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ENVIRONMENTAL RECOVERY BY DESTRUCTION OF TOXIC
ORGANIC COMPOUNDS USING ELECTRON BEAM ACCELERATOR

C.L. DUARTE, M.H.O. SAMPA, P.R. RELA, H. OIKAWA
Institute for Energetic and Nuclear Research,

Radiation Technology Center,

Sio Paulo, Brazil
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Abstract. The Government of the State of So Paulo has a program for the treatment of water in the
Tieté River, located in the Sio Paulo Metropolitan Region (SPMR). The main objective of this
prograin is to reduce substintially the poliution of this river. A study using the IPEN's Liquid Effluent
Irradiation: Pilot Plant i in the. Electron Beam Facility' was updertaken. Electron beam irradiation was
shown to be ei’hcxent i _"'fdeshoymg organio’ oompounds mainly chloroform, dichloroethane, methyl

tolucne, xylene dnd phenul in nver water.

I. INTRODUCTION

Damages to human health related to tmproper treatment of residues have led strict
environmental protection laws and consequently the need for research in new technologies for
the treatment of effluents mainly from industrial origin. The variables involved in the
environment’s preservation are numerous, mainly those that are originated by the chemical
compounds and raw material used by the industries. Organic compounds, especially synthetic
ones from industrial effluents are difficnit to be treated by conventional methods.

The effluent generate by the industries in Sdo Paulo are one of the main causes for the
environmental pollution, most of these contaminants biodegrade very slowly, becoming
dangerous for men, plants and animals. The conventional treatment and available technologies
to treat such waste have low efficiency, and industries are -searching for alternative
technologies to degrade chemical compounds to get a better quality of ctfluent and
consequentty improve the envirommental conditions.

The Government of the State of  SAo Paulo has a program for the treatment of water in the
Tieté River, located 1 the Sdo Paulo Metropolitan Region (SPMR). The main objective of
this program is to reduce substantially the pollution of this river which has been transfonmed
IO an open sewer in lhe middle of an urban area. Today the river receives sewer and
industrial flows of 40m’/s, which represent 60% of the natural flow during dry periods. The
program proposes to invest in new sewer systems, collectors and, five new treatment plants,
besides specific industrial treatment. Sdo Paulo Metropolitan Region has a population of the
17.4 million and 40,000 registered enterprises; 1,250 of these industries are responsible for
90% of the pollutian .

The industries that contribute most to the SPMR are metallurgical (including mechanical and
automobile), followed by the textile, food, chemical, electrical and cellulose and paper
ndustries. ‘The metallurgical and chemical industries produce 87% of inorganic load, while
chemical, foad and textile industries produce 79% of organic load discharged into the Ticté
river without any treatment .



The State Environmental Pollution Control Regulation establishes that the enterprises need to
control and treat liquid eftluents before delivery to the river or to the Public Wastewater
Treatment System.

Considerning these aspects the Government of Sao Paulo State and the Industries are
concerttating a major effort in a program on decontarmination of the Toan Tivers and water
reservairs located close to industrial areas, through the implementation of new Wastewater
Treatment Planis. As these plants have a low etficiency for the removal of refractory
pollutants, mainly organochloride compounds, there is a need for an alternative technology to
be used in conjunclion with the conventional treatment to improve the reduction of polutants.
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The lEdLl!VB spccnes tommd by the water irrddlatmn are the reducing radical’s solvated
electron (€7, and 11 atoms and the ‘oxidizing radical hydroxyl OH'. The reactive species will
react with organte compounds in the water inducing their decomposition. The use of onizing
radintion has great ecological and technolagical advantages, especially when compared to
physical-chemical and hiological methods. 1t degrades organic compounds, generating
substances that are casily biodegraded without the necessity of adding chemical compounds.
The purpose ol the radiation treatment is the conversion of these substances to biodegradable
compands: comeiimes the complete decomposition is not necessary for this conversian {4.5].

2. EXPERIMENTAL PROCEDURES

Seven effluent samples (1 to E7) from a mixture of chemical, pharmaceutical, textile and
dves industrics origin were irradiated mmg the IPEN's Liguid Efflnent Irradiation Pilat Plant
i the Electron Beam Facility with a 1.5 MeV Dynamitron from Radiation Dynamics Inc. The
IPLNs prlot plant used to madiate these samples was set up to treat wastewater and industrial
effiuents and was described elsewhere [2.3,7].

The absorbed dose Is mueasured by calorimelne system using a temperatare fransducer ype,
WCOTT. Wire Current Qutput temperature transducer, - Intensil, GE-AD390, that allows to
obtan in real fime the average absorbed doses [7].

The sample stream bad a medium flow rate of 30L/min; the electron beam with 1.5VeV
cncigy and the cwrrent was fixed from 1.2mA to 10.6mA in order to abtain the desired doses.
The physical chemical charactetzation was performed according (o the Standard Methods for
the Examination of Water and Wastewater {1}, Analyses of Total Orgarie Caron {YOU) were
performed too. wsing Total ()x‘zamc Carbon Analyzer, Shimadzu, model TOC A000A. The
duegree o improvenent was evahited by the control of arganic compound composition
throngh the chemical analysis by gas chromatograph associated to mass spectrometer analysis,
Shimadzu model GOMS-OP 3000, after pentane extraction. The mcomplete oxidation of the
potlitmis can yesalt in the formation ol organic acids, which can be considered as o by-
praduct of the radistion process. This was evaluated by the Chromatographic analysis of
argame acids using the High Perfonmance Liguid Chromatagraph - HPI C-Shinadza 1.C 1O
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3. RESULTS

The physical chemical characterization of these samples is presented in Table 1.

Table U - Physical chemical charactenzation of the studied industrial effluent samples

Total Chemical Biochemical | Suspended
SAMPLE Organic - Oxygea : | - Oxygen Selid pH
e ' ‘ ~Carbon | Demand - | = Demand (mg/L)

. ] TOC ©COD | BOD
S mg/L) _(gng()zlL) K . - ’(,mgOz/L’)

R ) - I 1200 . 601 624 8.3

o ' 64 552 7.4

R 182 9.6

. 686 353 78

_ 364 s , 7520 . 254 8.1

E6 | 380 1029 672 151 8.3

ET | . 407 2193 1430 181 8.9

The concentration of the most important pollutants found in the studied effluents are
presented in the Figure 1 and the main organic compounds found in term of concentration
were dichloroethane, toluene, xylene, benzene, methilisobutylkctone and phenol.
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FIG L Organic compounds destruction affer electron beam irradiction of the industrial cfflnent
sample.

The electron beam irradiation showed be efficient on destroying the organic compounds
delivered in these effluents mainly chloroform, dichlorocthane, methyl 1sobutyl Ketone,
henzene. tolucne, xylene and phenol as it is showed in the graphics of the Figure 1L To
remove 90% of the most organic compounds present in the complex sample it was necessary a
50 kGy dose. The phenol concentration icrease at low doses as a by praduct of  aromatic
organic compound as benzene and toluene {4,6].

Analysing the TOC results in different dases presented at the Figure 1V and the resulis of
toxic organic compounds destruction by radiation (Figurc 1), 1t can be concluded that cven
affer toxie organic compound destruction the samples presented high TOC indicating the
presence of arganic carbon. A great part of that organic carbon can be simple organic acids
formed by the destruction of toxic and complex organic molecule os showed in the praphics of
the Figure 1V, where is represented the Tormation of the less toxic organic acids as formic,
acetic, tartaric and oxalic when the irradiation absorbed dose s increased.
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The removal of these organic compounds after irrachation were described by the destruction G
value (Gd) that is defined by the disappearance of the solute in aqueous solution and is

determined experimentally using the following equation [6]:

Gd = ARDN,/(6.24 £ 10y =mol 1



Where 4RD is the change in organic solute concentration (mol L’ N dl a given dose. D is the
dosc (kGy), 6.24 x 10" m the constant to convert kGy in 100 eVL™', and N, is Avogadro’s
nunber.

For Gd calculation in this study it was considered the maximum dose of higher removal

detected, m ditfterent initial coneentration.

The (Gd values so obtained are showed in Table 1.

o " The obtained results show the high efficiency of irradiation process on destroying organic
- compounds even tar effluent with diflerent complexity.

I ¥ abié 2« Obtained Gd x 10* (!:an/J) ya-IUE;s ‘l:'(')_r“mahﬂy organic compounds

" Toluene - Xylene Phenol -

U T 33 R 390y - 256(10) . 15.0(20) 51.6 (20) 5.2 (50)
CoER YT 364200 1 23(20) - 17.6(10) 694 (20). 295 (200  10.7 (50)
3. 23*«9(15) 43 (15) ' 38315 3910 (02) 2.6(195)
B4 18.5 (05) 1.8 (05) 14.2 (05) 18.2 (05) 0.0 (05)

s 10 (20) . . 0.8 (20) 6.4 (20) 0.6(15)  -0.6(30)
PooRG 22.8(20y 2.9(10) 101.7 (20) 64.8(10) 422 (50) 4.6 (50)
LT 265.1 (20) 1.§ (05) 150.0 (20 256.2(30)  121.0(10) 3.7.(50)

() = Radiation doses (kGy) considered for Gd calculation
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CONCLUSIONS

Basced on rescarch studies perfornmed in association with the industry, the obtained results are
able to accelerate the development, demonstration and use of new h.Lhnolo;,} that offer
permanent cleanup alternative for hazardous wastes.

In the present stage of this project we are evaluating the applicability in industry for specific
waste plants and develop a rehable engineering performance and cost dafa for this innovative
treatment technology to environmental recovery,
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