate, and 132 sec of empty
bed retention time. The optimum efficiency of dual fixed-film bioscrubber were 96%
hydrogen cyanide gas removal and 98% hydrogen sulfide gas removal when gases

loading rate and gases eliminate capacity of hydrogen cyanide were 15.60 g/m3h and



15.06 g/m*h and that of hydrogen sulfide were 88.70 g/m®h, 86.85 g/m®:h, respectively.
Mass balance study found mass in more than mass out due to the microorganisms use
the mineral form by-product for growth and produced new cells, it cause to mineral
accumulation in microorganism cells. In addition, polypropylene packing media was
studied for microbial biofilm characterizations by Scanning Electron Microscopy. The
result showed the microorganism formed biofilm and attached to surfaces of packing

media and continued grows to biofilm in toxic gases condition.
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HCN = Hydrogen cyanide

CN = Cyanide ion

KCN = Potassium cyanide

H,S = Hydrogen sulfide

cm = Centimeter

m = Meter

ppm = Part per million

ppmv = Part per million by volume
mmHg = Millimeter mercury

mg/m3 = Milligram per cubic meter
mg/m3/h = Milligram per cubic meter per hour
m’/s = Cubic meter per second
m’/min = Cubic meter per minute

ml = Milliliter

L = Liter

ml/min = Milliliter per minute

g = Gram

mg = Milligram

°c = Degree celsius

min = Minute

S = Second

hrs = Hours

neg = Microgram

pmol = Micromolar

ug/m3 = Microgram per cubic meter
umol/m3 = Micromolar per cubic meter

g/mol = Gram per molar
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mV = Millivolt

kHz = Kilohertz

CFU = Colony forming unit

CFU/ml = Colony forming unit per milliliter
Sp- = Species

psi = Pound per square inch

rpm = Round per minute

AEGL = Acute Exposure Guideline Level
GC = Gas chromatography

HPLC = High performance liquid chromatography
GLR = Gas loading rate

GEC = Gas eliminate capacity

RE = Removal efficiency

% = Percentage
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Strong Metal-Cyanide Complexes of Fe

Weak and Moderately Strong

—

Total WAD* Metal-cyanide Complexes of
Cyanide Cyanide Ag, Cd, Cu, Hg, Ni and Zn
—
Free CN

| Cyanide  HCN

(*WAD = weak acid dissociable)
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Water
Free cyanide Metal-cyanide complex Cyanate, Organocyanide
HCN, CN™ Weak complex: Ag (CN),, Thiocyanate Nitriles,
CdCN , Strong complex: CNO , SCN Cyanohydrins
Fe(CN),’
Gas
Free cyanide Cyanogen halides
HCN(g) CNCl(g) CNBr(g)
Solid

Complex cyanide solid

[
Simple metal cyanide || Alkali or alkaline earth metal-
) Other metal-metal

solids metal cyanide solids K;Fe(CN)(s), : :
cyanide solids

NaCN(s), KCN(s) Fe(CN),(s), KAg(CN),(s)

el i @l Fe,[Fe(CN),],(s),

Fe,[Fe(CN),],(s)
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2.1.3 lalasiaulasenlud (Hydrogen Cyanide, HCN)
leTasnulaor Tudidlussdisznovvedlao ludi liid viedluadisou  lugl
] v
vosuoaMalazmy nalfnse1 18151 Indunu (bitter almonds) Hanuilunivgaialugl
2 I g Ao <3| 3 9 A
yoamy nazvounad lalasoulse ludiluasiszneuiiinnuilunsaaniios a1 pKa
iy 9.2 FalaTagau'lase lud (HON) waglesen lud loeou (CN) annsaulaouzileglaly

Y ds! Y] J I Aa 19 ¥ a 9
ndeaglyvednuaanuilunsaanazguugil diulvgylylunssurumsnamaule



Tuaou waradn uazlunszurumssuatu Feanuisonu 1dn2 1l lusssuwa wu Tuiniu
dlzndsriavuillso ludlugdvedlaTasnulsolud Fsaunsadluasszme’ld au
Y
laTasnuloe ludamsanatuldlunszuiumsndasiugaa1vnisy Us5umA
Y A ] & ) A d Y
nszuaumsen nd vseudnsgnaluaiuyns Wudu

%’egamasﬂﬁ wazMeNN (Environmental protection agency, 2001)

Fonoq o Tu'lulas 1alas loenlua nsauledime
gas luana HCN

Tasaadha H-C=N

Y

miin luana 27.03 n3u/Tua
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Exposure Guideline Level) AULEAL MUATTIIN 2.1
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, v e ) [2.8] [2.8] [2.2] [1.4] [1.1]
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1 duludwau (ppm) = 1.10 dadn5u / gRINAS A

11: Environmental protection agency (2001)
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lalaslaga (Hydrolysis reaction) 1/ {j N38100N 1A T (Oxidation reaction) 1 ﬁ N3813AN%TU

(Reduction reaction) HAEMIUNUN (Substitution/transfer) (Ebbs, 2004) ﬁlﬁuﬁ’ﬂﬂugﬂﬁ 2.3

Hydrolytic reactions 3
1 Cyanide hydratase
HCN + H,0 — HCONH,
Reductive reactions
Nitrile hydratase HCN + 2H* + 26— CH,=NH + H,0 — CH,=0
R-CN + H,0 -+ R-CONH, |
Cyanidase CHy=NH + 2H" + 28~ — CHy-NH + 2H" + 267 — CH, + NH;
HCN +2H,0 — HCOOH
Nitrilase
R-CN +2H,0 — R-COOH
) Chemical reactions for the biodegradation 4
of cyanide and thiocyanate
Oxidative reactions Substitutiontransfer reactions
Cyanide mcnofygertase . Cyanocalanine synthase
HCN + 0, + H* + NAD(P)H — HOCN + NAD(P)* + H,0 Cysteine + CN™ — B-cyancalanine + H,S
OAS + CN™ — B-cyanoalanine + CH,CO0™
Cyanide dioxygenase
HCN + O, + 2H*+ NAD(P)H — CO; + NH; + NAD(P)* Thiosulfate:cyanide sulfurtransfarase
CN~+ §,0,% — SCN-+ 80>

Thiocyanate biodegradation

Carbonyl pathway (thiocyanate hydrolase)
SCN™ +2H,0 — COS + NH; + OH™

Cyanate pathway (cyanase)
SCN~+3H,0 +20, = CNO™+ H8™— HS™+ 20, - 80, +H*

CNO™ + 3H* + HCO3™ = NH:* + 2CO;,

Current Opnion in Biatechnalogy

51 2.3 UfAsenTumsdesaars e ludi§azen (1) Hydrolysis reaction,

Y

(2) Oxidation reaction, (3) Reduction reaction, (4) Substitution/transfer
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oulyilungulyerlud lawmsa (Barclay, Day, Thompson, Knowles and Bailey, 2002) a11150
a ~ o’cl dﬂl

Y 3 '
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loen Tudazarei delwo luaansoazareirldalusismnnuiunsaaigs Aoanw
E = 1 o 1
funsawaszana 10 minlushiidanuiunsawafesndt 9 vz 1 lee ludegluzy
°o 9 ¥ ? sa X yo L a
yoemsszmei limsazaisiiveslae luamadulaen alunszuiumsnnesssuna
a g a 1 'Q % 4
matulden nszuaumslalas ladnde ludluitisuunninludagiiv
2) Ufisenvendadi (Oxidations reaction) Taoia lilag 1 aunidvimin
Tuniseand lad (Oxidize) @1515znon leerTudldeglugdvesnonTuifionay
msueulaoenlyd Taseulallye1 lualyTuee A3t e (cyanide monooxygenase) dx1/asu
9 1
lyon'lug 1¥eglugdveslesonun (cyanate) tazndsnintiuon laf lyenua vgvimsulaou
lyonualiogluzivewen Tudionazmiuoulasenlad avou el lssuuany 1an Ty lu

a

¢ X w o a ¢
W0UNTO ¥ Ny uazdad wunulugaun3Idnqu E coli, Pseudomonas sp., o g Bacillus

q

a =

pumilius d 500U larsd Tosen Tug T TuoenFAuud (cyanide monooxygenase) W'la lugaunsd
UIIN ’sj YRGAY Alcaligenes xylosooxidans W& Pseudomonas fluorescens. (Raybuck, 1992) N9
thiia lgen lud Taeria 1S e ldnszuaunseanBiadu (Oxidation) Tnsgaunidifiosain
ansanuguilasumouendie o Tdwnnszuiumsdu 9 wu guvigd anmilunsae
wazlSuaeendou iesnngdunien 1 Fannsoniwdulal§luanmnadeuialy

3) UfA3eT3AnFU (Reduction reaction) tiunszuumsdosaarslase ludlu
anziu1 1281019 (anacrobic condition) Taovzedoren lasiTuTasSima (nitrogenase) #4392
wu"lﬁ“luaﬁuw’% ET“]JNﬂ’q'iJ LU Rhodopseudomonas gelatinosa M0 % Klebsiella oxytoca (Dhillon
and Shivaraman., 1999) ¥41d3901n%1n1580saa1e Tasew o luTasdmaudrezilile
waasaaigatediu venTnisuaziimu Fannnszuaumsdand i ldaunsondais

= A Ax S Y =Y . A
"D”JﬂWWWﬂGUENLﬁEJ‘ﬂ3Jul‘s]fmlll‘!ﬂUlﬂiﬂﬂﬂi&ﬂ’)uﬂﬁiﬂﬂ%u (Reduction) UeILUBINNTSUIUNT
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o = Aq ¥ v =< o q ¥ o 9 ¥ '
asnaruilunszurumsildaning Fomavah ldnmsauguszuuinldenninszuiums
PONTATY (Oxidation)
{ I { o
4) NTLUIUNITUNUN (Substitution/transfer) 1 UNTZUVIUNITNTINNITHINUVOS

o a .. Y = ) . =
oulad ludae (nitrilase) uazwa-leer Tuszariusume (B—cyanoalanme synthase) 54

L4 a { 4
o lysiidr-lyen Tuezafiugumasz/asy ensisenev loen ludezartiu (cyanide alanine)

I o ' { g {
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v 9 ] = [ A A o w 4 a
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(Y] d
2.2 lalastauaalula (Hydrogen sulfide)
[ 4 { [ YY) < 4 I =Y
laTasaudalila vienidnnulaenldluzeuss nia'lalasdain (hydro sulfulic acid)
@ A a ° @ | o ! ¥ . @ I
MsNAAINTEUUNTINUIUAY (hepatic gas) NM¥NDILVI811 (stink damp) Fasnes-
4 [ 4 I 4
1a1as(sulfur hydride) 1a'laTasiauTuTugalva(dihydrogen monosulfide) la'laTasinudala
[ ] ao’ . { Y [ <
(dihydrogen sulfide) NN 032 U111 (sewer gas) Faligas Insaaiwniinnulasnalife
H-S-H (Zhang et al., 2008)
o ) SI iy 1 3 a 3 o A ']
ma'laTasuda I umen Tuna Wusivuazilunialh vl Taaundrelainii (otten
v 1 Q u 1 U
egg) 111 Tuanamn1ny 34.08 AWAU o 1ny 21.9 esrisaiFod wie 1,929 thania i
= 9 =2 A % Sldd' a = A
useasneluTuanadesdelinnuawisalumsazareir laanguigl 20 osusaiGod so
o @ o % a aa o 3,' < a @ 1 ]
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A d’d 9 < L 1 %’ dy @ J v
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Y 2 s A o B A Y o @ Y o oa s o s
1814 uoanoaod dimos NaeIa NN WUUTY UNTUMA HTuAULaza1sueu lada lvla
& [ 4 d’ d' Qld' @ v W dy a d‘ d' 1 ] a
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3 9] [ o 4 v al Aa
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[ o 4 [ [ 4 .
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1y { 3 { s o ' o s
pzAoNAIeNUEzIAe) Humailiosdlsznounan 9 eglugdueslelasoudala (H,9)
a a Y 4 a [ o
wnia wounlnu (CH,SH) lawnia sa ld (CH,),S) uaz lamwniia ladalia (CH,),S,)

. [ I a
Faunazeanilszneudiuiinnudluny (Park et al., 2002)

YoyamImenn
gos luana H,S
Tasaadn H-S-H

Umiin Tuana 34.08 n3w/Tua
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Wunsamldinnuannsalumsnansoudan la wuihldinamsnanseuluszuudune

danead1aae o ldinaaiiuveanan (Syed, Soreanu, Falletta and Beland, 2006)
H,S+26;—>  H,SO, @2.1)

a d v d
2.2.4 madanzrivinlalasuda lna
@ o a ) Y o ] = ]
TaTasmuda llaa1u1303n5129 1a910 9208191195210 N uananuviielavog
4 dy A 1 1 A ?,’ an a 4
YYBE 1He1Ee uazY09a1n101UT19N10 1FU 1B oANAZE1810 AT IUNITUATIZH

AV o

lalaswudalidnsindulasnalae M InsurInns W Iasle flame ionization (GC/FID)

U

)

I 4 o o I o o
Fwasensiaia malasulans il lasldwad Inuaiinludinsiaia (GoECD) loTola
a Y A a o
Wa3n InmnsHu (lodometric titration) N3 19¥81an IN5a11UN15A5I37A (ion-selective electrode)
dialas W Tawasn (spectrophotometric) M3 19n58A AT UAZNI IUAITATIVIA (spot
method using mercuric chloride-impregnated filter paper tape) (b @ € high performance liquid
chromatography (HPLC)
an a 4 ] 14 (Y 1 2 ) 1 %,‘
M5 uaTeH la lasuda lnd ludleg1aneaaiadey vy Tueinie 11 iag
PN @ < %) a
aznou NHenldnulasnlude 35maTasun1ans il (gas chromatography) loTe Tawasn ‘In
o a 4 I A
MU (iodometric titration) tazaitlalas InTama3n (spectrophotometric) 11189491 UITA5
A (IR} @ ] @ [l A 9 = Jas a 4
A lddgeernuinin vazimuznudleganeaunadenrallszan msaen ¥z e

£l

v ' ds! 1o A o w ! axl v dl
G]'Ji’]EJ”I\FI]8%“6Qﬂﬂﬂlﬂﬁ]1ﬂﬂﬂ]@ﬂll¢]ﬂ$?‘ﬁﬂ”liﬂ\ﬂ!ﬁﬂ\ﬂi!@niﬁ‘ﬂ 2.4
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d‘ = o Yy 9 Y] @ I'4 1 ax
M1319N 2.4 GllﬂﬂWﬂﬂﬂQWNLﬂlﬂJﬂluﬁluﬂWﬁﬁﬁ?%?ﬂll?JiﬂﬁLﬂu"lfallcl/‘lﬂsllﬂ\‘lllﬂazﬂ‘ﬁﬂ'ﬁ

Yy Y Yy v
_— ANNUYNUVUUO ANMUYNUYUYDY
IBNII P ‘
Tolasnudalialuerma | lalasoudalvialuveunad

Gas chromatography/flame ionization 10 p,g/m3 -
detector (GC/FID)
Gas chromatography/ electron capture 5-13 ug/m3 10 pg/1 (0.3 pmol/1)
detector (GC/ECD)
Spectrophotometry 0.2 ug/m3 -
Iodometric titration | pg/m’ -

Spot method using mercuric cholride-

impregnated filter paper tape 0.7 pg/m’ -

High-performance liquid - 680 - 1704 pg/1 (20-50 wmol/1)

chromatography (HPLC)

117 : United Nation Environment Program (2003)

o [ d
2.2.5 nszuaumslumsihiamalalasoudalla
= ana A J .
1) AszuIuMImaallumsnuaulnie3aend (redox reaction)
3 A A Y v ad B Ya < . .
WUATLUIUMTNNGINUMTTUBIANATOY (reduction) LLAZNT 11 01aNATBU (oxidation) Iae
I~ A 2 g ya A 2 Y
MsaueonFusuilunszuIumg IMaanasoutazmMsaIugulsnaeenduduiiums n
ad =y a =Y ~ A a v A A o ]
aranaseu Tasmandruauilsuaesndnuluilsnanmuizay nsomsmualsartazyielu
[ 4 { a 3 1
msaatlsuaveslalasnudalidnnavuld (Yu, Bishop, Galal and Mark, 1998) 14
-N352UUNT IUMTIANDINIANT 00D NF Y 1194910 TUVINATZUIUNITO 1N
= a 1 o a ] ] a [ a o
UsmaeongaulumeswesirmlinanisdooaatsTasliuldeondaudina liinania
@ o’dﬂl a a 9 1 a [ 1
leTasnuda latu maaueengnun Il luszuuszsonruaumsinamsdesaaiouny b
a Y] 4
I¥oongnunazarugulsuia laTaswuda lvd (Ochi, Kitagawa and Tanaka, 1998)
a a A d' ] ann = o'd' a da!
- maau lwasn ma@wnae lumsmivessaruguilfnsesaendimnaiunielu
1 % I'4 Y 4 3
szuuTaslildarsdsensudamos saudanvesnlsznouveodlalasmuaunarodu
s [ o s o a { i
peadsznovveena lalasiauda lid wievi1lninatlosnga (Yang, Kitagawa and Tanaka,
2005)
I
2) MIAUAUANUIUNTA AUDITE Y
1 I Y o <3 [
manruaumaNuunsaduetszuuIniseauanuiunsamalssua 9

maduTsaonleasonlad (NaOH) azsrvanlSunaeelalasnudalda Wesninazild
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inaveudenidlua1siy dawaliinamsgudinsnanyesszyy Tagmm sz UUNINEINN 91
3 .
Tszvv@eme1a dludu (Nemati, Jenneman and Voordouw, 2001)
a = o w 1 Y] 4
3) madvasailumsthiaas lunguda lua
Y A I a 1 <3 o a2 A a
- Msanazneuaanae lavy WumsayTave @y man daned dana
I 4 o a o P 1 so' ] v o
wyamila Wudu e Ivina Taneda lnlan luanunsoazareri lduas lusudrn lalasau
a  d ] J . .
nalumaslaTasoulaenlud (Nielsen, Lens, Vollertsen and Hvitved-Jacobsen, 2005)
a a s ] 4 4 _
- MIANeseand lagae 1wy lalaswuwilesesnlea (H,0,) Aaeiu (CI)
4 ' 7 7 <
el ldngnouvesanslungunlesoonluduaznan lsa
4) NTZVIUATNFINN
= I o o o A a 9 9
AT2UIUNIINFIN T uNITITa Taei 35 n1sn1asssunamun lglunis
o 9 % o ] a EL a o Y] L ]
1hiialeTasoudgalia wu msldgaunsdlumsoond lad lelasnudgalia lvogluglves

a

o o 4 1y A s A d A A o ' .
“lfﬁ!,‘l/\lﬁ L!ﬁg“lfahl‘i/\lﬂ I@ﬂ@?ﬁﬂl@uqcﬁﬂﬂi\lﬂgﬂ181uL‘ﬂfﬁaﬂl@ﬂi}ﬁu‘ﬂﬁﬂ wuiq]aumﬂshmqu E. coli,

A A

< % ' a
Enterobactor aerogenes Hudu (Randerson, 2003) G?Nﬂﬁz1J’Juﬂ1i€lf]&lﬁa1ﬁlﬁll’0ﬁ}au1/liﬂ‘ﬂ

v o

awsanlasugvedlelasnuda aduassynououiisndulasia llsziRansdes

a 4 J v W {
dao Tagyauvsoaoangualenuaaaaslugili 2.4

Addition of organic
matter, sulfates

Chemoautotrophs, 5K/
water surface, oxygen P H:S 4+ CO:4 Os  mmmmeip CH:0 + SO
available. low sulfide conc. SP+C0:40:  cmepp CH:O +SO&

|
Anaerobic, light penetrates b H,S + COy ey 5% + CHO

photoautotrophs

Anaerobic, high sulfide - H;S + CO; e CH:0 + SO~ =
concentration H:S + CO; e Organic Sulur e

51/ 2.4 msdosaaielaTasoudalidluaniiza o

nu Syed, Soreanu, Falletta and Beland (2006)
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A I

- nguyauIdiansadunzfuasld (Photoautotroph) 15U Chlorobiaciae

Waz Chromatiaciae 3993 unzgaz 1¥ndsnunnuaalumsdesaarelalasiouda lid 19718
aslunguaamed oxFmnuaziin AuaaInuaunI3 e Van Niel (Syed, Sorcanu, Falletta
and Beland, 2006)

2H,S+nCO, — MV InS+n(CH,0)+nH,0 (2.2)

g 1 a N o ’ o % Ay y

mﬂaumi%mu’ni]auﬂ EJﬁ]z‘VlWmiﬂﬁ)ﬂﬁmﬂ‘lE’Iimmu%a]lwﬂsluﬁmwwlli

a . . A A v Ao o @ v v

PONFIIU (anacrobic conditio) AZIAUNT O lUNGUUGIAIMITOTUATIZHUAS IR Iaon1T 19

@ 7 ¥ @ 7 Y a o 2 @ ¢ A Y o

Vlaiﬂilﬂucﬁavlvdmmuuﬂumimmiwmmmaz"lﬂwamﬂmwﬂu G]fﬁﬁ/\l't’]i DTN AT U AN
wanaluaunisfi 2.2 (Jensen and Webb, 1995)

a I
- nguaauISfiaTuTnsy (Chemotroph) ifuaduiB difianwennsalums
a o a [ a a Jd a A J
@@ﬂ“]fblﬂcliﬁ']'i@uuﬂﬁﬂﬁﬁ g muJuLmmwaNmLwaicﬁiumﬁmﬁmumﬂmmwamgauﬂ i
] %) Y J o 4 4 @ I < a L 1
wu MasleTasouga g maaiveulasenloa Tangmin Wudu fugaunislunguues
<
Thiobacillus, Thermothrix, Thiothrix 140 & Beggito SIRTERY (Prescott, Harley and Klien, 2003;
A d o

Postgate, 1968; Chung, Huang and Tseng, 2001) LJJ@%auﬂiﬂWWﬂﬁfJﬂfJﬁaw]l%Iﬂﬁ!ﬁ]u"]fﬁ]lWﬂ

udve Idwansasi lunquaamles wazensilszneineriaduaasluased 2.5

d’ ' @ I a S Jd
m3197i 2.5 Msdosdas la Tasuda lnalugausengu Chemoautotroph

auUnsd dlsidnasou | Miudidnason | unasmiueu | wandwma
Thiobacillus sp. S’ H,S, S,0,” 0, Co, S0O,”
Thiobacillus S’ H,S, S,0,” 0,,NO/, Co, SO,”, N,
denitrificans
Thiobacillus ¢, 8, 5,0, 0, Co, Fe'',
ferrooxidans S0,”
‘ﬁll”l : Prescott tiazAe (2003)
FeUfasenlumsdesaarslalasinudalrdveaqdun3dngy chemoautotroph
annsonaadldaaluaumsf (2.3) (Kuenen., 1975)
H,S + CO, + nutrient + S +65—>new cell + H,0 + S + SO,” (2.3)
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Trichoderma koningi Klesiella oxytoca Polyporuarcularis Schizophylum

W : Yasemin tagaasz (2010)
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* MUUA TAINTENTNYATIMNTIN ALUVN 2 (W.A. 2539)

sy A

4 3 4 @ [
- NT@ﬁﬂ’lulﬂﬂ!“ﬂﬂﬂ!ﬂ’lwuu'ﬁ@ﬂ'ﬁfi}uﬂﬁﬂﬂﬂﬁwylﬂﬁﬁﬂju'mﬂ

H [ ¢ 1 %‘ a A
(‘niN‘ﬁ 2.11 ﬂmmag;mmm"lclfm‘luﬂﬁlmmmmmﬂu

Yy Y
ANNUYNUYY

ngHINe e -
(Naan3u/ans)
UseMAAEAITUNTTUIAZDUUNINIA RITUN 8 (W.A1. 2537) 8BAAIN
A lunszriyaaduds uiaz SnugUNNAUNATOUUEIHIA WA, 2535 0.005
mstivualszanguainiimzasiedanalduazaiwdsznie
ABTNTTUNITAILIAROUUUITIA RUUN 7 (W.A. 2535) ponaIua11w 1y 0.01
Wizl aAduasuLaz S NEINUNNTUIAFOULHITIA W.A. 2535
a ' 7 Y a
m31ah 2.12 Anasguved lse lua s Taa
Yy Y
NN ANYNUY
7 4 - 7 o o 74 o
WIASTIURUMNUUNNTUT Ina wiasgiugamwindmsuiaylu laitiae

MuzDIIUaaiin MVN 2) awlsemansgnsassugyniun 135

(W.#.2535)

(1naaioy Taugega 0.1

yaansu/ans)

a o 2 a °
MTﬂii?uNﬂ@]ﬂmmq@ﬁ?ﬁﬂiﬂJ‘Ll']‘]Jiiﬂﬂﬂ'lﬁuﬂiﬂﬂﬂﬁzﬂ']ﬁﬂig‘ﬂi’N
PATINNITY ajun 332 (W.f1. 2521) aaﬂmmmﬂumziwﬁtgiy“ﬁmmgm

HAAAMNATNATTN WAL 2511

Tyiiae

I8

(el laugaga 0.2

yaansu/ans)

H { a Y d'
1]19’]5@TL!'L!T]JW‘ﬂfﬂ?]Gl“]?‘]JiIﬂﬂ&mll‘ﬂiSﬂWﬁﬂi%ﬂi’NQﬂﬁ”lﬁﬂiﬁJ NUUN 12

(W.f1. 2542)

laifao (tnataioy Tau

g3gn 0.1 Naansuw/ang

Y ' /9 3 X
s1eh 2.13 ﬂ"lllW]iﬁﬂiGU?N]‘],%EJTIIHG]GIHH"IVNQ@]?HWﬂiill

Yy Y
ANNUYNUYY

NYHME R
(Haan3u/ans)
wasgiifianlsanugamnnssuiaziaugaadmnssu awlszme
AsENTInemand malulad uazdaunadou asfud 3 (we. 2535) TyiRu 0.2
wasgninlumahralszniudmualaedidansuralszni i
883/2532 T 0.2
mmgmﬁ'wﬁqmﬁaﬁﬂﬁauﬁmuﬂﬁmﬂigmﬁﬂigwsaqqelamﬂim
UL 5 (.41, 2521) BBAAMINI T ITYAAIILIATE .. 2520 T 0.2
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2) anasg i laenTualuau
VIATTIUAUMNAUAIYTEMIAAUZNTTUNMTAUIAGONUNIIIA RUVN 25

(.. 2547) pananu lunse iy duas uIas S NHIAUMNTUNATOUUHITIA WA, 2535

1 1 I a A 1 a o {
M3199 2.14 Anesgu e lud luduauilsemenagnssumsaunadouuiana a1iuf 25

(W.7. 2547)
Yy v
ngHINe AIVNYY
Haanwnlansy)

A A 9 s A 1 @
masguguamani l9se Tesniinenisogerrs uazinyasnsssy 11

A Aqu ¢ A A A ]
wasguguammaun 15z Teyiiemsduueniionn1sog 35

DINALIAYATATTY

J
3) anasg s lualuaoiuilsznoums
nasguvanyemaluaamlsenoumsaulsemansznisaiinlne Goq

[ o d' (% 9 = v a2 Y
anuaeanslumsmawneinuazinagow (GREGEY) GITJJTJﬂJUGHVITEJ‘iJizﬂ”Iﬂ w1

m319h 2.15 masgu e lud luaaiuilsznonms

unamani
d’ = \ % J a a o
Yoa15iAN aludwawlasysinas NaanSwema 1
Jd
(ppm) ANVIANNAT (mg/m*)
'

Tasenlue Y 5

Talasoulwerlug 10 1

a d Y
2.9.2. Yoyannuiuivvedluenluaszivaina
v J A o d%l '
mmmgmmmmiﬂigﬂ@ﬂ"l%ﬂﬂl;@hgﬂ%q CN iag HCN N UAUVUUDILA
Ly = [ % dgg [-Y (d’ EX o 1 ]
a%ﬁﬂ"I‘]J‘L!ﬁ]SNﬂ'J”I?JLL@]ﬂ@]Nﬂ‘LHJ‘L!@Qﬂﬂlﬂﬂ!“ﬂ‘ﬂi‘]ﬂuﬂ"liﬂ"l‘ﬁl!ﬂﬂ"lll"lﬁiﬁ"lul%u
-anudaeaneslunisii191u OSHA PEL (the Occupation Safety and Health
Administration Permissible Exposure Limit) ACGIH TLV (the American Conference of
° I @ 1A
Government Industrial Hygienists) f1vuau1asgiulaer luanireneaiuisa lasulimu 10
A a o J 9 [ [ o
ppm ‘H’%ﬂ 11 NﬁaﬂiﬂJ/QﬂU'lﬂﬂHJﬂﬁ AIUITUNITNINIU 8 GIf’JIiN
I a @
- UN YUY VIR YU WA YW OSHA PEL (the Occupation Safety and Health

Administration Permissible Exposure Limit) ACGIH TLV (the American Conference of
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o S o [
Government Industrial Hygienists) mﬂuﬂum3@114"1%1"1uﬂﬁﬁwmﬂmmia‘lﬁ’ﬁume’fma
a o 1T a A Aa o 4
Aia 1A 4.7 ppm 150 5 HaanTu/gnANLAT NN 9 15 WIT
-aulasassrodaindenuazdeNFIndW 9 US. EPA (Environmental
o =Y J o [ %’ [ o a ) [
Protection Agency) fvuadsuna laen ludadmsuiinva 13 linu 5.2 lulasniu/aas d sy
v 3 & A 1A v Aa
dadiuan uazdadthlinu 1.0 lulnsnswaas
- International Cyanide Management Institute 3% 1) 11910 {]’@H anuleIUn lan
. P Y 9 A a o Aa A o oA 13
(Worldwide agency data; WAD) lasen'luaninnuiudy 50 adnsu/ansvisedinin aeduilu
A 1 v A v 1 A v J 1 [] KX o g
mnegluszaunlasansae un daiih uazilgdad ua luswdedadnh
- International Cyanide Management Institute 3 1) 719110 5ISJJEJQ avdgaIunlan
. ° v Y % 3 & o
(Worldwide agency data; WAD) fviualdanududuves oo lud luiimeninlssauana
nesmassoangnisuenazaoadinn lumu 0.50 Taanin/ans (0.0005%)
- United State Environmental Protection Agency : National Water Quality Criteria
for Cyanide 521)3191n oY1 11891UN2 1an (Worldwide agency data; WAD) fviualiaos
y 2 4 { [l ] a o %’ {
WNaveelsanuananeamnnanssuau q 1 lulyennszuiunsnaanazsiunuidun
1 v o 1 1 so} =) gJ/
TnaduTssnuananosf1oongurailss sy naN NATILAZN19BoUIZADIAIUAN
J ] 1 Aa A a o A I <3 ]
P nuutuved laen lud 19ia 11he 0.5 Taansw/ans vierinilu Free cyanide 1 13
a A A o A ~ 1 g = %,'
A3 0.022 Naansu/aas luganiaestin@snazilareti
(Y d
2.9.3 annasgulalasoudalila
' o @ [ 4 ] 1 Yo Y 9
aasgudmivla Tasnuda lidnnmiltsauai q lamuuaanududuves

b P H
laTasnudalidnalugivesansidorusaz lunssomalidsiinmmsieh 2.16

Mm99 2.16 Anesgu lalasoudalig

NHNLY ANy

MATFIUMITZL0ENTI01 1IN TTINURATHNTTUUBINTY 19 100 Jadniu/ans

PATINNITU (2549)

' 2 A a o ¢
llW]iﬁWuﬂ’J'Uﬂllﬂ?i‘ﬂﬁf)EJ'VIQfﬂfﬂﬁi]Wﬂiiﬁﬂuqv’lﬁﬂﬁﬂiin@ﬂh 100 UaanIN/QNUIANINAT

152MANTZNINNSNANTFITUINALAS TUNAGDY (2535) (mg/m?)
F [l
Mmruamsdudamsluiunsue1MAUed OSHA (Occupational 10 ﬁaaﬂi?u/gnmﬂﬁmm
Safety and Health Administration) (2553) (mg/m?)

o a { Aa a o 4
UszmanszningadmnssuimualSnuasiedulueinan 60 Naanin/gnuAnas

I P A ~
52118000910 153unaui il Tasimey (2535) (mg/m?)
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as [ a\ a v
ABNIIAUHUNIFIIVEY

=2 2z = av a . A = 1
ﬂ’lﬁﬁﬂ‘ﬂ’lulﬂuﬂ’lﬁﬁﬂy'l'ﬁ]fllalﬁmﬂa'EN (Experlmental Research) IWOANYINTYDYTAY

a S J

4 @ L (24 9 T a 4
leTasiou s Tuduaz laTasnuda lidluglvosme Tagldgaunsd 2 nquavgaunid
] d' 1 J a ~A J 1 d' ] 9 a o

nquiennsadesaaislalasinu lae ludnazqaunidnguidesaasTaoldszunndg-
a @ 14 v 2 = [ o Y a oa
WawluTeansuesuuug Tuaoumsanemaasaazy 3.1 Minsnaaes w Howlfiianms
o A Y a a a 4
pUBFUNAGON 0IMTMANNTZINGTA 72 WITHIVTUIFUWID (F-9) 91A15iAT0l0 8

9 Aa oA a o ia < a @
LLaZW@ﬁﬂaUﬁﬂWﬁﬁlﬂﬁ’lngl'Nﬂ18ﬂ1WLLa$ﬁ!aﬂﬁiﬁu@Laﬂ@]ﬁ@u (F-10) 1INy

malulaggsuis
yauniddovanelelasonlan lua vaunsddosaatelaTasinudalld
(Agrobacterium tumefaciens SUTS 1 110 (Acinetobacter sp. MU1_03 uag
Pseudomonas monteilii SUTS 2) Alcaligenes faecalis MU2_03)

dy a =4 K
MINNLLABI9aUNTY (Inoculation)

M3IANEIM I AL Tnre99aun3e (Microorganism growth curve)

= ¢ . e
N15A53Uaa ( Cell immobilization)

MIAUTLU

= 2
MIFANBUVY MmNy lodu

o'1uTe@n (Abiotic) I

ﬂﬁﬁﬂ‘]ﬁﬁﬂ'l’wﬁ!ﬁlﬂxﬁll

msfnylsz@nEnngagaueaszu

S
%

3.1 TUADUMIANYIITY
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s n g lumsanyvenaadluaisian 3.1

9199 3.1 asainlslumsnaaes
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Fomanil gasluana Tousiminan
p-dimethylaminobenzalrhodanine - Fisher Scientific
Silver nitrate ANO; Merck
Sodium hydroxide NaOH Merck
Potassium chromate K,CO, Merck
Methyl red C,sHsN,0, Asia Pacific Specially
Methylene blue C,H,N,SCI Merck
Ethyl alcohol 95% C,H,OH -

Boric acid H,BO, Merck

Sulfuric acid H,SO, Merck

Sodium borate Na,B,0, Merck

Sulfanilamide CHgN,0,S Merck

N-(1-naphthyl)-ethylenediamine C,H, N, Merck

Sodium nitrite NaNo, Ajax

Potassium nitrate KNO, Ajax

Sodium arsenite NaAsO, Merck

Brucine sulfate C,HyuN,,0,,S Merck

Hydrochloric acid HCI Merck

Sodium chloride NaCl Ajax

Magnesium chloride hexahydrate MgCl,-6H,0 Ajax

Sodium acetate CH,COONa-3H,0 Merck

Potassium cyanide KCN Merck

Hydrogen cyanide gas HCN Air liquid USA

Hydrogen sulfide gas H,S Singapore Oxygen Air Liquid
Pte Ltd.

Dipotassium hydrogen K,HPO, Fisher scientific

orthophosphate

Potassium dihydrogenphos/phate KH,PO, Fisher scientific

Ferrous sulfate tetrahydrate

FeSO,4H,0

Merck
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Fomanil gasluana Tousiinan

Disodium hydrogen phosphate Na,HPO, Ajax
Ammonium chloride NH,Cl Ajax

Ferric chloride hexahydrate FeCl,-6H,0 Fisher scientific
Calcium chloride CaCl, Ajax

Bacto peptone - Difco

Bacto beef extract - Difco

Bacto agar = Difco

Acetic acid CH,COOH Merck

Sodium sulfate Na,SO, Ajax

Barium chloride BaCl, Sigma

Sodium thiosulfate pentahydrate Na,S,0,5H,0 Merck

3.2 gilnsal

! 7 a v
3197 3.2 gilnsainlslumsineive

ginsal

v
IS a v 9

Fo3u, vouSHngwan

H,S gas detector

Ventis MX4 version 3.60.04, Germany

H,S gas cylinder Singapore Oxygen Air Liquid Pte Ltd.
HCN gas detector Gas Badge Pro., USA
HCN gas cylinder Air liquid USA

Gas mixing chamber

Dual fixed-film bioscrubber column

Chiang Mai university, Thailand

Peristaltic pump

Waston marlow pumps

Silicone tubing

Cole-parmer

Flow meter Cole-parmer

DO meter HACH sensION6 Dissolved oxygen meter
pH meter Consort, model C562

Shaker New Brunswick scientific

Autoclave Hirayama, model HV-25/50/85/100
Centrifuge Universal 32/Hettich

Sonicator Starsonic, model 200

Electronic balance

Metter Toledo, model AG285
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3197 3.2 gUnsain s lumsfnuive (do)

59

aunsal

] v

A 1 A aAav Y a
oY, FOUIHNANAN

Laminar flow

Holten LaminaAir, mdel 1.2

Incubator Memmert

Desiccator Kah, model OD-10
Scanning electron microscope (SEM) model 6101
Polypropylene ring Top comprosition Co.LTD

UV spectrophotometer

Thermo scientific, model Spectronic 200

Ammonia distillation unit

Foss, model Kjeltec 8100

Hot air oven

Binder

Scanning Electron Microscopy (SEM)

F1010-4

qﬁl‘l.lﬁ 3.2 Dual fixed-film bioscrubber column



gﬂﬁ 3.4 HCN gas cylinder
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gﬂﬁ 3.5 H,S gas cylinder

3 1 3.6 HCN gas detector
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gﬂﬁ 3.7 H,S gas detector

luTeaasuesuvua;

vudng-Aduy
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nngtuuuszuuilad-dayluTeansuwesuuug; 1. Malalasnulesnlud HON);
2. malaTasiuda’lig (1,8); 3. 9UnsainruguANUAY (Regulator); 4. 9ilnsaiindasins-
%a (Flow meter): 5. UMIANANAIY (Connector tank); 6. Wns-HauluToaasuesnoaui 1
(Mixed culture : Agrobacterium tumefaciens SUTS 1, Pseudomonas monteilii SUTS 2); 7. Wnet-
Wau'luTeansuioinedaus 2 (Mixed culture : Acinetobacter sp. MU1_03, Alcaligenes faecalis
MU2_03); 8. fusasasims lnavesveunan (Peristaltic pump); 9. HUAVAI1TOMIT (Media

<] o 1
tank); 10. i;mﬂumamﬁw (Gas sampling point)

A A
3.3 91113188110

a 14
3.3.1 Hu@sou 91015 (Nutrient agar)

Bacto beef extract 3 nFu
Bacto peptone 5 nFu
Bacto agar 18 nFu
hindu 1 a3

dy dy o [ a A J 1 ] 4 .
332 ?JTVH?L’GENW’O?HWTlJi]"duﬂiﬂﬂﬁqhﬂﬂﬂﬁﬁwq%ﬂﬂuﬂ (Buffer medium)

(Potivichayanon et al., 2006)

Na,PO, 4 N3y
K,HPO, 3.1 N3
Na,SO, 2.13 N3
MgCl,-6H,0 200 Haaniu
FeCl,-6H,0 2 Uaansu
CaCl, 1 Haansu

1 { ) o a d ] o J . .
3.3.3 ounseuyedmiuyauvsongudosdals la lasiouda lie (Thiosulfate media)

(Potivichayanon and Kitleartpornpairoat, 2010)

KH2PO4 2 n3u
K2HPO4 2 n3u
NH4Cl 0.4 n3u
MgCI2:6H20 0.2 n3u

FeSO4-7TH20 0.01 NIy
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hamlszneudedumnautundilsulSnes1ldla 1 das Ysumanudlunia-

A

Y Y1 1w Y x> A o L o & A
l‘]_]ﬁq@:ﬂ'lﬂﬁlwuﬂ']lﬂ']ﬂu 7 A28 1 UDIUA U3 NaOH 1199 HCl uﬂﬂu&m%%’fﬂiﬂﬂqmﬁﬂu 121

U

a A 1Y .3 =
DI UK ALBYT NAIINAU 15 psi dunan 15 un

d‘" a N d R
3.4 MSINZIa8aHN5Y (Inoculation)

a A A a A J

E4
34.1 %qaumﬂmwwLﬁﬂﬂuﬁ’mﬂgmmﬁﬁmaumﬂ Agrobacterium tumefaciens SUTS 1

Q

A I

I ' a ' J
1ag Pseudomonas monteilii SUTS 2 1flunquyaunidnianuanniolumsdesaais oo lua
= Y dal o v ¥ o a o ) (2
“lNUl@ﬁ]'lﬂﬂ'liuilﬂlﬂf’f]iﬂﬂi%ﬂ'1J‘]J'l‘]Jﬂ1HLﬁfJGUENI§\1\ﬂuQ@ﬁﬂ’iﬂiﬁuﬂaﬁllﬂ\iﬂuﬁ1ﬂ$ﬂﬁ\1

a A J
(Potivichayanon and Kitleartpornpairoat, 2010) L@ & 9Q U N T8 Acinetobacter sp. MU1_03 L1 g

a

< ' I A l
Alcaligenes faecalis MU2_03 nJuﬂqmauw%wummmmmiumiﬂaﬂﬁaw"laimmu-

Q
b4

o 4 9 v A o @ o A o« .
#a lWs Idandudueimavesszuuiaindeyuasu (Potivichayanon et al., 2006)
2 a A 1A I Y} X X .

3.42 mamzinesyaunsonauidesaais lee lud laelde1m1s@eu¥o Buffer medium
(BM) #31)sgnouais Na,HPO, 4 n3u, K,HPO, 3.1 n31, FeCl6H,0 2 A51, MgCLe+6H,0 200
a a o a a o Aa a o ) [ ' a A dA
1aaN3W, Na,S0,2.13 Haaniw, CaCl, 1 YaANTNIAY Thiosulfate media AIUTUNGUIAUNTIN
[ ] SR 9 o o [
govaaie lalasauda lWdalseneudie KH,PO, 2.0 nTu, K,HPO, 2.0 A5y, NH,C1 0.4 A5,

o o o o y % 4 quqy
MgCLe6H,0 0.2 35U, FeSO,#7H,0 0.01 n5u vhmsdsuiSuasareriinaulidla 1000
A Aaa 1 o dy dy 9 g’/ o 1 dy Y A & v dy ~
iaaans  newhensmeude llldnasuihmsaiedioniotlsainde  (autoclave) A
= I = dy a A ) Yo 1
121 esruamed 1Wunar 15 w1 Taglumsmz@eagaunsdlsonsaiuyes
a 1 dy dy A
UNTIN001MI3DEUFDAD 10 : 100 TAs1l5H1A3
a = o A
343 wnTnumadou loon lualuglvoswourainanuandy 25 ppm Ysum 1
2 4 ~ o ¥ %

10885 1Ue1M5IA0UF0 Buffer media 1@380910 KCN 2.5 n5u azateluiiinau 1,000

A A

anansdmsuraunidndesaainlalasonlyen luduaz Tm@en 15 Todama(Na,s,0,+5H,0)

fg)]

Y]

9 v 9 ¥
8 nuluihnau 1,000 waaaag 5 1 naaamiummaﬁw% Thiosulfate media @113

&’ [ [ d 1 o o ] &’ 4 X ] &’ H
iwongosaateslalasugalva nouildldaisiimsandediens ol a9 udo (autoclave) N

a = I =
QUNAN 121 oerusaded 11unal 15 win

q G

dy &‘ 1 A a 9 19 A
344 mmamwaiummgﬂwm (flask) U119 500 ml NYUNYUNDIUATIVIIN YA TON
o 4

' o ' Y j’
e (Shaker) 150 S0U/41NUALINN51A8U1MITIA8UFD (sub culture) NNFUAH

Q
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a G

a a d
3.5 MIANHINSIYALIAVEI9AUNIE (Microorganism growth curve)

Q

= a a a A d o = v o A A S 7Y
MafnyINII AL Tnvesgaunigmmsany laemsiuiiaula latigaunigaig
manamMsdusIuIalatl (Colony count technique)

A d

3.5.1 WnaunIduaazilaan flask USuas 0.1 Naddes laasluwia vial vine 2

HaaanInlasazany buffer 0.85 % NaCl 51105 0.9 aaans Fusionldan NaCl 0.85 n5u

Y v
[

azaeluingu 100 Uadaas (Rowiesazane buffer 19a15tesenlaun vial tay 11 ldan

v
=

dﬂl Y | =& ' dy a = I =\
IFOAATDIUINUYO (autoclave) NYUNYY 121 DIAUKALHY T Wuran 15

v
A v

o a - -6 o Z o w 1 { o Y
352 1/I'lﬂ1il%‘®i]Ni]ﬁuVlifJVNWiJ@iﬂﬂ 10153 10(WENiﬂﬂuu‘lﬂG]'J’E]EJNﬁTHﬂWiL%?Jﬁ]NLm'J
9 b
(Dilution) 151195 0.1 aadAT MILAIVUDINITIAYUYD Buffer medium agar U0¢ Thiosulfate
o [ a ~ o 1 a a . .
media agar @1UTUIAUNTUUADSBUA Amaiin Spread plate (Spreading plate technique)
b [
3.5.3 ﬁ1ﬂ1ugw1zg%a"lﬂuu1u§uu (incubator) NQUVIYN 30 paryaITed INITUHVTINIY
= a A j’ AAo ~ ' = o o

TﬂTaumm@.aumamﬂmuwazmawmm’miﬂiauiumq 30-300 Tﬂiauuazmmmmmu

wagd (Colony Forming Units/millilitre 130 CFU/ml) @uaun1si 3.1(1%”;617@ 3.8) MsAREN

a A o

ll ' 4 I (% a a
@‘(’J’l\?@]ﬂlﬁ@\ﬂﬂﬂ'izflzna'] 7 jul!a$ﬁ%}1\1ﬂi’W\Iﬂ’]ﬁmﬁiyl@lﬂi@ﬂlaﬁﬂauﬂiﬂ

d d . oo .
3.6 MIAIuBaa (Cell immobilization)
1 o o a ~ . . ~ I o %7’ Y
3.6.1 nouMsthaIna1anod Ins Iwau (packing media, 319 3.9) T/ 148msdsaimiinues
(% ' Qy ] Py 9 dy A Y % v [ = A A
G]'Jﬂfﬂ\‘]ﬂ@u1/;|ﬂ“]fulla&’Lﬂﬂhlﬂsluﬂ@@ﬂj'liJGIfULwaleu'lﬂuﬂallf]\‘i@’lﬂa'l\iﬂﬂﬂ']ilﬂ\‘lﬂll']ﬂ‘Vl’(,:fﬂ
A @ =< I Y o 4 ¥ @ [ = 4 [ s A =
Luf]\ﬁ]’lﬂﬁa\ﬁnﬂﬂ'ﬁ@ﬁ\u“b’ﬁﬁ@]@\jﬂ’]ﬂ’lﬁ%’\‘lﬂ’lwuﬂﬂaﬁﬂ’]ﬁ@]ﬁ%%aanﬂﬁﬂﬂ’lﬁ INOFANYINIT
a ald A g ] Y dl A d%I
1NEAAVBINANTININVINUININVDIAINAWNWNNUU

o a o o 9/ [ a 7
3.62 Unaunion Iavimsmziaes Hudr luvaagdanwasgy 3.10 Tagldgaunien

'
a a 1 A a A I

v A A I a a Y A
Lﬁ]iﬂJLﬁ‘]JIG]i‘L!’JMVI YITLRERNTRIATE SR i]au‘ﬂiﬂllﬂ?ilﬂimulﬁﬂiﬁllﬂﬂﬂfjﬂ (Log phase) 910
9 = a a a ~ J
GUi’Jllﬁﬂﬁﬁﬂ“leﬂﬂ"liﬁ]ﬁgus‘]ﬂIﬁ‘i]@ﬂi]ﬁu‘ﬂiﬂ

U

(Grow curve)

o w d'l ] &’ Y 1 dy &’ d‘l 1 &’ 9
3.6.3 WIAINANNNIUNTITNUYDAIYLTI UV Glﬁaﬂhlﬂbh!’f]11415&@8\1&%@1/]?4111?7ﬁGJﬂLGD"E)ﬂ’JfJ

a a

4 % 1 ¥ a an a 4 1 aa
1n30411991%0 (autoclave) U31105 900 Aaddans awalreaunsdnasenld 100 Hadans

o U = a d 1 g a a
(651871 10 : 100 Tavrf3uasvesgaunsdaoomisaouse) (31 3.11) Uarhdreogiition

o 1 4 @ &‘ 1 1 { a
Wooa Inuiwietosnumsdwilounazivgr 100 soudeui Ngungines

Y

a

3.6.4 5T NIINTATUTARTINITATIAOUNIT QAL Taveegaunid laomaiinnisiy

o 4 ¥ v W o < @ ' 1 4
%WHQNIﬂIﬁﬁLLa3ﬂ15"b’\1u'l°ﬁuﬂﬂ’3ﬂﬁN IﬂﬂﬂTﬁuﬂﬂWﬂﬂ‘Uﬂ’JﬂﬂNiuﬁgﬁ’N\iﬂ']ﬁﬂ?\u“ﬁaanﬂ 9
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1 dlant Wusveznaet 4 e Falsuranaunidimuzaulumnill1$luszovey

Tuw29 10™-10° TnTatl/iadans (Chung et al., 2007)

o . < o '
ANBUZUDI Packing media N 1MLV Tellerette tannsgli 3.9

AR INUAINAI¥HA Tellerette

g dIQ % U
WUNWITUHNE (Surface area)

N5 1AIUVDIYD9919 (Void ratio)

QQ

?

UYUIA

ANUAUIUUTIN (Bulk density)

—

S SRRl BB

1105 MTIUNAT/ANUIARIIAT
196 %

- WOA INS INau

£ 70 x 23 UAAIAT

- 90 N 1an5u/a131919a35 (0.008 N lansu/au)

11
b
v -
>
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4 dy a s J 1 4
517 3.11 ManzRegauns g5z n19NIIAs Uaa (Cell immobilization)

U

=)
3.7 MIRAUITUY
3.7.1 glnvuszuy
o a VoA o o v 9 g
WMmsauszIUL D YNsUABoaziinsasIvian Lt uveanasls Tasiou
s @ I a o {
lyen Tuduaz laTasonaa diluszos o sUupums@uszuunaaaagili 3.8 ssuvluToan
o 4 1 o v a 1 L4 a
SUIHUUININADHINIAIVIAANNEY 40 IUALAT IFURUGUENAN 7.4 IUAILAT
{ 9 [ o Y <3 1 a v {
3Un 3.12) dmSudwnszneinhnnuduesloaiualdlumstaneduiamou (U
[ v
3.13) shimstlousrmismaningszuu Taeldluindasins lna (Peristaltic pump) (57 3.14)

o 9 vy s o A
uazsm'ﬁmmmammmaﬂmmsmmmLmﬂﬂugﬂ‘n 3.15



d' ' ¥ v @ 4
i 3.13 E‘T’Juﬂizfﬂ'lflu'l"llﬂﬂﬂﬂﬁﬂuﬁzﬂﬂl’lﬂiﬂﬁﬂiﬂlﬂﬂﬁ
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Ui 3.14 Husasasmsina (Peristaltic pump)

1 3.15 3UuvvvessTDVTINS-

WawluTeansuwesuuugnlslums@uszuy

69



70

3.7.2 maanvmuve lula@n (Abiotic)

= a o a d’ = a a o v &
msany e luTeanduiiumadisaneilszansamlunmsmsamas laTasau

a =

lgenlug  vaz'lelasmudalidluanziszouluTeanfuwesunug bildyaunsd  Tae

Q

o 24 3/ a y @ a [
MUUAANUITNTUVBIMFNITDITIAN 2 ppm ANUFIVOIAINAN 24 IFUAIUAT BATING
(2] 4 1A a Aaa =1 [ 9 [ 4
Tvavosmalalasiaulen Tudegh 10 Taddasani das1ms IvaveanalaTasnusalia
= Aa aa A o 9 A aa =\ v [ 1A
g 68 HadANT/AT 0ATINIT IMAVEINIHTIN 68 HaaanT/AUT 5282ANNNVYBINIHOYN
(EBRT) 247 3W1il 1azons1ms liavewweurad luszuuegh 16 daaans/uni autdumsau

' ' 4 < o = 3 o ' o A
iziJiJ’aEJNGI’OLﬁENL‘]Jm’Jm 3 GH'JI?J\?Iﬂﬂuﬂ'ﬁlﬂﬂﬁaﬂﬂq\?ﬂﬂ@'ﬁqﬂﬂ 32

d‘ 3w ll = a
139N 3.3 53EJ;”,L’JaWmimuma‘c’nﬂumiﬁﬂmtmimhhﬂﬂmﬂ

WMIAN03 NAMSIHVAIBEN (¥N.)
ANUAUTUUDS HON (g) 2 ppm 0,1,2,3
ANUANTUYDY H,S () 2 ppm 0,1,2,3
lasen Tuanada 0,1,2,3
wou Tuidle-TuTasau 0,1,2,3
lwasn-TuTasou 0,1,2,3
Tulasn-lulasu 0,1,2,3
drarma 0,1,2,3
anudlunsaa 0,1,2,3
panFauazaeth 0,1,2,3

ﬁ1ﬁuﬂﬂﬂ5&1uﬂ1§ﬂﬂaﬂﬁﬁ 1

(J { T o v a
ﬂ’J"I?Jq\‘l“]J@Q@’JﬂaNﬁ‘l%M”Iﬂ‘]J 60% VBINNUFIVOINDANY ‘ﬁ’f) 24 I UALUAT

a 1

89151115 111av04 mixed gas INNY 68 Uadans Av IUIN
90151713 1MaveIveUral (MINY 16 Uaaans @0 U1

v 3 a
TLYTINNNINDY 247 0N

¢ ard o d
3.73 ﬂ]ﬁﬁﬂ‘lﬁl17]6]@?)\153‘”‘1]‘17‘]ﬂ“ﬁ-ﬂﬁﬂlﬂﬂii’)ﬁﬂiﬂ!ﬂi’)i!!ﬂﬂé

v
=

Y
Tumsaneildanududusesmalslasnulselus  uazlslasnusalia @

9
(g 1 1 I
ﬂ’;”mvﬁ'wﬁ}umm 2, SUaZgNge 15 ppm Tagnisnaasatseondu 3 ﬂii‘lﬂﬂﬂﬂﬂﬁ@ (1) M9

a =

g Y A = ' a 2] 4
‘nﬂammm@umaﬁﬂmmmmmiaiumsﬂaﬂﬁmﬂmmawyGlugﬂ;mumamwi%a;aum i}
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] 1 9 Yy 9 %) ko A A =< a A
LG Taglsanuanduvosnsnigesrian 2 ppm  (2) MIANHIWITINADINY
o o [ a a A % 14 v A ~
mmmmymmimu3$‘U‘UWﬂm—WmJ"1‘1ﬂaﬁﬂ3‘ummLmugm@mﬁmazmmmzﬁmmiz‘uu
o A o 9 g’/ a 1 4 { [
Taggudiumsulsiuanuutuue M snIaodrinse g 5 uay 15 ppm ({Ho991NNTEAL
Y 9 o ' 3 Y Y v Ao qYa Vo
ANUINIUAINaIuaNUININ TussauR linanansenuaes 19N tagssuulsean
1 4 @ 1
TIUNAWUNUYHY (National Research Council, 2002) HAZANNFIVDIAINAWITHIN 16 LAY
a = J 1% o 1 9 2 A 1 g '
24 IEUAUNT mgﬂuszﬂummqwmmﬂaNM%Ni@&ﬁ: 40-60 Gﬁmmuﬂmnqmmqwm
ANz aNd s usTUUItaNanye1na  (Kennes et al.,, 2009) wag(3) MIANYI
ﬂiz?m%m‘wqqqﬂmmiz"uuTﬂﬂcl%’am’;zﬁmmmmmizuumﬂmiﬁﬂm%ﬁu Anldaa
(4] 31.: A A @ 1A a o [
[WUTUVDIMFNITDIF AN 15 ppm HAZANNTIVOIAINANOYN 16 IFUALAT TIHTUNT

o a o A A a A
mwuawwmmaiﬁu 9 ﬂsl%}GLUﬂWimuiZ“U‘Uuﬁﬂ\‘iclu@151\‘11/] 33

H J a A o W ) o a
VﬂﬁN‘ﬁ 3.4 AMNITUABINTIAYTIUIVNTAUTEUY

NINABDI . - p MIANH
NSANYI MIANHITNIIZN R
2 Yszansnm
- i 1WD9AU ML FNVDITEUY
AR ITAVDITEUL
F2UZIAANY (FY.) 3 3 3 3 3 7
9y 9 %)
ANUUNIUVOINY (ppm) 2 5 5 15 | 15 15
ANUFIVOIAINA (H1.) 24 16 | 24 | 16 | 24 16
dn31m3 1maueama HCN (Wa./4i) 10 24 | 24 | 35 | 35 35
8031m3 lvaveames H,S (ua./Ani) 58 84 | 84 | 156 | 156 156
a3 Inaveamasau (ua./m‘ﬁ) 68 90 90 | 204 | 204 204
9913103 IMadInaaueavad (Wa./ui) 16 16 | 16 | 16 | 16 16
szoznmnnny Guii) 247 132 | 152 | 132 | 152 132

sEHNUAUIZUUIIMI IR Ndmes nddy Tassiimsasintanazingz i
anudutuvesnalaTasoulse lud uazma'leTasnuda’lva loeluaasdng uouTuile-
Tulasiou Twasn-Tulasau lulasi-lulasou sama eondauazats anudlunsad

a

a a 4 J g}/ a d v Aa z £
ﬂTSL%SﬂJL@UI@]ﬂJ@Qﬂ@UVﬁﬂ HazMINEMNTUNaNTINIMHaUAUS T UL TV EY
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=3 &’ k4
3.7.3.1 MIANBUUBDIAU

Y a ~

dy o =4 a [ o 1 J é
msnaassisiimsanuduszuuluTeaaiuesuuug Iasldqaunid aa
Aa [ [ A 3 ] A = Aa A o
Puszuuegsaeiiouiluszezinat 3 ¥1lug ieAnyIANNENINTDUDITTUY LAz AUNT S U
Y
MIMIANITNIADIFIA

A ' < @ Il = a
M1919N 3.5 “lf']ﬂl']a’lﬂ15lﬂ‘ﬂ¢]fl@ﬂTQiuﬂ15ﬁﬂB’llLﬂﬂ1ﬂT@@]ﬂ

M35 NAMSIAUAIDEN (¥N.)

ANUTUTUYBS HCN (g) 2 ppm 0,1,2,3
ANUANTUYDY H,S () 2 ppm 0,1,2,3
mansaanIavesgaunsd 0,3

lasen Tuanada 0,1,2,3
wou Tuidie-TuTasau 0,1,2,3
lwasn-TuTasou 0,1,2,3
Tulasn-lulasu 0,1,2,3
e 0,1,2,3
anudlunsaa 0,1,2,3
pandauazaeth 0,1,2,3

svuatfasalumainaaosi 2
mmqwaw‘hﬂanﬁi%’mﬁu 60% VDINNUFIVIADAUL AD 24 1BUALAT
89351013 1Mav04 mixed gas 1NN 68 aaans Av IUITN
893517157 IMAav0IV0UHal (NN 16 Haaans Av W17

v a
JLYLIANNINDY 247 BITRET

= d‘ d' 0o W o d
3.7.3.2 mafAnyunaman sz anvesszuvlumsmaamalalasoulaelua
[y d
uazlalasoudalla
dy o = a [ 4 1 Y Aa A Jd o
mynaaoiimsansuauszun luTeaasuwesuvug leoldqaunsd
@ 9y 9 & o A = A
MIIRUANUTNTUVRINY  1AZANNGIVIAINAN  INBANHINIANIZ AN ANVDY

szuvlumsmsamaleTasau s lua uazleTasaudalva
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H 1 < @ ] { o v &
ﬂ'lﬁ'l\‘i‘ﬁ 3.6 51f’]\‘1l']ﬁ1ﬂ'l§!.ﬂ‘ﬂﬂ'3@fJNGIfL!ﬂ'lﬁﬁﬂ‘}eﬂﬁ'ﬂTJgﬁl‘Wiﬂzaluﬂ'lﬁﬂ'lﬂﬂﬂ?’lﬁl@\?ﬁ%‘ﬂ‘ﬂ

WMFA05 NAMSIHUAIDEN (¥N.)

ANMAUTUUBI HON (g) 5, 15 ppm 0,1,2,3
ANUAUTUYDY H,S (g) 5, 15 ppm 0,1,2,3
mansaanTavesaunid 0,3

Taenludnama 0,1,2,3
wou Tuidie-TuTasou 0,1,2,3
lwasn-TuTasou 0,1,2,3
Tulasn-lulasu 0,1,2,3
Famla 0,1,2,3
anudunsaa 0,1,2,3
pONFIIUAZAY 0,1,2,3

d‘ o (% =2 A o v
M1319N 3.7 ﬂ1§l!ﬂ5N‘lﬂjﬂﬂElgluﬂ'liﬁﬂﬂ']ﬁﬂ’l':lgcl/ll?ill'lgisluf‘l’]ﬁf‘l’ﬁ]ﬂﬂ’lc}f"ue\?ﬁgﬂﬂ

9513 11aved mix gas (Ma./3H)

9A51M3 1viaveq

ANNFIVBININAN 5 ppm 15 ppm VO UKAI (Ha./u)
24 3. (60%) 90 204 16
16 3. (40%) 90 204 16

3.7.3.3 msfn¥Uszansnngegave sy

o A a 1 4 I @
@'I!‘Lluﬂ'lﬁﬁﬂ‘kﬂiﬂﬁlﬂ'limu5$°lJ'1JL!,°U°]J§]E]LﬁE]\‘1L°]Jui&ﬂ&’nﬁ'lu?u 72 “]5')111\1&!;@3

o 3 o i a JA o {
1/I'lﬂ1ilﬂ‘]Jﬁ'J'EJEI'NGnlIWW?WHL@@i%ﬂWWU@iU@WiWQ‘ﬁ 3.7
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H 1 o a J 1 a A
ﬂ'lﬁ'l\‘i‘ﬁ 3.8 FIIAINITATINIANITIUADIAN Glumiﬁmg1ﬂi$ﬁmquqqmmiwu

(Optimum capacity)

a J
WU

=3 U U
NFNVAIDEN (YN.)

9 9 A
ANNAUNIUUDI HCN (g) Mg ey

0,6,12, 18,24, 36,48, 72

ANV H,S (g) Mruz e

0,6,12, 18, 24, 36, 48, 72

~

a a a 4
ﬂﬁﬁ]iillu!,@]‘ﬂi@lsll@ﬂ?ﬂuﬂiﬂ

0,12, 24, 36, 48,72

Tasen Tuanad

0,6,12,18,24,36,48, 72

wou Tuile-TuTasou

0,6,12, 18,24, 36,48, 72

Twasn-TuTasu

0,6,12,18,24,36,48, 72

Tulasn-Tulasou

0,6,12, 18,24, 36,48, 72

Fala 0,6, 12, 18,24, 36, 48, 72
anudlunsaa 0,6, 12, 18, 24, 36, 48, 72
0NTFAUAT AU 0,6,12, 18,24, 36, 48, 72

ruatadelumsnaass
9 9 @
ANUVNUVUUYDINIG 15 ppm

ANUFIVDIAINAN 16 . 4. (40%)

8951013 |Mav0d mixed gas 204 Haaans/ui

99151013 1MavUIVeAUKAT 16 Haaans/ Ui

d
3.8 MSAATITHNG

a

3.8.1 mymuadiuanla latlueagaunisd (APHA, AWWA, WPCE ,1995)

. A AdAw v
mmuqaumawuﬂﬂ

CFU/ml

N

10—N

A
NI1ILADIN

{ 1 1 1 I A Aa o 1
3.8.2 m3asunleanuduTun awludwaiu (ppm) Wu ladnsuae

J 3
ANVIANIUAT (mg/m’) (Chung et al.,

2007)

anuduty (ppm) Xaluanavesasuaiiy (miol)

ANMTUYY (mg/m)) =

24.45

(3.1

(3.2)
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3.8.3 MI¢UTTINNUIANIT (Kennes et al., 2009)

Gas loading rate (GLR) [mf-h] = % (3.3)

3.8.4 ANNE T TUMTMIAAITNANEUDITZ UL (Rattanapan et al., 2009)

g Q(Cin - coup)
3.

[ - nsCow (3.4)

Gas eliminate capacity (GEC) [

m

3.8.5 UszansnnlunsmIna1suanyYedss Uy (Kennes et al., 2009)

Cin—C
Removal efficiency (RE)[%] = (C—OUt) x 100 (3.5)
in
Tag Q = BA31N5 1MAVDITITNANY (m’/h)
GEC = ANNA IO IUMTAIAAITHANEYBITSUY
(]
m3 - h
GLR = MILUITINANIANT | f |
] m3-h
\% r 15asdnaranlsluszuy (m)
v 3
T = 52821701 1 UMTNNND (sec)
Y 9 o A Y
C., = ANNAUNVUUDINIENUITS U (ppm)
) @ A
Cou = ANVAVUTUVDINIENOONINNTEUY (ppm)

o v o {
3.8.7 ﬂ']'jﬂ']ﬁuﬂﬁgﬂglga']ﬂﬂlﬂllcluﬂ']ﬁﬁﬂ]%l']ﬂ']ujmhlﬁjﬂ']ﬂﬁuﬂ'ﬁﬁ 3.7 (Kennes et al.,

2009)
\%
EBRT = — (3.7)
' Q
11 EBRT (Empty bed retention time) : BIYRLL (s) 139 U (min)
V (15nasvesdIna) : QIUIASINAS ()
@ [ 4 a ~ 3
Q (amwmi'lwammmcn) :QNVIANINAT/AUIN (m'/s)
=
130

J
2nNARAT/AUIN (m’/min)

3.8.8 ﬂ'l'iﬁ'lu'Jﬂ!ﬁlJ@ﬁﬂJ')ﬁ
[ o Yy 9 9] 1 A A 9
miﬂmamam}amamu’;mmﬂﬂ‘%mmmmmmummmmmamu@mmﬁwu

a [ 4 Y a Aaan [N ] dy = Yy a =
IUag wammmq@mﬂmmmim@ﬂgﬂimmm"lﬂu FIDWOITUNITVINNITANHIVDY Armeen,
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1 2’, a [ P o <
1Az Coleman (2008) AIANUIUTUYDITTAIAULALHAANUNNTIINTNY

A081uEAIAIgLN 3.16

HCN and H;S outlet

HCN inlet
I ¥
E- ]
H,S inlet E-‘

NH,, NO,, NO,, SO,”, CN’

5UN 3

U

3.8.8.1

N

< @ ] g a o d o [
.16 i}ﬂlﬂﬂﬁ’)flﬂ?ﬂﬁ1iﬁ\1§9{u!m$Waﬁﬂm“ﬂﬁTﬂﬂJﬂ'l'iﬁﬂ‘leﬂﬁllﬂﬁﬂ')ﬁ

° =) 4
msmumaugantavesma lalasoulyen lua (HCN)

HCN,

inlet

+0,—>NH;-N + NO,-N + NO,-N +CO, +H,0+ HCN_,, +[CN"]* (3.3)
aumsnlaninmsganiavesans

6HCN. +CN"T* (3.9)

inlet

+70, —> NH;-N + NO, -N + 2NO, -N +4CO, + H,0 +[HCN

outlet:

YRR (mass in) = UIA90N (mass out)+H(UIATLTN)
o s 1 o a o
NAUNIT 3.8) ﬂTu')mLﬂW"ISf’JQﬂ']Jﬁ%ﬂ@‘UﬂJ@QﬁWiﬁW”Iﬂ"li@ﬁ:]i]')!ﬂi"lzﬂ

Ao [HCN, ], [NH,-N1, [NO,-N], [NO, -N], [HCN,,.] ttag[CN]*

outlet

[6HCN, ] = [NH,-NJ+[NO,-N]+[2NO,-N] +[HCN,,, J+[CN ]* (3.10)

i outlet

—_ o
[CNJ* = anuutuved lsen luansaeazauluszuu

4] a o J o
ﬂ?mmmamaagﬂiﬁ-@@ﬂmmmcmazwammmqﬂﬁ'wmmmmﬂ

QX([HCNinlet ]X6) _ QX[HCNoutlet] +([NH3]*[N0_3 ]*([NO_Z]XZ)*[CNDXVW
Vin N Vi 1000XVy

(3.11)
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[HCN] = anududuveamalalasmulaser Tud (me/m’)

INH,] = anududuveaenTuie-TuTasnuluermismad (mgL)
[NO,T=anududuved lumsn-lulasnuluemswad (mgL)
[NO, 1= anududuvedlulash-TuTaswuluemsmal (megL)

[CNTT = anududuved lyen ludasdialuennsmad (mg/L)

@ {q 9K . .
v, =15masainananldluszuy (packing media, m’)
@ [94 o
Q  =sam3 Ivavesme lalasou lsenlug (ml/sec)
A = Ay ¥ I [ ]
v, =1fnaemsavaii lvadeuluszuuinldannmsinudieda
(ml/hrs)

3.8.8.2 mamuaaugantavesms lalasudalild (1,S)

Tag

+H,0 + CO, (3.12)

outlet

H,S; + 0, +CO, — 80427 +H,S
aumsn laninmsganiavesats

2H,S, ., +2.50,+CO, —> SO, +H,S

n

+H,0 + CO, (3.13)

outlet

1N PLIUA (mass in) = 120990 (mass out)+HWIATLTY)

A

o J { o a L4
NNAUNIT (3.13) MUIRNIZDIAYTENDVVBIAITNIINTATIVIUATIEH Ao

[H2Sinlel]> [H2soutlet]> SO42-
2 [H2Sinlet] = [H28011t1et]+so42— (3 . 1 4)
Yiinaveswlarn-esnueamasuaznans da gaThefmuIMg
QX ([HzSinlet]*2)  QX[HzSoutlet] [SOF 71XV
= + (3.15)

Vi Vi 1000 XV,

H,S] = anudutuvesmslalasaudalnld (mgm’)

s0,”  =anudutuvesFamaluemisvad (mg/L)
v,  =15nasananildluszuy (packing media, m’)
o 2] o 4
Q = 8a31m3 Inavesme lalasauda lWg (ml/sec)
A = Ay Y <3 @ [
\Y = Snaemnsmand lvaeuluszuunlaninmsinudieds

w

(ml/hrs)
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as a d a di =
3.9 AEMINANLHININADS UM AN
= ~ ~ = <3 o ] Aa A o o
MsanyINuaadlua1s1an 3.3-3.7 TN UAI0E19UDINITININBS NAINUANINIAIT
a d Y axy 1 v dy
IATIEHAITNITA o fase T1/id
] Yy 9 9
3.9.1 AFIIAANNIUVNUUUDINIY: gas detector
] 9 I'4 @ o %
asriannudutuveana lalasmulse luduas laTasnudalva lagdanu
Y 9 A o o ~ ' o
g uaganfmuaadaslugili 3.16 Taon13ae gas detector AUIANTIVIA TABATS

3.9.2 M33yAn Taueegaunse : colony count technique (APHA, AWWA, WPCF, 1995)

3 o 1T d A (Y a = o o a
ﬂTﬂﬂUﬂj@ﬂTQwaN%jﬂTW@@ﬂﬂ1ﬂ@ﬂﬂQTinaIW51Wﬁu1ﬂﬂﬂ15u1ﬁ3ﬂa1QWGaIW5

Yy &

~ ' A . Aa D ] 1 dy Y Y o . I

In-aulaaaluinTod sonicatorN U INAUFIHIUATH YD 13114391115 sonicate 1111721 30
dld' d' a a U 1 = = d' U Sol q'./
wiifinnud 47 Aladsnduazinudmeiisaunidivgasenandinaialuriingu (Sercu et
al., 2004) laasluarsazarsla@eounanlsa 0.85% (buffer solution) 11N151999196198619910
v 9 v
10"-10° %1113 Spread plate 11T w¥e Tl iufigaivgil 30 osrwadoe iunan 24 - 48
%7 113 g aiusuaulnlall (colony forming unit) Nogluwaa 30-300 Taladl
1 ald A a 4 Y 9 ia < 1

393 MIgenmiauImn  taznszysg laeldndosganssmisdnasouluudes
A319 (Scanning Electron Microscopy, SEM) iAuf188196Ina1aned Ins Induuazeenudio81a
A o w ] J Y Y a3 1
ohaee1e Il oenmaiendesganssmisanaso UL Ud0INI 1A

I ~ a 4

3.9.4 anuunsad: Wowsines (pH meter)

3.9.5 ONTFIUALAY: A 191AD3 (DO meter)

3.9.6 wou Tudio-1uTas9u (NH,-N) : M3 1nmsa (Titrimetric method) (APHA, AWWA,
WPCEF, 2005)

3.9.7 luasn-luTasiou (NO,-N) 35mM3UgH (Brucine method) (APHA, AWWA, WPCF,
1995)

3.9.8 Tulasn “lulasu (NO,N): 33M3a319F (Colorimetric method) (APHA, AWWA,
WPCF, 2005)

3.9.9 loren Tudnafa (CND): 35m 3 1nmnsa (Titrimetric method) (APHA, AWWA, WPCF,
1995)

3.9.10 Famla (SO,”): MIIAAMNYY (Turbidimetric method) (APHA, AWWA, WPCF,
2005)

[ ] ~AQq a S Y A =) 1 a J

aegni ldlumsinszd ldnnveanadi Inafeusgmeluszunun Taensins g

9 9 =\ I'd 4 9 [ Y] as
anuutuvoaon Tudie Tumin Tulasn loer luaasdranazsama aaanadsag
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a L : a @ 1 1 1 o a s H
AUATIZH U MARUIN N “?Nﬂﬁ’)tﬂﬁgﬂGl’)f)ﬂN’d’J‘Llclﬁ‘QJJ%S“I/Hﬂﬁ’JLﬂﬂSﬁ“m 3 A9 ﬂﬂli}uﬂﬁ

v o Jd a A IR o a d ¥ o A
HUNUIULLAATAUNTIBININITAUATIEN 1 AT aataaslunsen 3.8

Y a Jd o ]
ﬂ'lﬁ'l\‘i‘ﬁ 3.9 NMIAUATITHAIDY

o - . » | UFnass
MNN0S 3nasnly (ua.) NI
(Na.)
wou Tuile-TuTasou 100 3 300
Twasn-TuTasu 5 3 15
I'd
Tulasn ~TuTasu 50 3 150
4 Y
Tosen'ludnadia 5 3 15
Faa 100 3 300
a ¥ a v <
20nAFIIUATAN AIIZHINAUNV 301413 3 -
anudlunsaa ATIZHNINBUAV 1501413 3 -
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laTasudalugd (Acinetobacter sp. MU1_03 U8 Alcaligenes faecalis MU2_03 ) aAfa3910 1.40

a

x 10° CFU/ml 13 1 8.60 x 10" CFU/ml (0135199 4.8) agiiu'ld11aaunidnanu1ldun

q

Agrobacterium tumefaciens SUTS 1, Pseudomonas monteilii SUTS 2, Acinetobacter sp. MU1_03
uag Alcaligenes faecalis MU2_03 aansamuilszansaimlunismsamavesszuu ldimae

: o w & 1 a a d 1
ﬂigiﬂﬂl%}@ﬂﬁ% 70 él?ﬂﬂ'ﬂllfﬁlﬂﬁfﬂuﬂ15ﬂ1§]ﬂﬂ1°]ﬂl§]ﬁ$G])"L!ﬂﬂli’)ﬂ%qﬁuﬂdﬁﬂll@]ﬁgﬂQNiWﬁﬂ'JﬁJ
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= g A = A = A a
ﬂ'lﬁﬁﬂ‘lsl'lslluglﬂuh_lﬂ@ﬂ13ﬁﬂ1&l'ILW@W']ﬁﬂ']'JgVHﬁ?J']gﬁllﬂlf)\‘]ﬁ%‘ﬂ‘ﬂ Llagﬂﬁzﬁﬂ‘ﬁﬂ'lwg\?q@sllﬂﬂ

ssuuilng-ndululeaasuies

A13197 4.7 naan N laanniseendesaatslalasnu laelud uazlalasnusalua

J = dy Y
TFENIWNMIANYUUDIAU

% Y % %
ANNUYNVUUD AINNLUVNUYHUD
igﬂg (<% Y (43 a o d v I
MBVIIZVY MBININIZVY HAANNIINNITYDEAREUNIY (mg/l)
nm (ppm) (Inlet) (ppm) (Outlet)
(¥3.) ) ; ,. | Residual
HCN H,S HCN H,S NH,-N | NO,-N | NO,-N | SO, )
CN
0 2.00 2.00 0.00 0.00 0.00 0.10 0.00
1 ND (0.01)* | ND (0.01)* 0.91 2.10 0.11 10.19 2.20
2.00 2.00
2 ND (0.01)* | ND (0.01)* 1.10 2.70 0.15 11.15 2.20
3 ND (0.01)* | ND (0.01)* 1.88 3.40 0.13 11.62 2.20
DAY ND (0.01)* | ND (0.01)* 1.30 2.73 0.13 11.00 | 2.20

o o . i N
* AMUTNVUNIBAIN I detection limit VOUATBIATIIIA A0 0.01 ppm (ND; Not detected)

¥

M3 4.8 ‘]Ji$’a‘1/1%ﬂﬂ/\lﬂ1‘iﬁ1§’@%’ENig‘U‘U‘iz’I’i’jNﬂﬁﬁﬂ}ﬂLﬁ@\Wg]}u

sz % HCN M H1,S
DO
m GLR GEC RE GLR GEC RE pH
(mg/l)
(hrs.) (mg/m3-h) (mg/ms-h) (%) (mg/m3-h) (mg/ms-h) (%)
0 0.00 0.00 0.00 0.00 6.50 6.90
1 0.41 >99.99 3.94 >99.99 6.30 6.40
0.46 3.97
2 0.41 >99.99 3.94 >99.99 6.20 6.40
3 0.41 >99.99 3.94 >99.99 6.30 6.40
DAY 0.41 >99.99 3.94 >99.99 6.30 6.40
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FHAYVOIYAUNIE UHITUY UITUY

(CFU/ml) (CFU/ml)

1 A A

NQuUYAUNIENgosaa1y HCN
(Agrobacterium tumefaciens SUTS 1 118 8.90 x 10 8.40 x 10

Pseudomonas monteilii SUTS 2)

[ a A S
NANIAUNTINYDYTAAY H,S

(Acinetobacter sp. MU1 03 Uag Alcaligenes 1.40 x 10° 8.60 x 10

faecalis MU2_03)

A a a g @ [ ] (24 J
iesvngaunidiluiedendnvesnisdesaaronia lalasoulaerlua uay
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lalasnudaliadaoszuuilng-iduluTeansuwesuuug lumsanyuiesduiainigdy
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& ) Y v a o &Y 2}, a A dy o Y
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{ [l a o R 1 K I
(by-product) 7 Ida1nmsdesaats Tavaaunsdianuaudunmuiu lidedu weyTudle-

o X I a o < {
TuTasou Twasn-TuTaswu waz lulasn-Tulasou Failundasaal (by-product) i 1aa1n
' o s 9 2 a o oA '
msgegaatenialalasnu lyenlug (Ebbs, 2004) uazdamaguilunaasumin lannnisdos
9] % 4 =1 [ a A
818 (by-product) malaTasnuda lula (Prescott et al., 2003) Tuvaizi@eInulsed@nininns
o w (2 (=Y A a 49! ] [ A~ a a A d 9
M99 (RE) Mavosszuununilszaninmgaimsunuidolmsaugauniddn T lusz vy
o { a [ P 1 [ I
avlugif 48 91nn1sAnbIHAAN WA N 1ADINN15808T a1 (by-product) WU 1Fa Wil
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panduniaNududugaigaiiosnianududumnumale lasouda lialionsinise
D) "o R ) g =
rhszuugannme lalasou s Tusgauaasldimusanunniuaeumsany iy

o' luTofn (abiotic)
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—— RE Hydrogen cyanide (abiotic) ~— Z: - RE Hydrogen sulfide (abiotic)
RE Hydrogen cyanide (biotic) ~ —<— RE Hydrogen sulfide (biotic)

31 4.8 se@nTammsmiiavedszuy (RE) serdnmsany e luTean (abiotic)

uazluTean (biotic)
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a J ' i o & a a a J- '
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4.4.1 MIANHUNDMIANIZTNMHINZANVDITZUY

o A = A Yy 9 I ¥ A & A

AUNUNTANE TASINUANMA NV UVDINENIA DIV LAY 5 Az 15 ppm iUDIN
< Y Y A ' A o Y Aa v .
Buanududundanansznuasszuuniaauniela uazeram e ia ld (National

[ (2 1T o Aa Aaa @
Research Council, 2002) F9131913 1MAVDIMHFIINNINY 90 1Az 204 Uaaans/HN uazulseu
(% U a [ o a
ANUFIVOIAINAWITEHIN 16 IBUAUANT Govaz 40 VOIANUFINDAUU) LA 24 IFUANAT (
9 A A A o w ~ = )
39808 60 VDIANUFIADANU) MUUANITINADINTIAY (AN 3.3) LAZANHIANUTNTY
4 4 a
voauou Tudle-TuTasmu Tuwin-TuTaswu Tulasi-TuTasnu lser ludasdie Usuim
o A a X A s a < A ¥
FaaNNATUINNITODNT lAF NI FNIT0IFHA AN UATAUT LazpoNTRUAZA1YU
é = =Y 1 dy
Fawamsanu1Uadae Ll
% % [
4.4.1.1 ANNYNYUVYDINY 5 ppm
1) mmqwmﬁ’aﬂma 16 LHUAINAT

= A E ) 9 1 A A [
ANNTANHINATDUNANUVUUVUUDINIFUAASYUAN 5 ppm ’E)ﬁiWﬂTi]l‘Vi?I

a A

4 a @ 1w a v
VOINIWITIV 90 uaaam/mﬁ Iﬂﬂﬂ??ﬂgﬁﬂl@ﬂ@’)ﬂﬁNLﬂWﬂ‘U 16 LBUALNAT TEUZIAINNNVUDN

1A a A A 3 & 1 = a [ S 9 [l
JTUVBYN 132 IUMN PusTUURusToznal 3 ¥ Tu9 WU’J"I?J??J"I’L]‘!Wa@]ﬂﬂl“ﬂﬂllﬂfmﬂﬂ1§ﬂf]ﬂ

9 =

2] ' a A @ g = a a o oA
amﬂmmmawu@nmmﬁuﬂlumaElmﬁuaﬂmuﬂ-‘luimmu 2.20 4aansu/ansg

a o a

Twasn-TuTasou 3.60 Haansu/aas 1ulasn-1ulasau 0.1 Haansu/ans sama 26.4

a o a

a 4 { 1T o a a o A A
UaansIu/ang Lmz"lmm"luﬂmﬁ}maﬁmmﬂu 2.20 HaaNITN/ANT (151N 4.10) NAIINNITNIT

Y a [ J

] a ~ P 1 a ?;I I
ﬂaaﬁmﬂﬂafgaumﬂ@wa@ﬂmmﬁ’mwaiﬁmaaﬂmauazaWumﬂmmﬂ 6.50 1311 6.20
Aa a o a 4 a ~ a ~ 4 [ (4] ] a
UAANITN/ANT u,ﬁaamﬂmi@aum dl¥ponsunazarsluszuuiisgosaalonsuaazyiia
1 <3 < ~ A Aaan
(Ebbs, 2004) uagf1n M unIaAua anada1n 6.90 10U 6.40 (15199 4.11) Lummﬂﬂgﬂim
a o a A J o 9 a (4] J o d' Y
@aﬂm@%uTﬂagauﬂiamwiwm@ﬂwmiuau”lﬂaaﬂ"lcmmaazawiummmanﬂﬂ
4 a @ 1 = wa < 1
assgnounsamsuoin (H,CO,) T@amiﬂizﬂﬁmmﬂannﬂmauumﬂuﬂimaﬂaau (Syed,
] a L~ 4
Soreanu, Falletta and Beland, 2006) szramaauszuunume lalasoulser ludoonain

=\ 9 9 [ 9 @ = 9 9
FEUVUANWVNUVUININY 0.10 ppm uazmc]f"laimmwﬁa‘IV\lmmmmmuaaﬂmﬂizu1J

v o 4 1A

M1 0.20 ppm M1 UszanTanlumsiidana lalasnulye ludediiosas 98 uaz

b
s Jd a A

v 1A ) v o 4 J
lTaTasnudaldogiiosas 96 dmSusurvimadgaunidlunguidovaars

q

loTasudalidanasnin 1.13 x 10° CFU/MmI 1i15.80 x 10’ CFU/mI e191i1999109aUNSE

[

° ' ' v o W A 2 [ a o 4
maseglurrelSudnumsmuiuvesnnusuduvoama (eaa 19lu, 2553) nagiiiosnin

A ad 1 A

o o ) o Ao g A
ﬂaauummfgaumﬂﬂqumaﬂﬁammqf”laimmu”lcmﬂumﬂuﬂ@auumﬂwﬂwmﬁawu@

'
a ~ A J A

4 H 1 o v & g‘/ a v 1 a 1
waoudgszuumh ldgaunsdIdsumaniaesrtiaguanaieainyaunidnquigosaais

De o

laTasnudaldanmuauaini.32 x 10° CFU/mI 1511 2.32 x 10° CFU/ml (135199 4.12) 919
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A o S 1 o w A 4 o q ¥ v A ' 1
Lummﬂﬂw"laiﬂmuulmm"luﬂmualmygﬂ‘m‘umnﬂaauuummﬂwmauuﬂﬁmmualﬁm

A J {1 =

umelalasnudalvasailugdunidnquitdosaaismaslalasnuda lvavainliyaunsd

q q

msodsuildluaniizainan

M19197 4.10 vaas N 1dnmsgesaatemalalasou loerlud uazlelasnusalug 7

2] o a
ﬂ’J'IﬂJLGﬁ}ll"’ITu"’IJ@QﬂWB 5 ppm LASANNFIVDIAINAN 16 [FUALNAT

) Y] Y % [
ANMNUNVYUUDI ANNUYNUYHUDINY
wvelv a o d
IvHY ﬁ']mﬁfj’ﬁg‘u‘u (ppm) 99NVINITUY (ppm) Nﬁﬂﬂm“n%]ﬂmiﬁiﬂﬂﬁmﬂﬁ]"ﬂ (mg/l)
3m (Inlet) (Outlet)
(¥N.) NH,- | NO,- | NO,- ,. | Residual
HCN H,S HCN H,S SO, )
N N N CN
0 5.00 5.00 0.00 0.00 0.00 0.1 0.00
1 0.10 0.20 1.60 3.60 0.05 | 25.52 4.40
2 5.00 5.00 0.10 0.20 230 | 3.10 | 0.09 | 27.52 2.20
3 0.10 0.20 2.60 4.10 0.14 | 26.17 0.00
maﬂ 0.10 0.20 2.20 3.60 0.1 26.4 2.20

3 o @ A o v o A
ﬂ”li]x‘lﬁ 4.11 @Gl‘ﬂflﬁ$ﬂ1‘;]51/IL5171‘§$1J‘]JLm85ﬂ’313J?ﬂll1561Uﬂ15ﬂ1ﬂ@ﬂ1°ﬁﬂ]@\153‘ﬂ‘ﬂ‘ﬂﬂ'NiJLGlQJ}iJGlﬂJ}u

) @ a
VDINIY 5 ppm HASANNFIVDIAINAN 16 LEUALNAT

522 % HCN M H,S
DO
1an GLR GEC RE GLR GEC RE pH
(mg/1)
(hr.) (mg/m3-h) (mg/ms-h) (%) (mg/ms-h) (mg/ms-h) (%)
0 0.00 0.00 0.00 0.00 6.50 6.90
1 3.25 98.00 15.47 96.00 6.20 6.30
2 361 3.40 98.00 15.80 15.47 96.00 6.20 6.40
3 3.54 98.00 15.47 96.00 6.20 6.40
Ay 3.40 98.00 15.47 96.00 6.20 6.40
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¥ o Jd a Al o a (4
ﬂ151\1ﬁ 4.12 NUIULEAAIAUNITINDU LUASHAINITIAUTSUY ﬂ']'liJLGlgl}iJélgllulefJ\‘]ﬂ'l"lf 5 ppm LA

ANUGIVDIAINAI 16 HUAINAT

R L TuadowAY | uIuadnauAY
TUAVDIVAUNTEY
3¢UY (CFU/ml) 311 (CFU/ml)
nquAuIS iNdestas HON
(Agrobacterium tumefaciens SUTS 1 118 1.13 % 10° 5.80 x 10’
Pseudomonas monteilii SUTS 2)
nqudNIS fndesdaty H,S
(Acinetobacter sp. MU1_ 0348 Alcaligenes 1.32 x 10° 2.32x 10°
faecalis MU2_03)

2) ﬂ?1ﬂgﬁ%@ﬁﬁ?ﬂﬁﬁ 24 I UAIAT

! %, A X g a ' Y 9
Lﬁ@ﬂﬂ?ﬂq@ﬂl@QG]'JﬂQ'NL‘WiJGﬁHLﬂu 24 FUUUATWUINANUUNUVUHUD

9
v A A

a [ P Y 1 (9 g’; a = = Yy 9
NAANDINN 1AINNTI08aa1eMENIa 0N Aot AD uon Tudle- 11 Tasu Wty 2.05
Aa A [ a A Aa o a 4 a a o a
Haansu/aas Tuwain-luTaswu 4.00 Saansu/aas lu'lasi-lulasou 0.16 Haansu/ans

[ a a o a 4 9 A 1T @ Aa a o a {
Faa 17.90 yaansu/ansg LLEWUlcl)'fl'lhlu@ﬂﬁﬂ']\uelgljhelgl}ulﬂaEJL‘V]'Iﬂ“]J 5.13 yaansu/ang (Gni'l\ﬁ’/:]

Yy Aa

a aan a J a o 4 v v ' v
4.13) Waﬂ1ﬂﬂ1ilﬂ@ﬂ§]ﬂ‘ifﬂ’ﬂaﬂ“])’hlﬂclfjﬂilﬂau%d‘ifjulﬂWaG]ﬂm"lflmﬂﬂﬁﬂﬂﬂﬁﬁWﬂ@dﬂﬁnﬁdNa

a o a 1

1 a 2 < I a 3
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I A A A wa o A 1 9

anad91n 6.9 1111 6.5 (M3 1N 4.14) Lu@ﬁmﬂﬁﬁﬂigﬁﬂEI’IJﬂilﬂmﬁuﬂmﬂuﬂﬁﬂﬂﬂﬂﬂﬁTmHLﬁ’J
1 a ] (%) 5 a @ 1
igﬁ’JNlﬂuigﬂ‘UthW1Jﬂ’3111L‘ﬁjiﬁﬁjuﬂl@\?ﬂ”l“lfﬂ\‘]ff@\‘l“lfuﬂﬂ@ﬂﬁ]Wﬂi%UUﬂlm%Laﬂ’JﬂuWU’ﬂ

a a Y T A A A X 9 o Y Aa a o w ) o A
ﬂqﬁuﬂ5ﬂﬂ3ﬁﬂﬁﬂ@NNﬂﬁﬂJ1mlWNsﬂuﬂjﬂ ‘1/]Tslﬁﬂﬁgﬁcﬂ‘ﬁﬂqwﬂ’]ﬁﬂ?ﬁ]ﬂiugﬂﬂl@\‘iﬂ']“ﬂﬂqa@\i%u{ﬂ

=)

] ' ° A f ~CECY 1 4 )
MTﬂﬂ?T%}i’)ﬂﬁz 99.99 ﬁ?ﬂﬁ]?ﬂ?“t“ﬁﬁﬁﬂﬁuﬂ ETWU’NLWJJ"UHVN’LT@Qﬂ@u@ﬁ]Lﬁﬂﬂﬁﬂﬂ@@ﬁTﬂTiZ
@ A A A v @ o q ¥ v & A X
61]@\1ﬂ"IG]ﬁ/laﬂaﬂlu@\iﬂ"lﬂﬂ"ﬁlWNﬂ’ﬂﬂJq@ﬂl@ﬂﬂ@allu m“lmxaznmmmmwmu (Kennes and

. a A g a A A A IR o 9 @ 1
Veiga, 2001) 910 132 ANl 152 3un ﬁ;aumﬂmmmmﬂsu”l@“luﬁmaz@man Tﬂﬂ

v
1 =3

' Aa ~ ' & I o 4 2 7
‘W‘]J:]”Ii]a1!‘Vlif]ﬂall‘ﬂEJ@flﬁa”Iflﬂ]glfllaiﬂilﬁ]u"l“]fﬂ]lluﬂ‘lﬁ]"lu:]ulwu“lllﬁnﬂ 8.40 x 10" CFU/ml

Q

I 8 a A 1 A Y] /A o A dg@l
11 1.20 x 10" CFU/ml Llﬁ$i]’du‘ﬂiﬂﬂ’c;lll‘ﬂEJ’EJfJﬁa”IEJ]l?IIﬂiﬁlu"])’ﬁ]lV\lﬂNﬁ]”lu'lul,‘l/‘lllélli‘li]”lﬂ 8.69 x

7 I 7 A Y < 1 v & A o
10 CFU/ml HJH 9.60 x 10" CFU/ml (115190 4.15) Lmﬂﬂwmum‘izElznmﬂﬂm‘}mmmgﬁmm

=~

a 4 o v a a a A o I
Gl,“rﬁi}i].auﬂ Elffnlﬂiﬂfﬂ’i]@ﬂ1°ﬁWHlLﬁ$Lﬁ]iﬂJﬂW]ﬂI§lulﬁja LL’ﬁ$ﬂ1§'LWNﬂ’ﬂﬂgﬁﬂmﬂ@]’)ﬂﬁNLﬂuﬂﬁ'
A dy A o @ dy I A o Jd Aa A ok 1 Y (aaa
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M990 4.13 paasuan 1dnmsgesaatemalalasou loer lud uazlelasnusalug 7

2] o a
ﬂ’J'IﬂJLGﬁ}ll"’ITu"’IJ@QﬂWH 5 ppm LASANNGIVDIAINAN 24 [FUALNAT

Yy v Yy vy (<4
ANNUVNVUUDY ANNLUVNVUUDINY
a o d U v
%8 | MaVISTUY (ppm) | 0ONDINIZVY (ppm) | NOANMUNIINMITEEAAIENY (mg/l)
3 (Inlet) (Outlet)
(hr) NH,- | NO,- | NO,- , | Residual
HCN H,S HCN H,S SO, )
N N N CN
0 0.00 0.00 0.00 | 0.00 | 0.00 | 0.01 0.00
1 ND (0.01)* ND (0.01)* 1.92 370 | 0.17 | 11.38 8.80
2 5.00 5.00 ND (0.01)* ND (0.01)* 2.05 4.00 | 0.19 | 20.13 4.40
3 ND (0.01)* ND (0.01)* 2.18 4.20 0.13 | 22.18 2.20
maﬂ ND (0.01)* ND (0.01)* 2.05 4.00 0.16 17.90 5.13

T A S . y & o
* AMUANTUN AN detection limit VBUATOINTIVIA 7B 0.01 ppm (ND; Not detected)

4 o ) 1 o w o A
ﬂ”lﬁ]x‘iﬁ 4.14 6@]51ﬂ15$ﬂ1“]5ﬁl619l}1‘§$ﬂﬂ LL@%ﬂ’JHJ’ﬁHJTii‘IGI,‘L!ﬂ1iﬂ1i]@ﬂ1‘;]5"116\1‘i$1jﬂ1/lﬂ’311]

2] @ a
LGISJ}‘JJSIT‘H‘U@QﬂT"B 5 ppm HAZANNFIVINAINAN 24 LHFUALNAT

STy M HCN M H,S
DO
M , GEC RE GLR GEC RE pH
GLR (mg/m-h) , , . (mg/1)
(hr.) (mg/mh) (%) (mg/m™h) | (mg/m"h) (%)
0 0.00 0.00 0.00 0.00 6.50 | 6.90
1 2.80 =99.99 13.45 9999 | 6.40 | 6.60
2 2.83 2.80 >99.99 13.51 13.46 29999 | 620 | 6.50
3 2.80 =99.99 13.43 9999 | 620 | 6.50
naY 2.80 299.99 13.44 29999 | 630 | 6.50
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=

y I3 J a o 1% a { ]
ﬂ'l'i]ﬁ‘ﬁ 4.15 NUIULEAAYAUNTINDOU LASHAINITIAUTSUY ﬁﬂ')'liJlslgljiJélslju‘?U@\‘]ﬂ'l“ﬁ 5 ppm Liag

ANUGIVDIAINAIN 24 HUAINAT

OUTaANWAY | MIMTAATEI

=

yiiavesgaunsd R
52UV (CFU/ml) | 1@uszuy (CFU/ml)

a I

NRuYAUNTINGoTA1s HCN
(Agrobacterium tumefaciens SUTS 1 Liag 8.40 x 10 1.20 x 10°

Pseudomonas monteilii SUTS 2)

' a A A
NauIaUNIINYLYda1Y H,S

(Acinetobacter sp. MU1_03 1L8e Alcaligenes 8.69 x 10 9.60 x 10’

Sfaecalis MU2_03)

<3 Y Yy 9 (9 1 A A 1% 4
wrulananududureimauaaz sian 5 ppm 1AZANNFIVOIADAN
A o I A v I 4
16 ¥ UAINAT OATINITLOIFNIVITLUY (GLR) vodn 1w lalasmulserludanay
@ s 1A A Aa o 4 ] v a =1
leTasauaa lvidodi 3.61 uaz 15.80 Ha@niu/gnUIRNNAT-57 119 5282AINMAY 132 3111
A A v ¢ & A 3 o o A Y
uag eruaNugvesaeauil 1u 24 iudwasiumsansaiiniseMaiii1szuy (GLR)
4 @ o ] 1w A Aa o 4 ]
TaglaTasoulse luanaz laTasnuaa ldatianniny 2.83 Taansu/gnuisnwas 4219
A a o 4 < o o v A 3 I Aa ~
uag 13.51 Haaniu/gnuIAnuas-42 Tuamuday szeznamnninuiuiwiu 152 i uay
o 5] ) ~ v 3 A4 X Y a A
INOATINTZVOINMFINITLUY (GLR) Mimiz autagszeznainnmnuimuiusi lngaunsd
[ (4] g’/ a o a (Y] d’d’ 1 rL 1 I~
INI0ERIAAIMENITDIFHA tazihwaasumngosaals la 1 1¥lumsadasaa vy laa
a a o w { [ Y] J g‘; [ ] ] I
Tag sz @NTnINn1TiIIAv095z UUNTZAUANUGIVEIADA NN 2 52A1 luanaenuwIn
] ~ A A o w v Y ] a =
gazdinavlszansninlunisdida RE)Idaaauasr Tudusnuoanisauszuulasl
a a 1 ] [ 4
Uszaninmganinniiiosas 99.99 wag linuamduduvesnsNoonanszuy 019
A ~ ) 9 < ) Y Y Ay = o
itioannnnududuveIny 5 ppm iuszauanududun ligannszuuisamnsosoiy
Yy 9 [ 1 Y~
anuuduaIna’lda
% 9 [
4.4.1.2 ANNVNYUVDINY 15 ppm
1) ANUFIVBIAINAN 16 1uANAT (5080 40)
A A ) o < o
HRNNANUTNTUYDINIIN 5 ppm 41U 15 ppm 1A8EATINT 1Havea
4 A aa o Y [ a a I
A3 204 Haaans/undl tazMUUAANUGIVEIRINAININY 16 IsuAas WioAmiluioe
[ 4 v < 1A a a I &
a2 40 ¥0IANNGINOANY TzaZAINIAVBEN 132 IndAuszuiluszezinal 3 $2Tue ms
A Yy 9 o < A ) Yo a A \ A A o
myanududuvesmaumanuasasduldnugaunislunsdesaais Taalomeuny

a A J

] { 1 a [ s a 1
ﬂ’JHJLGi’IliJGISJ}uéll@QﬂFBﬁ 5 ppm W‘U’ﬂﬂ’JWNLGISJ}WISJJMEUENWaﬁﬂm“ﬂﬁlﬂﬂmﬂﬂﬁﬂ@ﬂﬁﬁ?ﬁlﬂlﬂﬂ%auﬂiEl

q
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= 9 9 da{ A = a A [ a
ummlfuuGuu’gwuﬂmmﬂmua—‘luimmu 330 Uaansu/aag ”lumw—"luimmu 5.40

A a o a 4 Aa Aa o a o A Aa o a
aansw/aas Tulasi-luTasiou 0.18 Hadnsu/@aas Fawla 29.60 Tadniu/aas uazaiw
{ 1 4 | [ - A Aa o a {
sudunogluglveslae luansmadudumasminy 6.60 faaniu/aas (13190 4.16) 910
a Y a A d o Y a % = I A a o
mM3eend lasmayvesgaunsdinliaieondnuazaiei mavananin 6.7 11u 6.4 Jaansu/
a a o o g a3 3 9 ' = =
dns naznnraasusindluaisilszneviidlunsadndesmnnuilunsawd 5saaaein 6.9
< = : a Y 9 o s
W 6.3 (15190 4.17) szraamsauszvunuaNududuvesns laTasu laer ludneen
9 9 o o 7 =
910321V 0.10 ppm tazANNW NI Uv0IN1s 1 Tasnuda lianoonv1nszu 0.20 ppm &4

v
=

N

4

Uszansamlumamsamalalasau o ludedn Sosaz 99.33 naz'lalasnudalvde

9 o v a A 1o s oA A Y 9
3980 98.44 fTﬁ/ii‘]Ji]ﬁu‘ﬂi‘c’J‘W‘]J’Jﬁ]?ﬂ’JUWﬁﬁﬁﬂﬁQVNE‘TENﬂQMluflﬂﬁ]1ﬂﬂ1iLWNﬂ31NLﬂJﬂJﬂl

(43

U

[ I A [ a A ok o w o 1 a [ Yo 4
ﬂl@ﬂﬂ1cﬁlﬂuﬂ1il‘wllﬂ@]ﬁWﬂ'ﬁ%ﬂJ@\?i}au‘Vﬁﬂiuﬂ'lﬁﬂﬁ]ﬂﬂﬁ]ﬂl@]ﬁ?ﬁuﬂ ﬁmaclwmu’mmaa

a QA VoA 4 7 <
yaunidanaslaonguigosaatslalasou e luaanasain 5.80 x 10° CFU/MmI Ty 2.90 x

7 o U A dA l,rl I @ ]lw 4 8 ‘]dJ
10" CFU/ml HAZNANIAUNITINYDYIA QY LT LATAUGA INAAAAIIN 2.32 x 10 CFU/ml 11U

Q

1.70 x 10° CFU/ml (715199 4.18)

M99 4.16 Haas TN laanmsgosdarenis lalasoulselus uazlalasmudalia 0

(2] @ a
ﬂ'JWJL"%J‘IT‘lJ‘IJ@QﬂT"”]f 15 ppm UAZANUFIVOIAINAN 16 LFUANAT

2 9 99 Y 9 [
ANUAUNVUVDINY | ANMUNUYUVDINGY
welw a o J ' )
e 91T (ppm) P0NNIZUY (ppm) | HWANAUNIINNTIBITAIINIY (WD/Q)
A9 (Inlet) (Outlet)

(¥u.) NH;- | NO;- | NO,- , | Residual

HCN H,S HCN H,S s0,” _

N N N CN

0 15.00 15.00 0.04 | 0.00 | 0.00 | 0.10 0.00

1 0.10 0.20 291 | 550 | 020 |30.10 | 880

2 15.00 15.00 0.10 0.20 3.13 | 490 | 0.17 | 29.10 4.40

3 0.10 0.30 3.88 | 5.70 | 0.16 [29.50 | 6.60

Ay 0.10 0.20 330 | 540 | 0.18 | 29.60 |  6.60
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4 o ] { o v o {
ﬂ'l'i'l\‘lﬁ 4.17 ﬂ@lﬁ’lﬂ’lﬁﬁﬂv’ﬁﬁﬁ’hﬁzﬂﬂ HazANNE1N150 lUN1SAMIAMTUeITTUUNAIN

4 @ a
WNTUVDINIE 15 ppm LAZAIINGIVOIAINAN 16 IFUAUAST

sTE ¥ HCN M H,S
DO
nam . GEC RE GLR GEC RE pH
GLR (mg/m-h) . , \ (mg/1)
(¥3.) (mg/m™h) | (%) | (mg/m-h) | (mg/m™h) | (%)
0 0.00 0.00 0.00 0.00 | 6.70 | 6.90
1 15.06 99.33 87.50 98.66 | 6.40 | 6.30
2 15.60 15.06 99.33 88.70 87.50 98.66 | 6.40 | 6.30
3 15.06 99.33 86.90 98.00 | 640 | 6.30
nag 15.06 99.33 87.30 98.44 | 640 | 630

G

4 o s a 2 o a ) o
ﬂ131\‘1ﬁ 4.18 VMUIULFAAYJAUNTINDU HASHAINIIAUIS VU mmm?mmmmm% 15 ppm Liag

mmqwméi’aﬂmq 16 LEUALAT

NUaANY NUIUBAANA
¥iAveIQaUNSE AUIZTUY AT
(CFU/ml) (CFU/ml)
nquYALIE ffdesdals HON
(Agrobacterium tumefaciens SUTS 1 1182 5.80 x 10 2.90 x 10’
Pseudomonas monteilii SUTS 2)
nquYauI ffdesdals H,S
(Acinetobacter sp. MU1 03 118% Alcaligenes 232 % 10° 1.70 x 10°
Jfaecalis MU2_03)

2) ANWFIVBIAINAN 24 I5UALAT (Fo8az 60)

4 A @ I a v a A 3 ]
Lﬁ@tWNﬂ?TNgQ%@Q@]Oﬂ@TQLﬂH 24 1B UALUNT §$8$L3a1ﬂﬂLﬂ‘]JLW3J%LlE’)fJﬁ

G

E4
v A

A A ' y 9 o A a Yy 9 o P
152 3% nuNanuutureamsnoonanszuuianududuasinglaTasmulse lua
[ Y [ [ 4 [ Y a Aa o w
[WUTUIIAY 0.10 ppm tazma 1 Tasudga Iladuduminy 0.16 ppm Use@ntammsisa
o S 1w % ) I’ 1 1w
malaTasau lae ludminuiesas 99.33 uazma lalasnusa lidmasminudosay 98.88
A A o SN v ' o g A A Yy v 3 v
USurawaanuainldvinnisdesaarsnignigoasialanumuiuanadaniioslag

wou Tuile-lu Tasududu 2.28 Taansu/aas luwin-Tulasududu 5.0 Jaansu/aas
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4 A a o A o A a o a ]
lasdi-TuTasmududu 0.09 Tadniu/ans samadudu 23.40 Haansu/ansogluglves uay
4 Y T @ A Aa o A A Y a a =
layen Tudnafaminy 8.00 Hadnsu/ans (15197 4.19) 9103 IFoonTauveagaunsd lums

a o Y o Y a % I A Aa o a ~
’E]’E]ﬂ“ﬁulﬂcﬁﬂWGBWWGlﬂﬂWﬂﬂﬂ%L‘ﬂua%aWﬂuWaﬂa\W'lﬂ 6.5 10U 6.3 Haansw/ans uazasiszneun

=

a X o Y I < A o [}
Lﬂﬂﬂluiuﬁgﬂﬂcﬂ'lﬁlﬁﬂWﬂTliJlﬂuﬂﬁﬂlﬂﬁaﬂa\‘]%Wﬂ 6.9 111 6.5 (199N 4.20) AN TUIIUIU

J a A J

' ° s A 2 2 1 4 v o
LFAAAUNTY W‘U'J’]ﬁ%']1!']1!1"]1'(3alWNﬁlﬁﬂ\?ﬁ@Qﬂ'G]?JfJ'mlﬁﬂQ%']ﬂﬂ'lﬁﬂﬁﬂﬁ'lalﬁ}ﬁﬂ?']llﬁ']u'ﬁﬂ

q

v A Y g o A 2 A o & A
111mﬁ‘ﬂu”lﬂMﬁnnwmmmmummmmwmu ﬂTﬁLWMﬂ?WﬁJQQGU’GWI’JﬂﬁNL‘]J’L!ﬂ"IiLWiJ

a A o

v a L45J J
ITYSI[AINNNY Ll,a$ﬁ@1ﬂ153ﬂl@ﬂﬁ]auﬂiﬂ&luﬂ'lﬁ@@ﬂ%vlﬂ%ﬂ'lcﬁ (Kennes and Thalasso, 1998) L6

Q

A A A o o A a VoA I s
a$°lf‘um1|6mEJ‘Uﬂ‘]Jﬂ’JHJQ\‘IGU’EJWI’JW 16 L UNLUNT ﬂqm/lEJ’E)EJETEHﬂﬂ?cﬁllaiﬂili]u]lcﬁﬂﬂuﬂ

o s A X < a S 1 A
mmumamwﬁumﬂ 1.02 x 108 CFU/ml L’iJ‘L! 1.13 x 10X CFU/ml LLﬁZi}auTﬁ'ﬂﬂquﬁﬂﬂﬂﬁﬁWﬂ

lalasnuda lidsuumadiuuuan 9.60 x 10 CFU/mI 13111.32 x 10° CFU/mI sataadlu

A1319N 4.21

M99 4.19 waasuain laanmsoond lagnis leTasmu lse lua uazlslasnusa lva 7

) @ a
ﬂ’]']iJL‘fljiJélgljuéU’ﬂ\‘]ﬂTﬂ)' 15 ppm HASANNGIVDIAINAN 24 LFUALNAT

STET | ANWUNIH | ANMANTUVDS
am | wesdimidh -—— HanH NN LTy (mg/l)
(¥U.) 32UV (ppm) 32UU (ppm)
(Inlet) (Outlet)
HCN | HS | HCN | HS NH-N | NO,-N | NO,-N | $0,” | Residual
CN
0 1500 | 15.00 0.04 0.00 0.00 | 010 | 0.00
1 0.10 0.20 2.23 4.7 0.09 | 24.12 | 11.00
2 15.00 | 1500 | o010 | o.10 2.09 53 007 |2391| 660
3 0.10 0.20 252 51 012 | 2218 | 6.60
3y 0.10 0.16 228 5.0 0.09 | 2340 | 8.00
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Y (% ] { o v & !
ﬂ'lﬁ'l\iﬁ 4.20 @@Iﬁ’lﬂ’lﬁzﬂv’ﬁﬁlsﬁj'ﬁﬁﬂﬂ HazANNAINIT0 TUMITAITANIFUBITSUY NAWY

4 @ a
IWNTIUVDINI 15 ppm LATAIINGIVOIRINAN 24 IFUAIUAS

(4 [
N1%% HCN Ma H,S
piAiHA
(DO) mg/l pH
1a(¥N.) GEC RE GLR GEC RE
GLR (mg/m’h) , 5 5
(mg/m-h) (%) (mg/m-h) | (mg/m-h) (%)
0 0.00 0.00 0.00 0.00 6.50 6.90
1 11.35 99.33 69.24 98.66 6.30 6.50
2 12.24 11.67 99.33 69.73 69.48 99.33 6.30 6.50
3 11.67 99.33 69.24 98.66 6.30 6.50
m?w 11.56 99.33 69.32 98.88 6.30 6.50

~

Y I3 I a Jd [ a { ]
Vnﬁ'l\‘iﬁ 4.21 NUIULEA[IAUNTINDU Lmzﬁmm'immzuuﬁmmﬁmﬁmmﬂw 15 ppm LAY

ﬂ'NlJQQGUENG‘i}’JﬂaN 24 IEUANAT

- . A SunuwadnewAY | SmwadnduRY
YUAUDIYAUNIY
52UV (CFU/ml) 32UY (CFU/ml)
nquYAuIS iNdesats HON
(Agrobacterium tumefaciens SUTS 1 L1 1.02 x 10° 1.13 x 10°
Pseudomonas monteilii SUTS 2)
nquYAuIEEndosdalt H,S
(Acinetobacter sp. MU1_03 18 Alcaligenes 9.60 x 10’ 1.32 x 10°
faecalis MU2_03)

= < Y1 A A ) o 2 A
i]1ﬂﬂ1§ﬂﬂ‘]Enﬁ]gLﬁu]lﬂ’NUJE’JL‘Wllﬂ’NllLmumum@ﬂﬂq%ﬂﬂﬁ@\isﬁu@ﬁnﬂ 5 ppm

3 = g A o v J a A o
Wu 15 ppm FUTUNITINNOATINITLUDITSU L Tﬂammgw@m@amu 16 [EUAUATUDNT

aszmaiidszuy (GLR) geiigalasia lalasnulae luduaz laTasnuda lidozogh

g
4
b\

A a o J o o v v a
15.60 iLag 88.70 uaaﬂsu/gﬂmﬂﬂmmmﬂm AIUAIAY T2EZNAINANY 132 U9 tag 1o

A v 7 d N o A Y I
LW?J?I’J"I?JQN“II’ENT’]@Q?JH L‘]JL! 24 I UAUANT DNTINITLINFNLVITSUD (GLR) "U’ENﬂTG]f]l?JIﬂiLi]l!

o = a J o
T luanazlaTasnuda’laszogh 1224 Tadnsu/gnuiaduas-42Tue uaz 69.73

A a o J o v a A o
NﬁﬁﬂiN/QﬂUWﬂﬂluﬁﬁ'ﬂf'}INQ JTYLIANNNY 152 ’J‘mﬁ AIMNNITINUBDNTINITSUDITSUULUAL
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v a I a 1 A A o o
ANVFIVDINDANUIIN 16 LEUANAT 11U 24 15UALAT WU TLANTNINAITNMIAVDITE Y
1 o o 4 g}/ 1] 1 1 o 4 o o
N32AUANUFIVDIADANUNT 2 52AD TNUANAINAUNING1HBIINTZUVIIAINITOTOITY
AN UTUAINa1 18 FIN 15N T1ANNFIV0IAINANNHYIZAN ANAIWITOVDI

a A o o A a Iy 1 A ' o o o
paunsolumsSuaniiooond ladmauaazytia taznunszuuamnsamaama lalasou

4 o 4 g}/ Vo a a A
laren'lud naz laTasnugalid lageasuarr Tuansnvosmsiauszun Tasldsednsnm
1 A o Y

wInnITesaz 98 uvzNuANUTNTUFIgADa 15 ppm 1AZEATING 1MaYINIFTIN 204
A Aaa A g =< I A 3 9 [l (4] a A =\ 9
Naaaas/a fay sutlumaiuasasaulunisgosaaiensyeIgaunsd uazinali

a [ P 9 [] A A A d? ~
HARN NN la1nN1Te0eaaly (by-product) HUFU1BUNUIU (Armeen et al., 2008) (gﬂin 4-9
uaz 4-10) vz ndszaninmlumsiiavessz oy hinanaenuTageglugi Sosaz 96-99
. a @ < a o [ @
Fansanalsuunugaeiana19ann 24 11 16 iwuamas ldszundesesiusas

o ) A X o s A X <

MILVOIMHI5E D (GLR) iinauy Tagnias lalasu lsen ludmuiuoin 12.24 114 15.60
Aa a o 4 @ 1 =\ A 2 [ (2
aansu/gNUIANINATH 11 Dand NIz DU imMsMuIUYeI8RT1015E Mg 152U (GLR)

1 o v o = A Aa a o 4
HAANNEINTA TUNITMIANBYDITZUY (GEC) 83n3liA1ganengi 15.06 Naaniu/gnuien
wase32Tue Uszdnsnmlumsfivavesszuy (RE) Ia1geneiosas 99.33 (A15197 4.22)

[

) o 4 % I a 1
’ﬁTﬂi‘Ufﬂ‘slfhl31@5LﬂuG]fﬁh],‘i/\lﬂﬂTiﬁW]J%N'lmﬂ')'mg\ﬁl@\‘]ﬁ?ﬂa'lfm']ﬂ 24 Lﬂu 16 IHUALUAT TIND

[

Y o 9 A2 ' = o A 2 I
HADNTINITSUDINIHFIUITE VU (GLR) LWNﬂlul%ulﬂﬂjﬂuiﬂﬂl,qulu{ﬂ']ﬂ 69.73 !ﬂu 88.70

—9

A o s & = Y1 o o A 9 a A A A
fﬂﬁﬂ'ﬁJ/Qﬂ’]J”IﬂﬂLll@]i’eb"ﬂll\iﬂQL!JJ'NE’)@ﬁTﬂTﬁgsU’l’NﬂTW (GLR) V]L‘lﬂi%‘]J”]Jﬁ]mJ‘]JﬂJ'mWILWiJ

)

o v &

dﬂg 1 v A 1 1—1' Q'/ d’ ld'
geiu uaanueTa lumsmivansveszuudaliaigelnomaera Tuen 1-3 0gi 88.61
A Aa o 4 < a I a a o w =K 9 A
Haanswgnuenuas-5 19 Aaudszaniamlumsman (RE) gededosaz 98.44 (15199

1 o a 1 a [ P o w

4.22) NANUFIUBIAINAN 16 IFUANATNUNHAAN BN Iaa1nnisMdnavesszuy Taomniy

o - x ] (9 o 4 1 4 (2 1
Famla (50,”) ¥ lanmsdesanionis lalasnuda lldnuiuieanuuiuvesnsionn

A X Y o - ) A ~
NNFTVVRBTUANUTRTUvo st a luszuuTinn Tdvanad (13199 4.16) Tuvaziany

y 9 2] J 9 A 1 4 Y ) A

Wutuveaniw lalasnulse ludneudianai ua loer ludaasianududulasuulas
A a [ S 9 1 (9 =) 1
aaoana1loInannuan Idanmsdesaarsmalalasou lye ludtivategluunlan

< 4
vzitlu weuTuiie-TuTaswu lwasn-lulasnu vazlulasi-lulasmu anranisdnm,
Y] 1 <3 Y ~ Y] a = A o 9
aanazmula1NaugeesdInai 16 iuawas Iaamuizauazuii 141y
MsAnEIsANTNINGIGAVDTL VY YULIRGINUIINNITANYIVOI Schroeder (2002) 18
318914 NANNGIVeIdINaNRaaelszansninlunisiidavesszuy Tasaugaves
ananimunzandmsuszuninianiseglugieiesas 40-60 Y0INNNGIVLITZTUY 450 1)

Y Y Y
1 was szreldszouldszdninngegalumsiide fellduegiuriavedinais

2] a a ) a - @ o 1
mmvf’fu%’ummnwwy UASHFUAUDINTFNEY uf]ﬂ%1ﬂﬁﬂ']'liJ’E,:f\‘léllﬂﬂ@lﬁﬂaWﬂﬂﬂﬁWﬁﬂ@ﬁgﬂglﬂﬁ'l
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] o o { o a ]
ﬂmmﬁummcﬂuwuuﬁﬂﬁ’aﬂmwu ﬁﬂ??ﬂg’ﬁﬂl@ﬂﬁ%ﬂﬁﬂ 24 1Y UALUANT 32IZLIANNINVUDY

1A a { % a v P
5$‘U‘Uﬂﬂﬁ 152 'Ju'l‘ﬁ mmzﬁmmﬁwmmﬂmq 16 IEUALUAT izaznmﬂﬂmmmizuuagﬁ

U U

a . 1 v < { o w a [
132 ﬁu'lﬁ “?QW‘U%H%fJ%L’m'lﬂﬂLﬂUﬁLﬁﬁJWﬁﬂJﬂl@Qizﬂﬂ‘U'mﬂNﬁWHLLUUﬂﬂ’Jiﬁi%ﬂ%L’mﬂu
@ < ] ] a = = dyd Y
ﬂﬁﬂﬂlﬂﬂﬂgiuﬁfﬂ 103-137 3UIN (Rene et al., 2010; Jeong et al., 2006) Glumiﬁﬂ‘tﬂui]\illﬂ
A Yy 9 3 A = g A < A A
Laeﬂﬁﬂnzmmmﬂuﬁmazmwmzmflumiﬂmgwuﬂe"lﬂmmmmﬂuamazmzuuu

@ 2]

o v ® Y A A F) A
mmmmm“lumim%ﬂﬂw"l,ﬂﬂ“lummzm ATIMTENFVUITSUUGINGA

d' Aa A o w A o Yy 9 4 [
19190 4.22 ‘]J3$E’WI‘ﬁﬂ']Wﬂl‘Llﬂ']ﬁ‘U']‘Uﬂ"’U@\‘]ﬁg‘U‘Ulll'E)L!ﬂJﬁWuﬂ??ﬂlﬂlﬂ“ﬂuﬂl@ﬂﬂ’]“ﬁﬁﬁﬁ?’m Sua

15 ppm NANUGIVDIAINANILHIN 16 LAY 24 IFUALAT

AGa %Y HCN MY H,S
P REY LGN EBRT
v v . GLR GEC RE GLR GEC RE
LUYNYH MINA (sec) J \ \ \
(mg/m™+h) | (mg/m-h) (%) (mg/m™+h) | (mg/m-h) (%)
(cm.)
16 132 3.61 3.40 98.00 15.80 15.47 9
5 ppm
24 152 2.83 2.58 299.99 13.51 13.44 =99.99
16 132 15.60 15.06 99.33 88.70 86.61 98.44
15 ppm
24 152 12.24 11.56 99.33 69.73 68.54 98.88
26
24 5
22 3
~ 20 ::
= 18 3
E 16 ;
22 14 3
g 12 ~
5 10 3
= 8 ! !
& ¢ R 3
4 3
c I i S
Ammonia Nitrate Nitrite Sulfate Ammonia Nitrate Nitrite Sulfate
(5ppm) (5ppm) (5ppm) (5ppm) (15 ppm) (15 ppm) (15 ppm) (15 ppm)
by-product
B i o 5 4 Tued 1 = a2 Tued 2 s 4 Tuef 3

Y A o oA o w @ s
517 4.9 anududuvosndasuain laanmsiiva (by-product) Masla Tasoulaye Tug
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o 4 9y 9 1 ~ o
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by-product
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4 a { o a J
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M990 4.23 waanuain ldainnseond lagons laTaswulse lua vazlalasmuda la

J ' a I o
szmnmqmsﬁﬂmmsmmzumﬂmzaznm 72 3109

ANMANTUYRY | Aanmdntuvesy | _ , .
o HanHNINNIRRNGRYT AN
szez | MBSz UY (ppm) | BNINIZUY (ppm)
(mg/l)
I (Inlet) (Outlet)
(¥31.) NH;- | NO, | NO, | | Residual
HCN H,S HCN H,S S0, _
N | N | N CN
0 15.00 1500 | 0.04 | 0.00 | 0.00 | 0.1 | 0.00
6 0.10 0.10 | 3.16 | 430 | 0.20 | 30.10 | 6.60
12 0.10 0.10 | 3.28 | 5.10 | 0.06 | 31.20 | 4.40
18 0.10 020 | 3.88 | 5.60 | 0.08 | 32.10 | 8.80
1500 | 15.00
24 0.10 020 | 2.04 | 490 | 0.09 |30.30 | 11.00
36 0.20 030 | 227 | 470 | 0.10 | 29.70 | 8.80
72 0.20 030 | 170 | 3.90 | 0.16 | 29.20 | 11.00
Inay 0.14 020 | 272 | 475 | 0.12 | 3043 | 844

4 @ ) ! o v 1
Vni]\iﬁ 4.24 ’E)@]31ﬂ13$fﬂ"]fﬁLsﬂﬁigﬂ‘ﬂllﬁ$ﬂ’JTJJ?fNJTiE]GlLlﬂTiﬂTﬁ]ﬂﬂT“ﬁﬂJ@\ﬁ%U‘Ui%W’31\1

= = a A
ﬂ15ﬁﬂ1&l1ﬁﬂh1ﬂ‘i$ﬁ%‘ﬁﬂ1wq\‘lq®

2 y v Y v
vto HCN ANNIUYNUVH 15 ppm H,S ANUUYNUYY 15 ppm
DO
I pH
. GEC RE GLR GEC RE | (mg/h)
(¥¥.) | GLR (mg/m-h) , . ,
(mg/mh) (%) (mg/m-h) (mg/m’-h) (%)
0 0.00 0.00 0.00 0.00 6.50 6.90
6 15.45 99.33 88.32 99.33 6.20 6.40
12 15.06 99.33 88.10 99.33 6.20 6.30
18 15.46 99.33 86.72 98.66 6.20 6.30
15.60 88.70
24 15.42 99.33 86.71 98.66 6.10 6.00
36 15.06 98.66 84.43 98.00 6.10 6.00
72 15.21 98.66 84.70 98.00 6.10 6.00
m?m 15.27 99.06 86.85 98.66 6.20 6.20
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0 ¥, 6 ¥, 240 | 36N | 72
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NguYaUNIINGoaTaIy HCN

7

(Agrobacterium tumefaciens SUTS 1118y | 2.9x 10" | 2.95x 10" | 2.8 x10" | 1.9x10" | 1.3 x 10’

Pseudomonas monteilii SUTS 2)

a A oA
NAUYAUNITINYDYTAY H,S

7

(Acinetobacter sp. MU1_03 g Alcaligenes | 1.7x10° | 1.13x10° | 9.5x 10" | 8.6x 10" | 8.2 x 10’

faecalis MU2_03)

=S
4.5 MIANHIANAANIAVDITIZ VY (mass balance)

= d‘ a =y a [} J - - 2-

msanyauaanaiielszdulSinunavesnannmal (NH,-N, NO,-N, NO, N uag SO,")
i ¥ ' o I [ @ PN
nlannmsdesaarens lalasaulse lud tazms lalasnusalnd doanuainsolums
o w & = o a = o a @ P ~ 1
MIaMaueIszUD (EC) Faguiumsanyilasnismuianaanuainoonnnszuuigndos
- - . 1 1 - I
a1y fie NH,-N, NO,-N, NO, -N uaz S0,” uag ligngesaals HCN,, CN' uag H,S,, 1ilunia
~ A S a d o < ~ ° v o
neenvnszuuilng-Han'luToaniumwes (mass ou) MudunIsiaaulIag1sd1usun1e
P ~

TaTasaulsen ludaunisn 3.10

[6HCN,

ied = [INH;-NJ+[NO, -N]J+[2NO, -N] +[HCN, ;. J*[CN "]

outlet:

wazdmsumalalasmuda lild quns 3.14

2[H,S, 1= [H,S, ]+ SO,”

out-
° 9y 9 a o J ° Y g Yy a =
paziianuutuvesnaasuindwIn lugunsanududu Tngd199991nnsAnYT
[9) J v ~
Y09 Armeen (2008) tazamz Iaomas lalasnu lye luadsanmsn 3.11 uag 3.15
4‘ Yy Y o
4.5.1 au9aNIANANNMINIUVBINY 5 ppm
o 1 a o P a 4 o kS
NNAUMITURANIAIAIANNTNVOIHAAN M Ia1INMIT IR TIEHIT AT Ty
o A o A & = = A Y 9
slvesmMafioonanszuy wazandananiduvewnadr lvateuluszuy Feanumdudu
4 4 o 4 (2] 1 a o
yoamas laTasiou lsen lua naglelasmudalia 5 ppm duaauiavesmauaazsiiananing

A1519N 4.26-4.27



M3197 4.26 augandaved lalasou oo Tudananudiudu 5 ppm
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ANNGI Mass in Mass out
NN waazan
VD
i | Q X [HCNie] X 6/Q X [HCNouniee]| (INH3}-INOT3 -(INOIX2)[CNDXVey | 0 | Qyygzqp9)
AINAY Vm Vm 1000xVyy, s
(ppm) o) (mg/m’sh) | (mg/m’h) (mg/m’+h) (mg/m’+h) | (mg/m’*h)
cm
16 21.66 0 0.40 0.40 21.26
5
24 16.98 0 0.40 0.40 16.58
\ . o
M3199 4.27 augandaves la lasaudga lwananuaudu 5 ppm
ANNEGN Mass in Mass out
[RIEREY " Nlaazad
YD _ [SO3 XV
ﬁ’iusﬁ’u . QX ([H2Sintet] X2) Q X [HzSoutlet] m 9% Tuszuu
AN Vin Vin ,
(ppm) 3 3 3 (mg/m"<h)
(cm) (mg/m *h) (mg/m"*h) (mg /ml-h) (mg/m *h)
16 31.60 0.60 11.55 12.10 19.50
5
24 27.02 0.00 5.60 5.60 21.42
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4.12 uag 4.15) ﬁﬂ')'lﬂJEj\iﬁU’f)\‘lﬁ'Jﬂa'N 16 11224 [IFUANATAINGIAY Elu"llﬂlgﬂu’)a@f’)ﬂ‘ﬂ'lﬂixﬂ‘ﬂ
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CFU/ml 111 9.60 x 10" CFU/ml (ﬁ?ﬁNﬁ 4.12 ag 4.15) NANNFIVUDIAINGAI 16 AL 24
A o o X 1 A a1 ' v A 9 <3| 9
FFUANATAINAIAY FINUNWIaN09NINTEVVIAaAausUNUADIINT DAY 38 111 Spuas
A o s o Y a o a A d a @ oAl
23 mmummﬂfum’mwaamwamﬂmszmumi@@ﬂm%ummi]aumﬂaﬂamazwammmw
Y =2 Y
Vlﬂi]'lﬂigﬂﬂﬁ]\iaﬂﬁﬂﬂ’)ﬂ
d‘ Yy Y (24
4.5.2 aNAANIANANNIVNVYUYDINY 15 ppm

augauavednis laTasnulyen lud uazia laTasnulse ludianududu

g ) A = [ ~
15 ppm Nelugilvesma uazveunadi Inadeuluszuvaalunisiei 4.28-4.29

a 7 v 9
M3199 4.28 augandaved lelasaulyer luananududu 15 ppm

AN ﬂ‘Jm’gN Mass in Mass out N’Jﬁﬁg’;ﬁgﬂu
WNYY| v STV
o HCN, yer] X 6/Q X [HCNguger]] (INH31-INO3 -(INO 1% 2)- [CN]) X Vey
(ppm) | fInNa x| . o] X6Q x| i tec) (VM 31;00X‘2,m ) W | (mg/m’sh)
(cm) (mg/mSoh) (mg/m3-h) (mg/ m’+h) (mg/ms'h)
15 16 93.60 0.11 6.80 6.91 86.69
24 73.44 0.11 5.20 5.31 68.13
M319h 4.29 auaannavedlalasnuda lidfanuaudu 15 ppm
AN ﬂ’ngQ Mass in Mass out ylaavau
1YNYU Vo9 Qx ([H2Sinlet] X2) Q X [HzSouter] | [503 1xVyy . Tuszuu
o Vin Vin 1000 XVy, \
(cm)
15 16 177.40 1.20 13.00 14.20 163.20
24 139.46 0.70 7.80 8.50 130.96

; o 2 o A -
1INMIANEIANAaNIANANMTUTUYDINFNITDIFUAN 15 ppm NANGIVDA

o a o s Yy 9y A a & v
AINAN 16 L"]fuﬁluﬁiﬂ”l"b']laiﬂililu]lcﬁﬂTlluﬂW']Jﬂ'J”I?JLGU?J"U‘LWI'E)'E)ﬂﬁ]”lﬂi%llllﬂﬂlﬂuiﬂﬂag 7

a g o @ { a g
ﬁ%ﬁll(luigﬁﬂ ﬂmﬂu%'aaaz 93 mc]f"laTﬂ5Hmcm‘11/\1@7%1umaﬁaaﬂmﬂizummﬂu%’@ﬂaz 8
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2. 1 palmsazaenasgihunsn-luasiau (No,-N) finndudy 0-1.2 HadnSuneans

Nitrate (mg/l) Abs.
0 0
0.2 0.069
0.4 0.171
0.6 0.244
0.8 0.303
1 0.429
1.2 0.484
0.6
y=0.4114x - 0.004
0.5 8 - 8
2 =
D4 R2=0.9937
g
<
93
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0 = =g — T
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2. 2 nswlnasgrldasn-lulasiou (N0, -N) finnandiudiv 0-0.2 iaanSunedns

Nitrite (mg/l) Abs.
0 0

0.002 0.007
0.01 0.034
0.02 0.067
0.04 0.136
0.06 0.203

0.08 0.275

0.1 0.45

0.2 0.681
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Sulfate (mg/l) Abs.
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510a108AV0I9AUN3IE Agrobacterium tumefaciens SUTS 1
Domain Bacteria
Phylum Proteobacteria
Class Protobacterias alfa
Order Rhizobiales
Family Rhizobiacae
Genus Agrobacterium
Species Agrobacterium tumefaciens
Agrobacterium tumefaciens SUTS 1 iy 3 auns ETE Y13 UNTUAY Aerobic bacteria
YPNAFURIUFUINANUDIUFAANINY 0.2-0.1 pm ANWIVDIFAAINY 0.5-0.2 pm Tajadrs

=

' ' 9 v
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srusaded ennsiasuien1dnsiidiudsznovesmiTylansa wielumasmivew
L%@ﬁ@hﬂ‘luﬁ%ﬁﬂﬁﬂﬁﬂTﬁﬂﬁuﬂumqg (crow-gall) TiHAAD I UVN AT IING1UDINY1H
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51003108AV019aUN3E Pseudomonas monteilii SUTS 2
Domain Bacteria
Phylum Proteobacteria
Class Gammaprobacteria
Order Pseudomonadales
Family Pseudomonadaceae
Genus Pseudomanas

Species Pseudomonas monteilii

I~ a o ]
Pseudomonas monteilii SUTS 2L1Jui;auw'%ﬂgﬂum 1NIUAY Aerobic bacteria mmmﬁu
1 4 Jd 1 @ Jd @ [ 4
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= ;il dy A 9 = 4 1 [
e 01M1sasureN lsa1sidIvlsenovvesnsuousy nglaa Winlna wazauso
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= a I dy 1 1 o Y a a dy Y
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S10aZ108AVDIQAUNIE Acinetobacter sp. MU1_03
Domain Bacteria
Phylum Proteobacteria
Class Gammaprobacteria
Order Pseudomonadales
Family Maraxellaceae

Genus Acinetobacter

I a 4 1 . . Y 1
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S10az138AVeI9AUN3E Alcaligenes faccalis MU2_03
Domain Bacteria
Phylum Proteobacteria
Class Beta Proteobacteria
Order Burkholderiales
Family Alcaligenaceae
Genus Alcaligenase
Species Alcaligenes faecalis
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Abstract

This study presents a practical mass balance calculations of hydrogen cyanide and
hydrogen sulfide gases removal by dual fixed- film bioscrubber system. A mixed culture
of Agrobacterium tumefaciens SUTS 1 and Pseudomonas monteilii SUTS 2 for hydrogen
cyanide removal while a mixed culture of Acinetobacter sp. MU1_03 and Alcaligenes
faecalis MU2_03 for hydrogen sulfide removal. The long-term system results showed
high removal efficiency of hydrogen cyanide and hydrogen sulfide that was 99.06% and
98.66%. respectively. It revealed that mass-in and mass-out was 93.60 mg/m*+h and 7.30
mg/m?+h for hydrogen cyanide removal whereas the mass-in and mass-out for hydrogen
sulfide removal was 177.40 mg/m*+h and 14.80 mg/m’+h, respectively. These found that
the mass- in higher than the mass-out, it might be due 1o these bacteria could utilize the
compounds such as cyanide, sulfide, or the by-product compounds for their growth.

Keywords: dual fixed-film bioscrubber; biodegradation: hydrogen cyanide; hydrogen sulfide;
mass balance

1. Introduction

Hydrogen cyanide (HCN) and hydrogen sulfide (H.S) gases are colorless, toxic
and flammable gases. Hydrogen cyanide and hydrogen sulfide found in petroleum
refining, wastewater treatment plant, chemical processing, incomplete combustion
and industrial waste ( Ebb.2004; Dzombak et al.., 2006). HCN and H.S gases were
similar toxicity to nervous system. It also affects to animal and environment. Both
toxic gases were exposed by ingestion, skin absorption and inhalation this path way
was high toxicity due to rapid absorb to target organ and systemic poison (National
Research Council, 2002). These gases removal are various pathways such as
physicochemical, biochemical and biological degradation ( Dash etal., 2009). The
biological degradation provides an alternative method for gas removal due to low cost
operation and environmental friendly. This pathway will degrade. oxidize and/or
transform the pollutant gases into intermediate and by-product. The intermediate and
by-product from biodegradation of hydrogen cyanide and hydrogen sulfide might be
various compounds mainly depending on type of substrates, type of microbes, type
and performance of the systems. Biodegradation of hydrogen cyanide releases the
nitrogen forms such as ammonia, nitrite, and nitrate while the hydrogen sulfide
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releases the sulfur form ( Potivichayanon et al. ., 2006; Potivichayanon and
Kitleartpompairoat, 2010; Ebb, 2004 and Rattanapan et al. 2009). The bioscrubber
system consists of two subunit namely an absorption unit and a bioreactor unit. In the
absorption unit, input gases contaminants are transferred to the liquid phase. Gas and
liquid phases flow counter currently within the column, which may contain the
packing material (Mudliar et al_, 2010). The main advantages of this technology are:
(1) removal of reaction products by washing out, avoiding their possible inhibitory
effect, (2) easy control of the biological process and (3) good adaptation capacity of
microbial biomass ( Kennes and Thalasso, 1998). In order to enhance the efficiency
of wide variety of organic and inorganic compounds from polluted air streams
removal and solve to the completion condition of microbial consortiums until
increase the degrading rate. The advantages of two stage bioreactors are removal
several of pollutants, stable of flow rate and using for single and mixed culture of
biodegrading bacteria ( Sercu et al., 2005). Mass balances are used widely in
engineering environmental and biodegradation analysis due to can estimate in order
to future operative removal process in the bioreactor system (Gao et al., 2012) and
the mechanism of substance transformy in bioreaction (Dash et al., 2009). A mass
balance can evaluate the performance and quantitatively in removal process. It
focuses not only on the mass of materials that enter or leave the bioreactor by air but
also considerate of by- products that are produced or removed or transformed to
biomass ( Armeen et al., 2008). This paper presents a methodology to evaluate dual
fixed- film bioscrubber system. It shows the methods of calculated values and the
relation of mass-in, mass-out, accamulated-mass and biomass of hydrogen cyanide
and hydrogen sulfide degrading bacteria. In addition, the results can be used to
improve and apply mass balance for biodegradation process.

2. Material and methods
2.1. Microorganisms and immobilization

Cyanide degrading bacteria were isolated from cassaya wastewater treatment
system included Agrobacterium tumefaciens SUTS | and Pseudomonas monteilii
SUTS 2 and then were cultivated m buffer media ( Potivichayanon and
kitleartpornpairoat, 2010). Sulfide degrading bactena were isolated from an aeration
tank of municipal wastewater treatment system included Acinetobacter sp. MU1_03
and Alcaligenes faecalis MU2_03 and then cultivated in thiosulfate media
( Potivichayanon et al., 2006). The polypropylene tellerette ring as a packing media
was 0.072 m in diameter and 105 m* m* in surface loading rate. The packing media
was weighed and sterilized using UV light. After that, the sterile packing media was
transferred into a media solution flask containing selected microbial growth at
logarithmic phase ( day 4) and then incubated at room temperature at 150 rpm on a
rotary shaker for 4 weeks.

2.2. Fixed-film bioscrubber set-up

The dual fixed-film bioscrubber system is shown in Fig.1 Bioscrubber columns
were made of glass 0.074 m in diameter and 0.40 m of height. The columns were
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packed with immobilized packing media to get the working height of 0.24 m (60%
of bioscrubber height) or 0.16 m (40% of bioscrubber height) for finding optimum
condition. The first bioscrubber column was hydrogen cyanide degrading column and
the second was hydrogen sulfide degrading column. Hydrogen cyanide and hydrogen
sulfide gases were introduced upward into column. The nutrient solution was pumped
downward and recirculated during the experiment. The systems were divided into 2
steps: short-term and long- term operation as shown in table I. The important
parameters of mass-in were determined in form of HCN and H.S gas concentration
using gas detector whereas the mass-out in form of by- products were analyzed such
as nitrate nitrogen (NOy’), nitrite nitrogen (NO;’), ammonia nitrogen (NH3), residual
cyanide (CN-)and sulfate (SO.*) according to standard methods for the examination
of water and wastewater ( APHA, AWWA and WPCF, 1995; Ebb, 2004;
Potivichayanon et al., 2006; Potivichayanon and kitleartpornpairoat, 2010), In
addition, cyanide and sulfide degrading bacteria growth were analyzed by the colony
counting technique (APHA, AWWA and WPCF, 1995).

HCN and H,S outlet

............. .
7 Q : )
'u... ,;

| o
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'
'
I
'
'
'
|
|
|
|
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'
|
'
'
'
'
'
'
I

T e

r-.i —— =
r---“

NH;, NO;5, NO;. SO+, CN

Figure 1. Schematic diagram of dual fixed-film bioscrubber system: 1. HCN gas: 2. HaS gas:
3. Regulator; 4. Flow meter; 5. Connector tank; 6. Bioscrubber column | (cyanide degrading
bacteria; 7. Bioscrubber column 2 (sulfide degrading bacteria): 8. Peristaltic pump: 9. Media
tank: 10. Gas sampling points

75

154



M. Bunsert / EnvironmentAsia Proceedings (2017) 73-83

Table 1. Experimental condition

Experiment Gas Packing HCN H.S Mixed- Media EBRT  Opention
media gas gas gases flow  solutio (sec)

concentral  yoota(m) fow  flow rate n flow time (h)
(mlfm n) n)
n)
g 0.16 24 [7) %0 16 132 3
0.24 24 84 %0 16 152 3
Shart term 15 0.16 35 156 24 16 132 3
024 35 156 dis) 16 152 3
Long term 15 0.16 35 156 2 16 152 72

2.3. Data and Mass balance calculation

The performance of bioscrubber was reported as gas loading rate ( GLR;
mg/ m*-h) (Kennes el al., 2009), and the gas removal was represented by gas
elimination capacity (GEC; mg/m’-h) (Rattanapan et al., 2009), which is usually
normalized by the gas volume of the bioscrubber. The efficiencies of dual fixed-film
bioscrubber are commonly revealed in term of the removal efficiency (RE:; %). These
terms are defined in Eq. 1-3 as follows:

GLR = 1= (1)
GEC = Q(=te= 2)
RE = (c"%)xmo 3)

Where Ciq is the mlet gas concentration (mg/ L). Co is the ontlet gas concentration
(mg /L), Q is gas flow rate (m*/h) and V is packing media volume in bioscrubber
column (m®)

The factors measured for the mass balance evaluation were gas inlet loading
rate, gas outlet and concentration of by-product from oxidizing process in form of
nitrate (NOy"), nitrite (NOy'), ammonia (NH;), residual cyanide (CN-) and sulfate
(SO+*). Over all of mass balance was presented in Eq.4. The equations of mass
balance calculation were applied in Eq. (5)«8) (Armeen et al., 2008).

Mass-in = Mass-out + Accumulated-mass (4)
Mass balance of HCN gas

The reaction of HCN oxidizing by biodegrading bacteria was shown in Eq. 5 and the
calculation of mass was shown in Eq.6

6HCNigir + 702 — NHi + NOy + 2NOy + 4C0O: + Hs0 + HONguw® CN™ (5)

Qx([HCNjp1er [X6) = Qx[HCNgutier] | ([NH3J{NO3 [{INO7|x2)-[CN=]) %V
Vi Vin ' 1000%V g

(6)
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Mass balance of HsS gas

The reaction of H:S oxidizing by biodegrading bacteria was shown in Eq. 7
and calculation of mass was shown in Eq.8

2H:Sume + 2.50: + COs — SO + HaSeate + H20 + CO» (7)

Qx([H2Smiet]x2) _  Qx[HaSoutiet]  [SOI7IXVw (8)
Ve Ve 1000 XV
Where HCNg is mlet HCN gas concentration (mg/L), HCNoue is
outlet HCN gas concentration (mg/L), Va is volume of packing media in
bioscrubber (m’), NH: is ammonia concentration (mg/ L), NO: is nitrate
concentration (mg/L), NO: is nitrite concentration (mg/L), CN° is residual
cyanide concentration (mg/l), Vi is volume of solution media (mlh),
H:Siiee s inlet HaS gas concentration (mg/l), H:Soue is outlet H:S gas
concentration (mg/L) and SO.” is sulfate concentration (mg/L).

3. Results and discussions
3.1 Removal efficiency of dual fixed-film bioscrubber in short term operation

In short term experiment, although the gas concentrations and loading rate
were increased from 5 ppmy to 15 ppmy, the elimination capacities of dual fixed-film
bioscrubber still increased and also it reached the highest removal efficiency (Fig. 2,
Table 2-3). When the packing media height was decreased from 0.24 mto 0. 16 m,
the gas loading rate was increased. At 15 ppmv, especially. this bioscrubber exhibited
very high elimination capacity. The HCN gas loading rate increased from 12.24
mg/m*h to 15.60 mg/m*-h and the maximum elimination capacity reached 15. 06
mg/m*-h. In addition, the H-S gas loading rate increased from 69.73 mg/m*-h to 88.70
mg/m’-h and the maximum elimination capacity was 87.30 mg/m’-h (Fig. 2). The
results found that the removal efficiency of each gases achieved higher than 98%, it
might be due to these gases can be oxidized and transformed to nitrogen and/or sulfate
(Ebb, 2004) . The HCN gas can be degraded by cyanide degrading bacteria, a mixed
culture of Agrobacterium tumefaciens SUTS | and Pseudomonas monteilii SUTS 2.
The by-product of this reaction might be ammonia (NH;). nitrite (NOy’), and nitrate
(NOs™ ) that be found in this bioscrubber. When the gas loading rate increased, the
concentration of oxidizing products also increased such as NOs” was higher than NH;
and NO; These by-products could be easily utilized as nitrogen source by microbes,
especiallyammonia (Kunz et al., 1992; Wang et al., 1996; Kao et al., 2004; Dzombak.
2006). On the other hand, the HaS gas can be utilized by sulfide degrading bacteria,
Acinetobacter sp. MU1_03 and Alcaligenes faecalis MU2_03. The by-product of this
reaction might be sulfate (SO.*) which is a stable form of h hydmgen sulfide oxidation
reaction and show a higher concentration during the increasing loading rate. After
this operation, the cyanide and sulfide degrading bacteria slightly decreased from
5.80 x 107 CFU/ml to 2.90 x 107 CFU/ml and 2.32 x 10* CFU/ml to 1.70 x 10*
CFU/ml, respectively. However. these bacteria still exhibited very high efficiency
when the optimum condition reached at 15 ppmv and 0. 16 m of height with empty
bed retention time (EBRT) of 132 sec which did suitable operation for this system.
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Figure 2. The relationship between HCN and HaS gases loading rate and elimination

capacity in each packing media height.

Table 2. Removal efficiency and oxidizing compounds of HON removal in short term

H, S GEC (mg /m*-h )

experiment.
Packing HCN HON RE NH, NO; NOy Residual
media height outlet CN
(m) inlet (%) (mg/L) (mg/L) {mg/L)
mv L
Gpo) (ppmv) (mg/L)
5 010 9800 220+ 0.4 0.120.03 3602030 2202220
0.16
15 0.10 99.33 330+038 008002 5408030  6.602020
5 ND** 20099 2051009 016002 4.00:023 5132243
0.24
15 0.10 9933 2284013 0.09:0.02  5.00:020  8.00:2.56

*The values are shown in mean£S.D. and average in [-3 h.

** N.D. indicates that the compound was not detected (at detection limit 0.01)
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Table 3. Removal efficiency and oxidizing compounds of HaS removal in short term
experiment.

Packing modia H:S H:S RE SO~
height (m) inlet outlet (%)* (mg/L)
(ppmv) (ppmv)
0.16 5 0.20 96.00 26.40:2.45
15 0.20 9% 44 29.60+0.36
0.24 5 ND** 29999 17.00:434
15 0.16 98.88 23.40+0.48

*The values are shown in meantS.D. and average in -3 h
*#* N.D. indicates that the compound was not detected (at detection limit 0.01)

Table 4. Mass balances in dual fixed-film bioscrubber for short term operations.

gas Gas Packing Mass-in Mass-out  Accumulated
(m)
0.16 21.66 0.4 21.26
5 0.24 16.98 0.4 16.58
0.16 93.60 6.91 86.69
HCN 15 0.24 73.44 5.31 68.13
0.16 360 12.10 19.50
5 024 27.02 5.60 21.42
H.S 0.16 177.40 14.20 163.20
15 0.24 139.46 8.50 130.96

3.1.1 Mass balances of gas concentration 5 ppmv

The degradation processes in dual fixed- film bioscrubber divided into two
substrates that was hydrogen cyanide and hydrogen sulfide column, so the mass
balance calculations were determined according to individual column. The mass
balance of hydrogen cyanide followed equation 5 and 6 whereas hydrogen sulfide
followed equation 7 and 8 depending on substrate or mass-in and by-product or mass-
out (table 4). At packing media height 0.16 m, HCN mass-in was 21.66 mg/m*h and
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mass-out 0.4 mg/m’+h that was approximately 2 % of total mass while H:S mass-in
was 31.60 mg/m’+h and mass-out 12.10 mg/m’+h that was approximately 38%. When
the packing media height was increased to .24 m, the gas loading rate of each gas
decreased to 16.98 and 27.02 mg/m’+h of HCN and H:S gas, respectively. This
caused the mass-out of each column slightly decreased, especially for hydrogen
sulfide column. Furthermore, some mass might be accumulated in the system and
evaluated in term of accumulated- mass (Gao et al., 2012). Therefore, the
accumulated- mass were determined and found that the accumulated-mass in HCN
column was approximately 97-98% whereas the accumulated- mass in HaS column
was approximately 62-77%. In addition, the numbers of attached cells in biofilm were
in the trend of increasing from 2. 16x 10* CFU/ml to 2.90 x 10* CFU/ml. It means
that the cyanide and sulfide degrading bacteria accumulated and utilized these
compounds for their growth.

3.1.2 Mass balances of gas concentration 15 ppmy

At 15 ppmy, the increasing of gas loading rate revealed the mass-in, mass-out,
and accumulated-mass were higher than that of 5 ppmv (table 4). In addition, the
mass-out was in the trend of increasing, it means that the mass-out was depended on
the gas loading rate. For example, the HCN mass-out at 0. 16 m of packing height
(loading rate 15.60 mg/m’+h) was 6.91 mg/m*+h higher than that of packing height
0.24 m (loading rate 12.24 mg/m’+h). These results indicated that the mass was
accumulated increasingly in the system. [t might be due to the increasing of
absorption rate of substrate and by-produet in dual fixed- film bioscrubber system.
However, this accumulation also related with the number of cells which found that
the total cells of these bacteria shghtly decreased from 2.45 x 10* CFU/ml to 2.00 x
10* CFU/ ml during the increasing of loading rate. Therefore, when the gas
concentration was increased from 5 ppmv to 15 ppmv, the substrate and oxidation
reaction rate also increased which affected the concentrations of accumulated- mass
and by-product from the oxidation processes (Armeen et al., 2008).

3.2 Long term operation and mass balances of dual fixed-film hioscrubber

This experiment was studied the optimum condition of gas concentration at
15 ppmv, packing media height at 0.16 m on 72 h of operation time. The mass-in of
HCN and H:S were 93.60 mg/m*h and 177.40 mg/m*h. The mass-out of HCN and
H:S increased within 24 h but it was slightly decreasing after that time (Table 5). The
average of HCN mass-out was 7.30 mg/m’+h while the H:S mass-out was 14. 80
mg/m’+h. In addition, the hydrogen cyanide elimination capacity slightly decreased
from 15.45 to 15.21 mg/m’sh whereas the elimination capacity of hydrogen sulfide
decreased from 88.32 to 84. 70 mg/m’+h. Therefore, these results affected the mass-
out in all operations. On the other hand, the accumulation of mass was approximately
86. 30 and 162. 60 mg/m’+h of hydrogen cyanide and hydrogen sulfide column,
respectively. The compounds from degradation processes might be accumulated into
the cell of bacteria. The hydrogen cyanide (HCN) was the best sources of carbon (C),
hydrogen ( H). and nitrogen (N). These are the major elements which serve eithera
structural or functional role in the bacterial cells (Singleton, 2004; Zimmo et al.,
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2004). Carbon is the main constituent of cellular material that is 50% of dry weight,
hydrogen is the main constituent of organic compounds and cell water that is 8% of
dry weight, and nitrogen is the constituent of amino acids, nucleic acids, nucleotides,
and coenzymes that is 14% of dry weight (Alberts et al., 2002). Furthermore, if the
bacteria is an aerobic microbe, oxygen will be the most importance for the
degradation process because oxygen is an electron acceptor in aerobic respiration and
it is 20% of dry weight of cell. The oxygen might be found in the form of water in
bioscrubber system. For hydrogen sulfide ( H:S). in addition to hydrogen, sulfur is
also the major element of cell. Sulfur is constituent of cysteine, methionine,
glulathione, and several coenzymes that are approximately 1% of dry weight
Therefore, these elements could be utilized and accumulated in the bacterial cells.
The number and weight of cyanide and sulfide degrading bacteria are shown in Fig.
3. The cyanide degrading bacteria, Agrobacterium tumefaciens SUTS 1 and
Pseudomonas monteilii SUTS 2, was approximately 107 CFU/ml until the end of
operation whereas the sulfide degrading bactena, Acinetobacter sp. MU1_03 and
Alcaligenes faecalis MU2_03, was in the trend of decreasing from 10* to 10" CFU/ml
(Fig. 3). In addition, the removal efficiency of hydrogen cyanide (99.06%) was higher
than that of hydrogen sulfide (98.66%). This might be due to the HCN serve as a sole
source of carbon for the cell growth whereas H.S reach only sulfur and hydrogen for
the cell.

Table 5. Mass balances in long-term operation

160

Gas Mass 6 24 36 72 Average
h h h h (mg/
m’+h)
Mass-out
HCN (mg/ 1'sh) 6.27 8.01 720 7.58 730
Accumulated-
““ﬁ,‘h“)’g/ 8733 8559 86.4 $602 8630
Mass-out
H:S (mg/mish) 1455 16.85 15.14 12.74 14.80
Accumulated-
““i‘h")‘g/ 16285  160.55 162.26 16466  162.60
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Figure 3. The number of bacteria cells in long term operation.

4. Conclusions

In this study the suitable condition was gases concentration 15 ppmv, packing
media height 0.16 m, gases loading for HCN and H:S gas were 15.60 and 88.70
mg/m’s h respectively. The removal of HCN and H»S gases by dual fixed- film
bioscrubber achieved to 98% in short term system operation while in long term was
exhibited more than 96%. In order to evaluate the biodegradation system
performance, the mass balances should be applied not only mass-in and mass-out
calculations but also the accumulated mass in the system. The degrading bacteria
could utilize the toxic gases in oxidation form in nitrate, nitrite, ammonia and sulfate,
it cause of height concentration of accumulated mass more than 70% in each

experiment.
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