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Special Project Title Study on Removal of BTEX using Biofilter
Name Mr. Kao-Na Pongsagul
Department Chemistry Faculty of Science
Program Environmental Resource Chemistry
Academic Year 2004
Special Project Advisor Dr. Suwannee Junyapoon
Special Project co-advisor Dr.Jochen Amrehn

ABSTRACT

The objective of this special project is to study a removal of BTEX using biofilter. The
experiments were based on a laboratory-scale biofilter. Two different media packing materials
used in this study were coconut fiber and scraps of tree root. There were two biofilter systems :
with adding microorganisms and without adding microorganism. Air flow rate was 4.3 1/min.
Temperature, pH, moisture contents, pressure loss of both systems were investigated. The influent
and effluent of air samples were collected for BTEX analyses.

The results of study for 49 days, optimum conditions of the systems were pH of 5-6,
temperature of 28-30 °C, and moisture content of 70% and little head loss. This study concluded
that coconut fiber and scraps of tree root were appropriate to use as a media packing material of
biofilter. The BTEX removal efficiency was approximately 80.7-97.7% when the treatment
period was 28 days. However, the removal efficiency tended to decline. As the amount of
microorganisms in biofilter with and without adding microorganisms was similar, the removal of
BTEX should cause from adsorption only. Therefore, the removal efficiency decreased because

of adsorption efficiency of media material was decreased.

Keywords: Biofilter, media packing materials, BTEX
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1,1,1,2-Tetrachloroethane

Bromoform

Glycerol trichlorohydrin

1,1,1-Trichloroethane

Bromomethane

Hexachlorobutadiene

1,1,2,2-Tetrachloroethane

Carbon tetrachloride

Hexachlorocyclopentadiene

1,1,2-Tetrachloroethane Chlorodibromomethane Hexachloroethane
1,1-Dichloroethane Chlorocthane Methylene chloride
1,1-Dichloroethylene Chloroform Neoprene
1,2,2-Trifluoroethane Chloromethane Pentachloroethane
1,2-Dichloroethane Chloropropane Perchloroethylene

1,2-Dichloropropane

Cis-1,2-dichlorocthylene

Propylene dichloride

1,2-Trans-dichloroethylene

Cis-1,3-dichloropropene

Trichlorotrifluoroethane

1,3-cis-dichlor-1-propene Dibromchloropropane Monochlorobenzene
1,3-trans- dichlorpropene Dibromomethane Tetrachloroethylene
{(Perchloroethylene) (PCE)
1-chloro-2-propene Dichlorobromomethane Trichloroethylene (TCE)

2-butylene dichloride

Dichloromethane(DCM)

Vinyl chloride

Acetylene tetrachloride

Ethylene dibromide

Vinyl trichloride

Bromodichloromethane

Fluorotrichloromethane

Vinylidene chloride
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undefiuives BIEX —Tid1fnfe i wasHAe R e Tnsiduy wusilusii
Womaa i1 4a 1T Brex ifuesiilsznouiseann 18%6vw) (g 20 Tnofl m-Xylene
Wusadilsznougaga 109aelie Tolsene (317 2.2) o813 )snm dadauves BTEX 1u

4 o = 3 1o ) a
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Cther BTEX
Hydrocarbons 18%
82%

T 3 ¥
s 2.1 nlefigudlasiminyes BTEX huhifumasnandamntl lasidoy [5]

Ethylhenzene Benzene
p-Hylene 1% 1%
9%
Toluene
26%

m-Aylene o-Xylene
3% 12%

Qs [

i v
s 22 dadrwves BTEX luhifuuazniadusitl Tnsido [5]
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AaENTANIMEMnLaznivesaslsznoy BTEX

AuANIAN1INEN N LaziAliveer1si)sznou BTEX uaadaansan 2.2

M3 2.2 audaneanennuazialuesa1slsenay BTEX [5]

Benzene | Toluene | m-Xylene 0-Xylene Ethyl benzene
CHy [
SCEAGERGERY ' @-%ﬂfﬁ
oy
qﬂj!)ﬂﬁ C6H6 CTHS CSHIO CSHlo CEHIU CSHIO
wmiinluana
78 92 106 106 106 106
[g/mole]
AIN1TAZA10
1700 515 < 175 198 152
[mg/1]
AU 1D
95.2 28.4 - 6.6 - 9.5
(at 20°C)[mmHg]
ANUHUIL
. 0.8787 0.8669 0.8642 0.8802 0.8610 0.8670
N (at 20°C)
Auilszanims
NTLIBAITLHIN
¥ 2.13 2.69 3.20 ok d .15 3.15
pOAMINDALAZYN
(at 20°C)[log Kow]
ANINUVDAUTUS
(at 25°C) 0.55 0.67 0.70 0.50 0.71 0.80
[kPa*mS/mol]
t:!.r:" lc.\lu;.{ |d3 qu’; ldg lt:!:f, Idus:
AN Tigaa | g | s Taiiian Taiiain Taisian
HSA 154.08 153.35 154.09 154.66
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Inhalation
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Intake ' Intake
Linle s From
Crops Water
Soil Skin
Vapors Absorption

s 23 dumamsdigiemevosaisuaiy [5)
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T aWa duanugueg 019
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Xylene (dimethylbenzene)
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2.3.2 izﬂﬂ@ﬂ‘ffﬂ (Adsorption)

= o/
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£ ]
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1) MIGAY (Adsorption). 1 Biofilter LaziiAn15LWs (Diffusion) Lﬁﬁﬁqq Unsy
¥
2) m'sﬂﬂcﬁ'u (Adsorption) 11 Biofilter UAZINANIIAAAAKIAING N INUUIZINA
E1)
NIZUIUATNN Cell uptake 1101& Exoenzymatic degradation
= 3y 1 oa = o A E:
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2INANN VOCS

1901113 ‘
1NAINA 02
y @
e

[ T n' 1
malidinau 1wy co,

A G a '
ﬂ]ﬁﬂuﬂ?’lu!ﬂuﬂﬂﬂﬂﬂ& 37

H,0,NO; ,(SO,),

{ o o a = o '
gﬂﬁ 2.4 ﬂﬂhlﬂﬂ’lﬁﬂ"l%ﬂﬁ'ﬁﬂu‘lqﬁﬂiil‘ﬂUﬂ"lﬂ‘ﬂﬂﬂ53UUﬂi@\1@1ﬂ1ﬁLLUU%’Jﬂ1W [6]

Air Phase

Concentration at air-water Biofilm

Contaminant

interface

Adsorption by

biomass and biofilm

’Diffusion in water

Uptake by

cells O

Absorption by

medium organic Adsorption to

medium surface
matter Diffusion to adsorption in deep pores

;:; o o a e T
E‘lJ"ﬂ 2.5 ﬂﬁllﬂﬂﬁﬂ'l%ﬂﬂﬁﬂu‘ﬂ?ﬂﬁ$L°PTEJ\1'IEJ"U'EN‘5Z‘lJ“JJﬂ‘iEI\‘]’E‘NﬂTf’TLL‘]J‘U%'JﬂWW (2]
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2.5 ﬂﬁiﬂﬁﬂﬂﬁﬁfﬂﬂ]iﬁNHJ‘U!’EN‘ixllilﬂiﬂdﬂiﬂ1ﬁlmﬂ§’3ﬂ1w

2.5.1 QAUNIAUIZVUNIDIDIMALLUTINW

A

a 6w 2 a ad i L 2 qu
yaunIgnUaulumsnda VoCs az1iugaunidlszinn Heterotrophic bacteria &4 1%

o o oA o

asounIdiuuvdandanuy gaunsondinglunisiia Biodegradation Tuszuunseseins

¥ 1A Actinomycete, Clostridium sp, Nocardia, Pseudomonas sp. Wag Thiobacillus

= a a d " c{yn.r @ @ A o @ a
sp. Fyaunsdmartgnazwun i ludnarsiiluiaasssuana [7]

2.5.2. W0¥ (pH)

4

a a = a g @ o a q’f =2 g v o
%umm%ﬂsmmmm@auwiﬂﬂzﬁﬁuﬂu pH 929770819 AdUU pH vutuilodedne

a

A& Ao 1 a o o =1 =
Usgmanilantnaaotlsg@nsnumsiaueesse Uy Wey (pH) MMugaNvoIseuunIng
DINALUUTIN WMz ey e pH 5.0- 8.0 [8]

2.5.3 gamqi

v
o w

= =] @ o ala a o = ~ o '
E]‘MWﬂlJﬂﬁlﬂu@ﬂﬂflﬁ]Elﬂﬁ’lﬂmiuﬂ’ﬁﬁﬂ'ﬁﬂ“]f’)ﬁ] UAZINNIIUIUY DO UNTY Tﬂﬁ]‘]ﬁ?\?

9 o

L. »

= =

gavginmnzeunwluszuy fie 509 45 ssraEea [9]

2.5.4 ATIHYY (Moisture content)

3 .l 7 1 A a o .
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a ~ =t ‘g ey a o kY a a 9y
‘]J'iiﬂill“lflmﬂﬂs‘iﬁ‘n ﬂ'liiJﬂ’J'I&J“H‘l«!iJ"lﬂ‘ﬂ'iﬂuﬂﬂ&ﬂuqﬂﬂﬂ'ﬁﬂSB’dWﬁﬂ'l“W‘UElﬁBU‘UE}@]EN 134

3 r F
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[ é’!’ Y r—‘.} =) d%} o' = o 3 o = = a
duld Tuvmginaianududuiu i ldmshouenfunisanas wazifaany

3 ¥ A 4 g ar o 7 o g
M3 arlures (Channeling) Aumelusudnais Jasnalaludy danansaziinnuiuanag
A w 3 =2 9 a zg Yo w é’l} o o 9
5o8 9 Aniusrpuina NI IAiuAINae Mmamuguaneiuludraeminsoildlae

o & 4 g w & N Y2 A i
mauanuiuluemandigainae taz/mse msdanuihadldludinanlaeese szay

:g Y e o Y] a = d 3 1 d%l
ANNFUVBITINA NI NS T U aUVE BvERee NN 50 % YTl [10]

2.5.5 ANNAUGAYTBUBIAING 1S (Media headloss)

Ed 4
MAnuAUgYdsiazTuegiUYLIATEIAIAGI ATUNTUVBIAINGI LEZA1TRARY
o y a a = 4 o Ao T =1 Y
YoaINmIulInINMInsyau lavesgaunsos  Anmeidvuangszdianuduniud
= w a9 1 shﬁs.’ m{q Y w =1 o E= o
Imsdadniosndt uagldiunAnNn tazhdnanianuwgumn sz lddsnnudugg
i é zag P Y a 1 A a 9 1
@odn waziinui IiiRansgesaaienesiine launndn [11]
@ o dy 1o [ 2 ) a = o w
mIgaAuvoIAINaNAIueynuilite 2 dszms Ao ¥iAueIaUNITIUAING1R LAY

= o d a A a Y g 4
MIZYTINNVDISZUY Yaunsdzidnlaldinnfiuinalndiugaeimmdvesszuy iieawin
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2.5.6 MIYUAIVBININAI
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£ [ 1
uanIN@INANUUTANMNNMIARIAT - Fazihlddinaufamsguduazdadiiumiv da
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WA lAA NN TIATYRITZ LU
2.5.7 9ATIMIIva (Flow rate) ABRMAANAIMIZUD (Empty bed retention time,
EBRT) [6]
v g .:;:?' 3| oA =2 @ s o 1 @
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= = 1A = qu ar
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° ' & a Ao Y 1 ~ 1 «3 o =
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“uﬁ pH
S&‘Llll‘ﬁl 1 'i&'i.lll‘ﬁ 2
1 5 5
3 5 5
5 5 5
7 3.3 it
g 5 5
11 55 5
13 3] 5
15 5 =
17 5 5.5
19 3 5
21 5 5
23 DF 5
25 s 5.5
20 5% 5
29 5 v
31 : F
33 z -
35 = -
37 5.5 5
39 3.3 5
4] 5 5.5
43 5 5
45 5 5.5
47 3.3 5.5
49 5.5 5
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fuii RN (PIAIBATON)
33UV 1 ST 2
1 29 29.5
3 29 29.5
5 29.5 29.5
7 29 28.7
9 29 28.7
11 29 28.8
13 29.5 28.9
15 29.5 28.7
17 29.4 28.9
19 29 29.5
21 29.3 29,1
23 29.1 29
25 20.4 29.3
M| 28 29
29 28.5 29.5
31 . -
33 - -
35 - -
37 29 29.5
39 29.7 29.3
41 29.2 29.4
43 29.8 29.6
45 29.5 29.1
47 29 29.3
49 29.1 29.4




4
A15149 N-3 ANUFUVDITEUUNTOIDINIALLLFININ

38

Sudi - T (%)
FEUUN 1 sEUUR 2
1 84.7 35.5
3 85.8 41.22
5 80.5 54.1
7 79.5 71
9 777 76.7
11 715 hs
13 7.5 74.5
15 75.5 71.5
17 79 78.2
19 73.2 74
21 75.3 75
23 77.0 75.6
25 76.3 725
27 @h° 70.5
29 'f4.5 723
31 A 4
33 . .
35 . -
37 68.5 7 64.3
39 71.5 71
41 72.5 72
43 %) 71.5
45 73.5 72.5
47 75.7 73.7
49 755 75
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3’u17i ANUFIVDITEUY (Lnﬁuﬁmm)
'§$"Ll‘ll“ﬁ 1 ‘az‘uuﬁ 2
1 111.7 112.8
3 111.6 L2
3 e 1123
7 111.3 112
9 1111 111.7
11 111 1118
13 110.9 111.3
15 110.7 111.1
17 110.4 110.9
19 110.2 110.6
21 110 110.4
23 109.8 110.1
25 109.7 110
217 109.6 109.9
29 109.3 1097
31 3 4
33 = -
35 z 3
37 108.5 109.0
39 117.7 119
41 117.5 119
43 117.3 118.8
45 117 118.6
47 116.9 118.5
49 116.8 118.3
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s ANUAUYLEY (ﬁaﬁmmﬁyw)
30T 1 3uui 2
7 0 0
9 0 0
11 0 0
13 0 0
15 0 4
17 0 g
19 1 0
21 1 ¢
23 1 :
25 1 )
27 B y
29 2 1
31 - -
33 . h
35 ; 4
37 4 i
39 4 2
41 5 2
43 5 3
45 5 *
47 3 4
49 5 *
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Ui UseANTMNUDITZUY (%)
syuvdi 1 ssuuii 2

0 _ ;

7 _ .

14 94.7 97.7
21 83.4 87.6
28 80.7 84.3
35 - -

42 52.7 54.7
49 415 478






