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EXTENDED ABSTRACT

Introduction: Volatile Organic Compounds (VOCs), despite their small share in the
atmospheric pollutants, are the main cause of environmental problems and human health risks.
In the biological processes, all the pollution is converted into carbon dioxide and biomass. A
large number of industries discharge a mixture of pollutants such as n-hexane and methanol
into the atmosphere. The different chemical and physical properties of these materials affect
the rate of biological degradation and their removal efficiency by a specific microbial
population. Among these properties, the solubility of each component may affect the interaction
between the compounds during the biodegradation of the n-hexane/methanol mixture. To
overcome the limitation of mass transfer and the low solubility of hydrophobic VOCs such as
n-hexane in the water phase, it has been reported to be useful to add a non-aqueous phase (NAP)
to the culture medium to absorb the hydrophobic compound. According to the previous
research, it is clear that the presence of silicone oil as an NAP has a positive effect on the
simultaneous removal efficiency of methanol as a hydrophilic and n-hexane as a hydrophobic
pollutant. However, its effect on the kinetic of biodegradation of VOCs is not well known.
Therefore, this study aims to determine the effect of different volume fractions of silicone oil
on the kinetics of simultaneous biodegradation of n-hexane and methanol.

Material and Methods: n-hexane (5 g.m-3) was selected as a hydrophobic pollutant, methanol
(1 g.m) as a hydrophilic pollutant, and silicone oil as the NAP. The microbial consortium used
in this research was a mixed culture that was isolated from the adapted activated sludge from
the return sludge flow of Unit No. 6 of the South Tehran Wastewater Treatment Plant. A gas
chromatography (GC) device equipped with a capillary column and flame ionization detector
(FID) was used to measure the concentrations of n-hexane and methanol. To measure the
concentration of carbon dioxide, a thermal conductivity detector (TCD) was used. To measure
the biomass concentration a spectrophotometer was used to determine the optical density (OD)
of the samples.

Results and Discussion: The specific degradation rate (SDR) of methanol decreased from 1.42
M0methanol. (Jbiomass.day) ™) to 1.08 Mymethanol. (gbiomass.day) ) by increasing the volume fraction of
silicone oil from 1% to 20% v/v. In contrast, when volume fraction of silicone oil reached 10%
vlv, the SDR of n-hexane increased from 17.5 (MQhexane.(gbiomass.day)?) to 21
(Mghexane-(gbiomass.day) ™). Further increasing in the volume fraction of silicone oil up to 20% v/v
did not have much effect on the SDR of n-hexane. The kinetics of n-hexane biodegradation
followed the Michaelis-Menten model. The addition of 1 g.m of methanol to the culture
medium had a negative effect on the SDR of n-hexane, and the presence of methanol increased
the Ks value to 21 g.m™ and decreased the maximum SDR of n-hexane from 141.4 to 123.1
(mghexane.(gbiomass-day)'l).

Conclusions: The presence of silicone oil in the culture medium reduced the negative effect
of methanol on the biological degradation of n-hexane. The increase in the amount of silicone
oil up to 10% v/v was effective on the biodegradation rate of n-hexane, and its further increase
did not have an effect on the SDR of n-hexane.
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Fig. 2- The variations of n~hexane and methanol concentrations for experiments 1, 6 and 7
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Fig. 3- Biomass and carbon dioxide concentrations for the experiments 1, 6, and 7

a5 b sl 0 Sl 18+ 55 Lol pelans .l 00
1N+ b sl b, Joie Al L (Gl ¥ S o
Bl Sl O oy () 0B 25 Oliee o
Ol g OsSelos (895 50 OISR Sl Qi a0 a8
o loslb clale rals Yl g ol (6 pdy w wscan
ouds plowl sl jighy ik wizpen 05 ol 5B 40 (]

Oy sleoyhd Jo ((miei - s5lg0 slapiacs 5o

bl Julos
Ofey Aie polae I le ST g, 5l eolaial
D S G388 g Jglie 039 (g ) P52 H9Sedow
099y b a5 Fge slo el il )ly polie g F o P jolis
ools Lis ¥ Jgaz 0 wilodsl Cewds dole S5 )b
ol o 5 i5a 5 Jlie B sl ke anl 00

oals las Lo SKad oy ol padr 4 ¥ Jou> 0 0

VEF Lol ¥ o,led YV 050 ﬁslar;nn pole aolilad

YA



el 5 Gl S

IVl ogSekew 29, liee (Rl &5 W) 4
e JUSl £S5 n g B S e Y @
,o (Parnian et al.,, 2016) «uilds saless (o pliwl
o35k 2 GRStz Sl oSk s, Gl Az
Gl L () ¥ USS & am g L el ¢ plind Bl
2P E s> 1Y AT 5l sSelew 89 Ol
4 V/FY MQmethanol. (Gbiomass-day) ™ 51 Jgilie 039 m
ools cpl . cdl zals Y/« A MQmethanol-(Gbiomass-day) ™
ol ¥ Jgaz ,0 o] mlts a5 Y aoles 4 azgs b Yiais!
el s miy ol 5l GB6 ead ool

Lol Jolma 5 50 Jgilie (6 pdy o wdlons

POV IR PN AL SRS NP EP I P LW I W o i L Y
@by 9 b ol ady Ce e (89, S 5l 52,50 eole
Arriaga and Revah, 2005; Ascon-) wb o (yiol3dl
59y Olpe ALK (Cabrera and Lebeault, 1995
il Gl e Y e 4 ailoles o yeSikens
VANY TV jlade a4 s 5558 059 o508 F 5
e 8l zalS VPV MOhexane. (Jbiomass-day) ™ 4
Ok 59y Oliee Gl () T USS 4 g b
) P 2 S iy 8 e NNl i
o PR )0 58 ohlSes g Ly el oS
ol 42 00 595500 S 5 bl oy JUE (e

o (>5b (sl a3l 5l Jolo slaosls (il ls Julod gls ¥ Jgur
Table 2. The results of the variance analysis of the data obtained from the experiments
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Table 3. Statistical predicting models for 7-hexane and methanol biodegradation based on one-factor design

S ) S &l
The coefficient of determination Response
0.8 1.36-0.036A+1.07X103A2 SDR(M)
0.9 17.17+0.651A-0.034A2 SDR(H)
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Fig. 4- a) The specific degradation rate of 7-hexane, and b) the specific degradation rate of methanol in terms of volume fraction of
silicone oil. A=volume fraction of silicone oil
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Table 4. Partition coefficients for methanol and r~hexane in mixture of water and silicone oil

20 15 5 1 0 (1) GgSrles 29y (oo o3
Silicone oil volume fraction (%)
Jote @ ndy @js <l
0.00023 0.00022 0.00021 0.0002 0.00019 0.0058 " .
Methanol partition coeffient
0.03 0.04 0.2 06 737 oliFe s i b

Hexane partition coeffient
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Table 5. The specific degradation of hexane and the initial biomass concentration for the calculation of kinetic constants of SDR equation
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Specific degradation rate of hexane Final biomass Silicone oil concentration concentration
MGhexane: (Goiomass-day) ™ concentration volume fraction (g.m?) (9.m?)
(g.LY )

11.12 0.06 0 0 1

25.8 0.07 0 0 3

37 0.07 0 0 4

40.8 0.07 0 0 5

58 0.07 0 0 8

50 0.08 0 0 10

5 0.07 0 1 1

10.8 0.07 0 1 3

21.7 0.07 0 1 4

25.8 0.07 0 1 5

39.2 0.10 0 1 8

37 0.08 0 1 10

6.7 0.07 5 1 1

13 0.07 5 1 3

24.2 0.07 5 1 4

29.2 0.07 5 1 5

45.8 0.07 5 1 8

41.7 0.08 5 1 10
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6. Kinetic constant values for 7~hexane biodegradation Table
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