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Abstract: The effectiveness of ozone treatment for imprgvthe biodegradability of recalcitrant
pollutants has been proved by investigating thenation reaction of Methyl tert-butyl ether (MTBE) a
bioresistant gasoline oxygenate. Laboratory scadpemments have been carried out, at room
temperature, by bubbling, for 120 min, ozonated (8i¢ ppm mii") into 3 liter of an alkaline
(pH=11.5) aqueous solution (100 mg)Lof MTBE. The experimental results indicated thating the
ozonation, complete MTBE degradation occursr 100 min and after this time, ozone
consumption goes on very slowly. At the end ofdkenation, after 100 min, the initial value of COD
(256 mg Q L™) is 98 and correspond to a relative removal ofuat&2%.As for MTBE solution
biodegradability expressed as (BOD5)/(COD) ratigjry the first 90 min its value regularly increase
from lowest (0.01) up to a maximum of 0.68 thatresponds to an ozone consumption of 1.25 mg per
each mg of COD initially present in the solutioneTéxperimental results for determining the rate of
MTBE removal due to stripping showed that about 1GFIMTBE strips out after an hour of sparging
with oxygen gas. The fraction of MTBE oxidized amdétriped increases to about 28% (in pH=7) and
70% (in pH=11.5) with ozonation over the same tpedod.
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INTRODUCTION Biological treatment of wastewater, groundwater and
aqueous hazardous waste is often the

Biodegradability and toxicity of organic substanees ~ most economical alternative when compared withrothe
significant factors for determining their behaviora  treatment options. The ability of a compound to
natural environmental and in the biological treatbsf ~ undergo biological degradation is dependent on a
wastewater with respect to general organic substanc variety of factors, such as concentration, chemical
that are relatively readily biodegraded, their @egrof ~ Structure, substituents of the target compound apH
biodegradability have been studied by many reseasch the presence of inhibitory compounds. Although many
[1]. However, more studies are required on subs&nc organic molecules are read|l_y degraded, many other
that are very hard to biodegrade, specially Etlwerded synthetlc. and naturally_ occurring organic molecutes
compounds,i.e. Metyl tert-Butyl Ether (MTBE) [2]. example; MTBE, are blorecalcnr_ant [9'1_1]'
MTBE is commonly added to gasoline and has beer@‘ rath'e'_r Innovative approaf:lh is provided by the so
utilized for the past tow decades [3]. The envirental alled "integrated-processes” where the effeutiss of

. . combining biological and physico-chemical treatrsent
fate of MTBE has become a subject of renewed iatere is specifically designed to be synergetic ratheanth

due to the large quantities of this compound that a ,ygitive [11].

now being used to oxygenate gasoline [4]. . Several chemical processes, which use oxidizingtage
MTBE is emitted by different sources into the aguat gych as, ozone, hydrogen peroxide, etc. have been
environment. Leakage from underground storage tankgarried out to mineralize many synthetic organic
(LUSTSs), Recreational wtercraft on lakes and efflse chemicals. However, costs associated with chemical
represent possible point sources by releases of MTBoxidation alone can often be prohibitive for wasiéav

into the environment [5, 6]. Its presence in efflisehas treatment. A potentially viable solution is the
in fact been reported by the chemical industry [3je  integration of chemical and biological treatment
occurrence of MTBE in the hydrological cycle ansl it processes as an economical in wastewater. The
impact as a no point source contaminant has beethemical process would be used as a pre-treatment i
investigated in several studies [7, 8]. order to increase the biodegradability of the waater.
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In these combined processes, if we want to determinstipulated in Standard Methods [25] section 5214n8
the variation of biodegradability as a functiontbe  to this subject, Inoculums was taken from the efin
chemical reaction conditions (time of pre-treatmentwastewater plant in Esfahan (Iran). Chemical oxygen
concentration of the oxidizing agent, temperatete,), demand (COD) was also followed according to
a biodegradability test is required. Methods forpjchromate Reactor Digestion (Hach Method 8000) by
measuring biodegradability in these systems haea be reagents for low COD.

proposed by a number of authors. BOD and BOD/CODp 37| pilot-scale plant, made of glas, has beerduse

or BOD/TOC are commonly used [12-15]. Other paich gperation with MTBE and continuous with 0zone

biodegradability =~ measures including  substraterio 1) Liquid irculates th h istalti
destruction,  oxygen  uptake, EC toxicity (Fig.1). Liquid recirculates through a peristaliamp

i T wih t 4 int lul at a flow rate of 9 L H. Ozone gas with a fixed rate of
measurements, cell gro counts and Intracetitiag ng mg R at 1 L h' O, flow was bubbled into the
ATP levels also have been used [16].

Within the group of chemical oxidation processes,zg?(cé(gxne?arsge (ggg?limutizr?:g%?aitQ\Jllvaasssedrzﬂ(regb\:ith
ozonation is one of the methods that gives bedtsults 9 X q

in the oxidation of refractory contaminants [14 18], venture-type injector together with a special desiy

Refractory or recalcitrant compounds are those Mhictr}eoggirea?rlécmm';ir tu:ggifzcaggcg aﬂgsrgaﬁg:eact
resist aerobic microbial wastewater treatment unde? gas p q P :

: <1 -1
conductive environmental conditions. CompoundsWas charged with a 100 mg'i(1.13 mmol L) MTBE

susceptible to ozonolysis are those containing C=(Zg.ltz?g§ tiollultlgn[.z;']he PH of the reaction solutiars w
double bonds, specific functional groups (e.g. GHg, J L )

OCH) and atoms carrying a negative charge ( N, P OAII experiments were perfor_me_d at temperature
S and nucleophilic carbons) [15] which their ozamat 24£0.5°c. samples were periodically (at 10 min

in water usuallv produces oxvaenated oraanic prsduc intervals over 120 min run time) withdrown for pH,
yp  OXYgen: 9 P GC-FID, COD, BOR and residual ozone analysis. For
and low molecular weight acids that are more

biodegradable [13, 14, 19-21) oxit s flom reactor was passed trough fow waghin
There are only very few works in literature [19, 23] 9 P 9 g

that report results of integrated chemical anddyjmal bon"?s filled with 2.00 ml of 2% potassium iodjde
oxidation of wastewaters, showing the effect of theSOIUt'On each 10 min. In ozonation runs, the reaidu
chemical pre-treatment on the performance of th§dUeous ozone was quenched with 1 NS,
biological reactor. According to that, the effect o
ozonation on the biodegradability of aqueous sohgti
?;ti'(\)”gﬁdhaéggenrsﬁg\gj ";]atgls bvg(;:]k. Er%z/eiozghe transform_ation of M'!'BE and the var_iatio_n of COD
biodegradability indicator and BOL during ozonation are shown in Fig. 2. The

’ results showed that as proceeding of MTBE
transformation COD decreased and BOMitially
increased and then decreased. The maximum value of

ODs was 65.7 mg ! that occurred at 90 min from
Ozone was generated from oxygen gas by a OZNSIrgeaction start. The results also show significant

model ozonator . Reagent grade MTBE (MW=88'15’decreases of COD within 60 min of ozonation. COD

0 X -
>99.9%) supplied by MERCK and deionized water (< 5reduction after completely degradation of MTBE

=1 . . . . .
E?t gslziurrnesstl\{%% g\(/)vere %ﬁgglf?nglgg ,\? ><cp))egsrln<ents. indicates that after MTBE degradation, ozone cametn
7'N2VY11 3

(at100%purity) was purchased from ACROS Co. Othe .0 react presumably by further oxidizing some

chemicals used in this study were reagent grade an(ﬁ)rimary" MTBE degradation by-products. The figure
. also shows significant decreases of COD within &0 m
supplied by MERCK.

The concentration of Methyltert-butyl ether and theof ozonation. L .
sum of oxidation intermediates were determined by '94r€ 3 shows the variation of MTBE concentration

using a gas chromatograph equipped with flameand pH.(_juring ozonation. The rgsults. shows th#t wi
ionization detector (GC-FID, PU4410-PHILIPS) and the add|t|.on of ozone to the reaction mixture, ridie of
with a SE30 column. Residual ozone concentration iffégradation was enhanced and pH value was decreased
the chemical reactor and ozone average concemtratighore than one unit during the experiment. Of caurse
in off-gas (with 2% errors in sampling) were measur such a pH trend indicates the formation of acid by-
by Indigo Colorimetric and lodometric Methods, products.

respectively ( Standard methods, sections 459®0O MTBE decay curve reported shows that its degradati
and 4500-cl B.) [25]. For pH measurements an Orioris completely over within 100 minutes. Nevertheless
pH electrode pH/T°C model 520 A was used. pH probCOD reduction (Fig. 2) partially go on.

was checked for true readings before any the ruheof Figure 4 shows the sum intermediates produced a@ue t
test. BOR was measured according to the procedureMTBE degradation and ozone concentration in agueous
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Fig. 1: Pilot Schematic: 1, Oxygen Cylinder; 2, Ailow Meter; 3, Silica gel; 4, Ozone GeneratorPgristaltic
Pump; 6, Venture-type Injector; 7, Blender; 8, SkngpPort; 9, Chemical Reactor; 10, Off-gas Ozone
Collector; 11, Caryolit Column
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Fig. 2: Evolution of COD and BODwith MTBE
Transformation During Ozonation
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Fig. 3: Variation of MTBE, pH in Aquaous Mixture

with a Time of Ozonation
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BODs/COD ratios) of Intermediates resulting
from Ozonation of MTBE at Different Times

Biodegradability of intermediates formed throughout

The total t out of th tor has b ozonation was measured by BOD comparison to
€ lotal ozone amount out of the reactor has beegqp j, aliquots withdrawn periodically. Figure 5

calculated by integrating the profile in Fig. 4ul#®g  shows the respective measurements along with the
in 44.86 mg @ Accordingly, TE (transfer efficiency) BODs to COD.From the technological stand point,
and the transferred dose result in 44% and 100.4 mgssuming the ratio (BOQJ(COD) as indicative of
L™, respectively. solution biodegradability and looking at Figwhere
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100 oxygen(pH=11.5)

*

Fig. 6: Decay Time Profile of MTBE in Aqueous
Mixture by Stripping and Ozonation.z;@ the
Gas Phase=0.5 mg™, pH=7 (direct reaction
of O3), pH=11.5 (indirect reaction of{p

such a ratio is reported versus the amount of ozone

CONCLUSION

The conclusions of this study are:

An ozonation time of 60-70min is needed to
biodegradability enhancement of MTBE and
afterwards intermediates are amenable to biological

degradation.

While ozonation is capable of complete
degradation of the recalcitrant given suéfiti
time (Other studies), a combination of an
chemical oxidation  followed by a well-
established biological unit processes (a
sequential chemical-biological treatment

scheme) may be both technically and economically
advantageous.
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ratios of BOR to COD indicated an increasingly more 3.

biodegradable nature of the ozonated solutions.
For biodegradable wastewater, BQXippically accounts

for about 60-70% of the ultimated BOD (BQDthe 4.

latter would more closely approximate the COD for
easily degraded wastes. Thus, at 70 min of ozamatio
time, the BOR-to-COD ratio of 0.68 suggested the

treated solution was very favorable for biodegriatat 5.

Experiments were carried out to examine the efééct
sparging and ozonation on the rate of removal MTBE
from aqueous mixture. The results shown in Fig. 6

showed that about 14% of MTBE strips out after arP-

hour of sparging with oxygen gas. The fraction of
MTBE oxidized and/or striped increases to about 28%
and 70% with ozonation by direct and indirect
reactions, respectively over the same time pertoal.

the other hand the concentration of MTBE is reduced
by about 2 orders of magnitude after 40 min of
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Consequently, it is dominated by reaction with

hydroxyl radicals. Safarzadeh et al (2000) havenep 8.

that 10% and 30% of MTBE remove from aqueous
mixture after an hour with oxygen gas and ozonation
(in neutral pH), respectively.

44

it results that the appreciation for Professor J. Nouri, the IraniarE8J
enhancement Editor, for his great help and assistance during th
90min of submission of this paper.

REFERENCES

H., 1999. Final Report: Aerobic
cometabolism of ether-bonded compounds. Banner
for US EPA, National Center for Environmental
Research (NCER).

Junzo, S., H. Keiko and S. Shizuo, 1978. Eftdct
ozone treatment upon biodegradability of water-
soluble polymers. Environ. Sci. Technol., pp:
1180-84.

Ali, S.A., 2001. @H,0, treatment of Methy-tert-
Butyl Ether (MTBE) in contaminated water. Water
Research, 35: 3706-14.

Clinton, D.C., M.I. Lorne, F.P. James, L.R. Dann
and G.T. Paul, 1997. Method for determination of
methyl tert-butyl ether and its degradation product
in Water. Environ. Sci. Technol., 31: 3723-26.
Christine, A., K. Axel and P. Wilhelm, 2002.
Methyl tert-Butyl Ether (MTBE) in river and
wastewater in Germany. Environ. Sci. Technol.,
36: 3652-61.

Boughton, C.J. and M.S. Lico, 1998. Volatile
organic compounds in Lake Tahoe, Nevada and
California, Fact Sheet FS-055-98, US Geological
Survey.

Delzer, G.C., J.S. Zogorski, T.J. Lopes and R.L.
Bosshart, 1996. Occurrence of the gasoline
oxygenate MTBE and BTEX compounds in urban
storm water in the United States. Water Resources
Investigation Report 96-4145, US Geological
Survey.

Clawges, R., J. Zogorski and D. Bender, 200@. Ke
MTBE findings based on National Water Quality
Monitoring; us Geological Survey,

http://wwwsd.cr.usgs.gov/naqua/vocns/.



10.

11.

12.

13.

14.

15.

16.

17.

18.

American J. Environmental <ci., 1 (1): 41-45, 2005

Contreras, S.,
Sans and S. Esplugas, 2003. Contribution of the
ozonation pre-treatment to the biodegradation of
aqueous 2,4-dichlorophenol. Water Research, 37:
3164-71.

Adams, C.D., R.A. Cozzens and B.J. Kim, 1997.

Effects of ozonation on the biodegradability of 20.

substituted phenols. Water Research, 31: 2655-63.
Hui-Ming, H., K. Joon-Wun and R.H. Michael,
2002. The sonolytic destruction of methyl tert-
butyl ether present in contaminated groundwater.
Water Environment Research, 74: 6.

Chamarro, E., A. Marco and S. Esplugas, 2001.

Use of Fenton reagent to improve organic chemicap1.

biodegradability. Water Research, 35: 1047-51.
Gilbert, E., 1987. Biodegradability of ozonatio
products as a function of COD and DOC

elimination by example of substituted aromatic 22-

substances. Water Research, 21: 1273-78.
Marco, A., S. Esplugas and G. Saum, 1997. How
and why to combine chemical and biological

processes for wastewater treatment. Water Sciyg

Technol., 35: 321-327.

Langlais, B., D.A. Reckhow and D.R. Brink, 1991
Ozone in water treatment: Application and
engineering. Chelsea: Lewis Publishers.

Scott, J.P. and D.F. Qills, 1995. Integratidn o

chemical and biological oxidation processes forpg.

water treatment: Review and recommendations.
Environmental Progress, 14: 88-103.

Beltran, F.J., J.M. Encinar and M.A. Alonso9&9
Nitroaromatic hydrocarbon ozonation in water 1
single ozonation. Ind. Eng. Chem. Res., 37: 25-31.

Contreras, S., M. Rodriguez, E. Chamarro, §25

Esplugas and J. Casado, 2001. Oxidation of
nitrobenzene by @UV: The influence of HO, and
Fe(lll) experiences in a pilot plant. Water Sci.
Technol., 44: 39-46.

45

M. Rodriguez, F. Almomani, C.19. Beltran, F.J., J.F. Garcia-Araya and P.M. Abzar

2000. Continuous flow integrated chemical
(ozone)-activated sludge system treating combined
agroindustrial-domestic wastewater. Environmental
Progress, 19: 28-35.

Beltran, F.J., J.F. Garcia-Araya, J. Frades, P.
Alvares and O. Gimeno, 1999. Effects of single
and combined ozonation with hydrogen prroxide or
UV radiation on the chemical degradation and
biodegradability of debittering table olive induatr
wastewater. Water Research, 33: 723-32.
Ledakowiez, S., 1998. Integrated processes of
chemical and biological oxidation of wastewaters.
Environmental Protect Engineering, 24: 35-47.
Adams, C.D., S. Spitzer and R.M. Cowan, 1996.
Biodegradation of nonionic surfactants and effects
of oxidative pretreatment. J. Environ. Eng., 122:
477-83.

Sarria, V., S. Parra, M. Invernizzi, P. Peringed

C. Pulgarin, 2001. Photochemical-biological
treatment of a real industrial biorecalcitrant
wastewater  containing 5-amino-6-methyl-2-

benzimidazolone. Water Sci. Technol., 44: 93-103.
Mehraban, S., M. Ali Reza, B. Ahmad, N. Ramin,
and S. Ardallan. Efficiency of advance oxydation
and hydrocil technology in Methyl tertiary-Butyl
Ether (MTBE). J. Shahr-E-Kord Medical Sci. (In
Press).

Greenberg, A.E., L.S. Clesceri and A.D. Eaton,
1992. Standard Methods for Examination of Water
and Wastewater. f8Edn. American Public Health
Association, USA: 2.41-5.10.



