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52910268: MAJOR: CHEMICAL ENGINEERING; M.Eng. (CHEMICAL
ENGINEERING)
KEYWORDS: BIODEGRADATION/ LINEAR ALKYLBENZENE
SULFONATE/IMMOBILIZED CELLS/ BIOREACTOR
SARAYUT PETRA:BIODEGRADATION OF LINEAR ALKYLBENZENE
SULFONATE BY AOS-15 MICROORGANISM.ADVISORY COMMITTEE: WITAWAT
JANGIAM, Ph.D., TONGCHAI SRIWIRIYARAT, Ph.D.,, SOMCHAI DARARATANA Ph.D.
76P.2012.

Linear Alkylbenzene Sulfonate (LAS) is an anionic surfactant, which most widely used
in synthetic detergent ingredients and released to the environment in large quantities, The
microorganism AOS-15 was isolated from the wastewater treatment plant of Lion Corporation
(Thailand) Limited. A biodegradation of LAS by AOS-15 was studied. The free cells of AOS-15
were examined for their capabilities on degrading LAS under various conditions.Calcium alginate
technique was applied for the preparation of immobilized cells. The efficiency of LAS
degradation was monitored in batch and continuous bioreactor experiments with tensiometer.

The kinetic of biodegradation was optimized at the best conditions of experiment. The results
revealed that up to 3 g/LL of LAS was proper with 65.35% degradation. Furthermore, AOS-15
showed high removal efficiencies at pH 7with 68.24% degradation. The suitable of cells (g) for
degradation was 2.1 g. with 70.56% degradation. LAS could be degraded by AOS-15 up to

80-96% in 80 hours of continuous study. Kinetic model of the biodegradation of LAS gave
0.0540s

reasonable fit of the experimental data; —75 = 1029945
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Raw material intermediates Final surfactant type

Benzene Linear Linear alkylbenzene
alkylbenzene sulfonates (LABS)
Normal paraffins Secondary alkane
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Paraffin waxes Linear c-olefins | w-Olefin sulfonates
Fany acids Fatty amine oxides
Fatry alkanol amines
Natural fats
Alkyl glyceryl
ether alcohol
sulfates

Detergent-range
linear primary -
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j ethoxylates

Ethylene

Ciiylene oxide Alcohol ether sulfates
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MITOUNIO + O, > CO, + H,0 + WiauuIn (Acrobic) (1)
MIDUNIT + NO, > N, + H,0 + Wis a1y (Facultative)  (2)
M13BUNIE + SO, - > HLS + HLO + WAy (Facultalive)  (3)
T15BUNTD + CO, > CH, + H,0 + waiauies (Anacrobic)  (4)
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3.2 %9991 2 Acceleration phase YPNTOIUITUNITOIYUVOITEUNITY INNTWH
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2.9 azmu A NI msdfoundauesmans 1M gz IRVAUBYIININ LEAITISIHIY
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yAuNItReY 7 I

313 1397 3 Exponential phase ﬂmﬁmuﬁﬂzﬁﬂmﬁuﬁmmmmiﬁuﬁﬁ
adhaun wsae luinnd Aeuutasesisasnissi g ume Frafeuiiazisng
msdeuaaiums Sunt v owan subsvaie hkufiugsiiaa Tawyivlu e unaofauiii
FI9TNIIZAIN (Steudy state) AOALTIRIMMUMULLAAGA T S oA IR LT UAZNBUAT
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3.4 $99% 4 Declining phase ﬂhu-ﬁ%ﬁﬂzﬁﬁwuauﬂﬁum§ﬁﬂaﬁ Tauiions
msiasumeaos 4 anns iesnnnamssund fuhidefioraung wafans
azava sy lugdunsdioado
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3.5 %737 5 Stationary phase mamﬁ’m%uﬁwmuﬂaumumm Taoligan

MRS YIINUBRTINITA Y

[ I

1 1 [ r:‘ g = s & o
3.0 ‘U’Nﬁ 6 Endogenous phase ¥1NNHAN WDATINITAINUVDITOUNTUNUWINNIN
= o 1 e = o 41 e a = Py [
VINNTAR 2-9 3zmiu A NA19R I Y uWIziada AL ApaIuIugRuvId luszuuAon 9
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nsznumMsth i udadiedIEneiina s g aafvednd, 2537)

nszuaunThiaduiedeTined e SogdauiunareTs Taoaunsauioon
It 4 ﬂ?:j‘il.!ol“ri‘ﬂui 9 AD Acrobic processes, AnOxic processes, Anacrobic processes U
Acrobic/ Anoxic (Anacrobic/ Acrobic processes) c’ﬁa"lumﬂzﬂ?cjwﬁmﬁurfammﬁ DUIADBNATY
3 S::‘H'H%mg' g b Suspended-growth systems, Atlached-growlth syslcms 002 Suspended &
Attached-growlh systems Tuu@azszLUAINAITIT5oLunoan ladnratunu ﬁum;jﬁu
AyaEmsIOuYeesE UL Srised un 18E 3o

1 Acrobic proccess

LT 52UV Suspended-growth
I.1.1 Aclivated sludge processes
1.1.1.1 Conventional (Plug flow type)

1.1.1.2 Continuous-How stirred lank



{.1.1.3 Siep acration
1.1.1.4 Pure oxygen
1.1.1.5 Comact stabilization
1.1,1.6 Oxidation ditch
1.1.2 Suspended-growth nitrification
{.1.3 Acrated lagoons
1.1.4 Acrobic Digeslion
I.1.4.1 Conventional air
1.1.4.2 Purc oxygen
[.1.5 High-rate acrobie algal ponds
1.2 3¥UU Attached growth
1.2.1 Trickling filters
1.2.1.1 Low-rate
1.2.1.2 High-rate
1.2.2 Roughing Filters
1.2.3 Rotating biclogical contactor
1.2.4 Packed-bcd reactor
1.3 35UV Suspended & Attached-growth
1.3.1 Activated sludge & Trickling lilter
1.3.2 Trickling filter & Activaled sludge
. Anoxic processes
2.1 32UY Suspended-grovwth
2.1.1 Suspended-growth denitrification
2.2 38UY Attached growth
2.2.1 Fixed-film denitrification
. Anaerobic processes
3.1 33U Suspended-growth
3.1.1 Anaerobic digestion
3.1.1.1 Standard-vatc, singlc-stage

3.1.1.2 High-cale. single slate



3.1.1.3 Two-stage
3.1.2 Anaerobic contacl process
3.2 ¥UU Attached growth
3.2.1 Anaerobic filter
3.2.2 Anacvobic rolating biological contaclors
3.3 STUVUBRITNTIA
3.3.1 Anaerobic lagoons
4. Acrobic/Anoxic #3D Anacrobic/Acrobic processcs
4.1 32UU Suspended-growth
4.1.1 Nitrification-denitrification
4.1.2 Phosphorus release-uptake
4.2 3¥UY Attached growth
42,1 Nitrification-denitrification
4.3 STUVUDEISHYIA
4.3.1 Facultative lagoons
4.3.2 Maturation H39 Tertiary ponds
4.3.3 Anacrobic-facultalive lagoons
4.3.4 Anaerobic-facultative-acrobic lagoons
7 q'a:: 1 | = o =
ﬂ‘i]'ﬂUTlﬁJNﬁﬂ@ﬂ1§ﬂaﬂﬁﬁ1ﬁlﬂ1ﬁ’ﬁ]ﬂ1wm@\131‘5@1471‘3?_1
b 3 QI v A =1 d
1. ANMNVUTNAUUDITITOUNTD
a ES ~ ' ] ar : i o AW w
W3 uaenssunsdiavdunlylumsvosamoilutiisnilafdinsi3tuduun
A =Y BN ° ¥ a & ;A ) ="
ioannlsuaensauns oimngauazi linadss innalunisvosemogaga nini
v a o o Yol = s & A ' ~ (7 ' o = =
WBwnmieeau v il semSamganas wsszinan 1w luqua lumsautuazuu vie
LT @ yod a LR 1 - o o & = a Y = a o a &
o1nUSuaunndn hlfdsgyi IiluRuiudnaunidi gy auvis deanenaz Tl sz ansnm
' ° = = x| <A o moow 4
Tunsgesaaisdla Hauie larnmsanignusan 1wt UG uduYed Ing Tnlelulasd
LA ' 5 & ad N w2
(Propionitrile) 7 14 lun1sgpoaa1n JavyAUEE Kiehsieliu oxywea toulFnnudutuEudy
é 1 5 9 Qs Y] ' 1y o
25,50 1A 100 mM danua1na 3 szuulaiind s Tuminulumsdesaainns lulelulesa

4 = e ; s
UNUA AITUAANITVTLEUAY 100 mM daminzauigalunsduiiugzuy (Chen, Chen,
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Fingas & Kao, 20 10) uazdslianudteh ldanuinisdevaaioiuealaoydunid Peeudonanas
o = Qs ar i =
putida NYNHSIUUAITBIT Polyvinyl alechol (PVA) gel Taufinyinnuauduisnaduvey
Fuaanegluag 5-150 Daansumoaas nunAnMududuE LAY 75 Tadniudodas
Tfsz@nBamnsa00a0g9ga (K1-Naas ct al., 2009)
2. AR
= < = v ae ' o oo ] =4 &
mreniuantatvilunarodszaniniwlumsiosaaion1adniw iiesnn
- a s o 9 EA a 4 | a oo Y o a a =
vawvis g lanuininannaiesie Fuanzstiangovaaio laonfilszaninima
aauena1anuhl TauisvaTnmnanssnuveamieahinenstasaaisilusa
= = d ' PN
ﬁ?UﬁﬂUV\SU Acineiobacter sp. XAQS UDE Sphingomonas sp. FG02 WU sEANTNIN
¥
Tunsgesamogalugisiifiey 7 uag 8 (Liv, Zhang & Wang, 2009) Bnagafinisiinun

= =

] L4 = as s !
msgauaas Cu(Tl) Taogauvsd Baso gNaTauuaIsasil Composite polyurcthane W31

q

Ystm A

1 o = 1 = add
mwsngovaale AN R WIAY 6 (Zhou, Li, Bai & Zhao, 2009) vz I 19 AUNT J1
fusmariisziniawlumsdovaawldgeimfeaiunnaiseonll awadavoaaunsd
¥ aa o = A g oW =
Mumalitsdoaiimsinyune s weazimy iz ay

d
3. Y3snauaan
¢ m o omg Y ] o . BN - | &
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wilaTaovia IdsznaunUsnasadonnnes I ssansnmlunsdesamoga selunig
W Y = 200 SR SR A0, = ¢ F oy ¥ oa
navAunldFuaiuindulhzasadomlanielunises visaduiniudiy Anuag
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o d) ¥ & I's oA o @ 9 = oo Al YPd
fuiludosmnuSnamaayduisinmmzaulumsdutiussundn Tam3sen Idmmm
o g a s d = 1 4 3 F

taglSuausad 1auvial K oxpoce Al unissovaatslaorlug (Cyanide) Tuvingo

¥ o a m w H a v & LA g o«
Taols S urousaa 10,70 uaz 42.80 HAANTUUBIHIU LN RALV S AIwU N AUT I aa
42.80 ndansw 4 MU dninmlunisdovaasfedooay 22 TuameilS uinumas 10.70
Taaniu 9 IdlszaninwlunsvoseaioAosisvay 14 (Chen, Kao & Chen, 2008) 1azsal)
maiiauvs ot 1t lumsdosaarnIns lwlolulasd TnoldSmauwad 11 uay 22
o oo o ¥ a ¢ oA o a a w a a A
VaANS NV IM IR ALY I WU NPT ueaa 22 Boansu 4 Dalszanininluns

tiaﬂﬁmv'lwa”1w1@"lu"lmﬁqan*h (Chen el al., 2010)
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M3UARIUANI (Carrier-binding method) nsaou g (Cross-linking method) HAENTS

WA (Entrapping method) Asiaaluniwit 2-10 (auly 75 1nn, 2545)
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(a) carrr’er-binding method
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{¢) entrapping method
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(b) cross-linking method
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(2) microcapsule type
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Abstract

Linear Alkylbenzene Sulfonate (LAS) is an anionic surfactant, which most widely used in synthetic
detergent ingredients, and is released to the environment in large quantities. Generally, it is
decomposed by a group of facultative bacteria. The main objective of this study was to screen the
facultative bacteria that highly effective for apionic surfactant biodegradation. Firstly, the bacterial
strains were isolated from sludge degrade many types of surfactant. Then, the selected bacteria that
has the best powerful to degrade of the LAS anionic surfactant was chosen. Many factors were studied
about the effect on biodegradation to find proper conditions. The result showed that
AOS-15 bacterium has the best ability to degrade LAS. It degraded LAS resulting in 2.156%
remaining (initial concentration 0.05 g/L) after two days of the degradation. After that, the optimum
conditions of LAS degradation by AOS-15 was tested i.e. initial LAS concentration, pH and cell
density. We found that the initial concentration of LAS was 3.0 g/L and it could be degraded resulting
in 34.65% remaining after two days. And pH 7 was the suitable condition for degrading of LAS which
was 31.76% remaining after two days. Lastly, the amount of cell that appropriated for LAS
degradation was to 2.1 g (per substrate 100 mL.) resulting 28.40% remaining after two days of
biodegradation.

Keywords: Biodegradation, Surfactant, LAS, facultative bacteria

nonionic and amphoteric surfactant. Among the
different types, anionic surfactant is the most
widely used as primary surfactant including
sodium dodecyl suifate (SDS), linear
alkylbenzene sulfonate (LAS), alpha olefin

1. Introduction

Surfactant or “SURFace ACTive AgeNT”
are organic compounds combined with
hydrophobic group which includes saturated
hydrocarbon, natural fatty acid, paraffin and

hydrophilic group are polarity or non-polarity.
When put surfactant into water, hydrophobic
group has reacted less than hydrophilic group
thus imparting emulsification, foaming and
particle suspension [1].

Synthetic surfactant has been produced in the
world amounts to 7.2 million tons annually [2].
It is used as major ingredient of synthetic
detergent for domnestic and industrial application
such as personal care product, cosmetic, food
packaging, petroleum  production and
pharmaceuticals, etc. There are mainly four
types of surfactant i.e. cationic, anionic,

sulfonate (AOS), alcohol ester sulfate (AES) and
fatty alcohol sutfate (FAS) [3]. Especially LAS
was used in global consumption of 18 miilion
tons in 2003 compared with 9, 1.7, 0.5, 0.1, and
2.4 million tons of soap, nonionic, cationic,
amphoteric, and other surfactants, respectively
[4].

LAS is a mixture of aromatic ring sulfonate
in the p-position and linked to the linear alkyl
chain (ranging from 10 to 14 carbon atoms) at
any position except terminal ones [5].
Wastewater containing LAS has been increasing
over the years from usage household product
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and other cleaning process. The LAS
contamination has a major impact on the
ecosystem into which it is released and also
toxic to aquatic life [6].

One of the most advantage technology for
treat wastewater containing LAS is biological
treatment because of low cost operation
compared with chemical treatment. It’s occurred
under aerobic and anaerobic conditions,
previous  research  has  shown  LAS
biodegradation by microorganisms including the
studies of pure culture or mixed culture bacteria,
kinetics of degradation and the use of some
technics for improved effectiveness of
degradation  ie. ultrasound  irradiation,
immobilization on different supports, and apply
to continuous system such as up-flow anaerobic
siludge blanked (UASB), fluidized bed
bicreactor, etc. [1, 5-9].

The aim of this research was to select the
microorganism from the surfactant industrial
sludge which has the best rate of anionic
surfactant degradation (SDS, LAS, AOS, AES
and FAS). Then study the optimum conditions
for the biodegradation of LAS i.e. initial
concentration, pH and cell density.

2. Experimental
2.1 Material

Synthetic media was modified from [10]
consisting KH,PO, 420 mg/L, K,HPO, 375
mg/L, (NH;»S0, 244 mg/L, CaClL.2H,0 40
mg/L, NaCl 30 mg/L, MgSO,.7H,0 30 mg/L,
FeCli,6H;O 3 mg/L and glucose [ g/L.
All media were sterilized by autoclave at 1.1
atm and 121°C for 15 minutes, HC! and NaOH
were used for pH adjustment. Most of
chemicals were purchased from Fluka
(Switzerland) or Sigma (USA) and other
chemical are analytical grade. All surfactants
(AQS, AES, FAS, SDS and LAS) were obtained
from Lion Corporation Limited (Thailand).

2.2 Surfactant determination

The critical micelle concentration (CMC) and
standard curve were used. Stock solutions of
AOS, AES, FAS, SDS and LAS (concentration
1 g/L) were subsequently diluted in LB media
and LAS was diluted in synthetic media also.
Make the final concentrations of 0, 0.01, 0.05,
0.1, 0.5 and 1.0 g/L, respectively, then adjusted
temperature to 37°C. The surface tension was
measured by tensiometer {Tensiometer K&,
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KRUSS de), with the unit expressed as mN/m.
Result of surface tension was plotted against the
concentration of the solution.

2.3 Screenming the microorpanism from
surfactant industrial sludge for
biodegradation of AOS, AES and FAS

A sample from surfactant industrial sludge
was serially diluted, spreaded on LB agar
consisting 10 g/L of individual AQS, AES and
FAS, and then incubated at 37°C for 12-16 h.
Then the colonies of bacteria were selected on
surface of the selected media and subcultured
into 3 mL. of LB media, and subsequently
unmobilized on the filter paper with the pore
size of 0.45 micron, and then transferred into LB
media containing individual AOS, AES and
FAS at concentration equal to CMC. The
solution was shaken continuously at 175 rpm,
37°C, for 2 days. A sample was collected and
filtered through the 0.45 micron fiiter paper, and
then the surface tension was determined by
tensiometer. The microorganisms were screened
from SDS and LAS obtained from recently
research [6].

2.4 Selection of the microorganism that had
the most powerful ability to degrade all
surfactants

The five bacteria selected from earlier step
were tested for the biodegradation of all types of
surfactant individually. Procedures in this step
were immobilized cell on the filter paper then
transferred into LB media containing surfactant
as an earlier method [6]. The effectiveness of
bacteria to degrade all surfactants was
determined by surface tension method.

25 Study the parameters for the
biodegradation of LAS by AOQS-15

The parameters that effect on the
biodegradation of LAS by AOS-15 were
studied. Firstly, the initial concentration that was
suitable for the biodegradation of synthetic
wastewater was determined by 100 mL.
synthetic media containing LAS. Concentration
of LAS varies from (.5, 3.0 and 5.0 g/L,
respectively. Bacterial AOS-15 was cultured in
LB media until log phase then cell was
separated by the 5,000 g centrifuge for 15 min.
The 0.6 g wet cell was used in degradation at pH
7. Secondly, the effect of pH on the degradation
of LAS was researched. The value of pH varies
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from 6 to 9, the wet cells 0.6 g. was prepared
from previous method and the concentration of
LAS started at 3.0 g/L.. Finally, the effect of an
amount of wet cell varies from 0.9, 1.5 and 2.1
g. Synthetic wastewater containing LAS 3.0 g/L.
and pH 7. In all experiment, an amount of
oxygen and temperature were controlled by the
incubator shaker at 175 rpm, 37°C for 2 days.
The sample was collected then precipitated cells
by centrifugal method and kept supernatant by
diluting equal to CMC concentration. The
surface tension was determined by tensiometer.

3. Results and Discussions

The CMC of AOS, AES and FAS were .04,
0.06 and 0.1 g/L respectively, when increasing
concentrations of surfactant the surface tension
was unchanged. It was found that the CMC of
LAS was 0.1 g/I.. The determination of standard
curve of each surfactant was conducted (data not
shown). The CMC concentrations were used to
determine the suitable conditions.

3.1 The most powerful microorganism for the
biodegradation of all surfactants

The microorganisms that isolated from
surfactant industrial sludge on selected media
containing AOS, AES and FAS by the
individual culture were AOS-01 to AQS-16,
AES-01 to AES-16 and FAS-0l to FAS-08
respectively, the colonies of all microorganisms
were selected by different morphology.

The biodegradation of AOS, AES and FAS
were summarized by using the results from
individual result of bacterial culture selected
from the earlier step. The capability of degraded
were expressed in disappearance of each
surfactant in 2 days. The best result of AOS,
AES and FAS degradation came from AQOS-15,
AES-15 and FAS-08 which AOS, AES and FAS
remaining 2.147%, 6.943% and 3.565%
respectively, then studied capability of
biodegradation of each microorganism for five
surfactants. The resuit was summarized in Fig. |
The best microorganism is AOS-15 because it
absolutely degraded five types of surfactant
especially LAS, with the remaining value of
LAS as 2.156%. This result is contributed to the
previous studies because AOS-15 has the
enzymatic activity for cleavage of the benzene
ring [11-13].
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Fig. 1 Biodegradation of anionic surfactant
by different microorganisms

3.2 Study the parameters for the
biodegradation of LAS by AOS-15

The parameters that effect on the
biodegradation of LAS by AOS-15 were found
as the following resuits.

3.2.1 Effect of initial LAS concentration
for LAS degradation

The initial concentration of LAS was 3.0
g/L and it could be degraded resulting in
34.65% remaining after two days as shown
in Fig. 2, With the increase of the initial LAS
concentration, the degradation decrease
increasingly.

LAS Rernaining (%)
E

0 L . .
[ LS y as 6
LAS Concentration (g/L)

Fig. 2 Biodegradation of LAS by AOS-15 at
different concentrations 1.5, 3 and 5 g/L)

3.2.2 Effect of pH for LAS degradation

Fig. 3 has shown different value of pH,
the effectiveness of degradation about 60-
68%. And pH 7 was the suitable condition
for degrading of LAS which was 31.76%
remaining after two days.
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Fig. 3 Biodegradation of LAS by AOS-15
at different pH (6-9)

3.2.3 Effect of cell density for LAS
degradation

o
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Fig. 4 Biodegradation of LAS by AOS-15 at
different cell densities (0.9, 1.5 and 2.1 g/L)
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Finally, the amount of cell that
appropriated for LAS degradation was 2.1 g
(per substrate 100 mL.) resulting 28.40%
remaining after two days of biodegradation.

4. Conclusion

The screening of the microorganism that has
a high powerful to degrade surfactants widely
used in the detergent ingredients in the
developing country, especially Thailand, is very
interesting to use with the surfactant degradation
in many situations. From this research, we
discovered a new finding AQOS-15 bacteria
which was the most powerfully degraded
surfactant and responsible for the further
applications.
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