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

C.L. DUARTE,  M.1-10: SAMPA, P.R. RELA, H. OIKAWA 
Institute for Energetic and Nuclear Research, 
Radiation "Technology Center, 
São Paulo, Brazil 

Abstract. The Government of the State of Sao 'Paulo has a program for the treatment of water in the 
Tietê.River, located in the. Sao Paulo Metropolitan Region (SPMR). The main objective of this 
prograria is to reduce substantially the pollution'of this river. A study using the IPEN's Liquid Effluent 

:^;'irradiation: Pilot Plant in the,Electron Beam Facility.  was 'undertaken. Electron beam irradiation was 
show1 Gto''be efÌic1ent Sl.ndestroying organic' compounds mainly chloroform, dichloroetlume, methyl 
isobutyt„ketone;t cn,iene, toluene,.xylene and•phenol'in rivet water, 

1. INTRODUCTION 

Damages to human health  related to improper 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 difficult to be treated by conventional methods. 

The effluent generate by the industries in Silo 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 effluent and 
consequently improve the environmental conditions. 

The Government of the Stale of Suo Paulo has a program for the treatment of water in the 
Tietê River, located in the Sao Paulo Metropolitan Region (SPMR). The main objective of 
this program is to reduce substantially the pollution of this river which has been transformed 
into an open sewer in the middle of an urban area. Today the river receives sewer and 
industrial flows of 40m 3/s, which represent 60% of the natural flow during dry periods. The 
program proposes to invest in new sewer systems, collectors and, live new treatment plants, 
besides specific industrial treatment. Silo Paulo Metropolitan Region has a population of the 
17.4 million and 40,001) registered enterprises; 1,250 of these industries are responsible Liar 
90% of the pollution . . 

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



The State Environmental Pollution Control Regulation establishes that the enterprises need to  

control and treat liquid effluents before delivery to the river or to the Public Wastewater  

Treatment System.  

Considering these aspects the Government of Sao Paulo State and the Industries are  

concentrating a major effort in a program on decontaminatiOn of 5:h rnair! iiwess and eater  
reservoirs located close to incfosl.rla1 areas, through the implementation of new Wastewater  
Treatment Plants. As these plants have a low efficiency fbr the removal of refractory  

pollutants, mainly organochloride compounds, there is a need fir an alternative technology to  
be used in conjunction with the conventional treatment to improve the reduction of pollutants.  

The oxidation process has-attracted Many researchers because of the capacity to mineralize  
organic corpounds..8lie Most efficient oxidation is - the use of 011 iacIieaís. There are various  

me tho,rds co generate'Oil radicals. as the use of ozone,. hydrogen peroxide and uIl.ríi-violet  
AO:T Adva cedQxtdatron Process):.. The• most'siniple!tand efficient method for generating  

OI-l : radreals'in Situ is the interaction of 'ionizing radiation with water.  

The reactive species fomied by the' water irradiation .are the reducing radical's solvated  

electron (e' m,), and 11' atoms and the:oxidizing radical hydroxyl OI -I,. The reactive species will  

react with organic compounds in the water inducing their decomposition. The use of ionizing  
radiation has great. ecological and technological advantages, especially when compared to  
physical-chemical and biological methods. It. degrades organic compounds, generating  
substances that are easily biodegraded a ithout the necessity of adding chemical s;ropunds.  
The rIlirpose of the radiation treatment: is the conversion of these substances to biodegradable  
sumhl o lu Is, sometimes the complete decomposition is not necessary for this conversion [4.5].  

2. EXPERIMENTAL PROCEDURES  

Seven effluent samples (El to E7) from a mixture of chemical, pharmaceutical, textile and  
does industries origin were irradiated using the IPEN's Liquid Effluent Irradiation Pilot Plant  
in the Electron {-learn Facility with a 1.5 MeV Dynamitron from Radiation Dynamics inc. The  
IPLN's pilot plant used to irradiate these samples was set up to treat wastewater and industrial  
effluents and was described elsewhere [2.3,7].  

The ;thsor -hcd dose is nieasur -ed by calorimetric system using a temperature transducer type,  
WCOTT. Wire Current Output temperature transducer, - Intensil, GE-AD590, that allows to  

obtain in real time the average absorbed c hases [7].  
The sample stream had a medium flow rate of 30I.,%min; the electron hewn with (.S'vl:N'  

energy and the current was fixed from I .2mA to 10.6mA in order to obtain the desired doses. 

 l lac physical chemical characterization was performed according to the Standard Methods for  
the i cai»ination of 1^dater and Wastewater ¡ . l j. Analyses of Total Organic t;arl}oi (1 -t) re-

performed too, using Total Organic Carbon Analyzer. Sbirniadzfl, model `I'!:)C 5000A. The  
i1soiac o f fnllarl)VÇilll:nt lk'; t ` evaluated by the control of organic compound composition  

through the chemical analysis by gas chromatograph associated to mass spectrometer analysis,  
Shimadzu inf idel (CMS-Op 5(100. atier pentane extraction. The incomplete oxidation of the  
pollutants can iCst.ift in the ft n"rní.itJtan of organic acids, which can be considered as a lay-

product of the radiation process. This was evaluated by the. Chromatographic anaalysis of  

organic ;l.•uls 11sm g the I lip!) Pertc1rmance Liquid (bromatograph - .i - IN C- Shirna}clzu I.0 I ft  
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SAMPLE  

r7 Chloroform  ❑ I 1 ('F, CI "'('I? CI M I IC Bi! lien•r,ene CJ I uliroiie. CD X 'Ilene  Ci I ' 

3. RESULTS  

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

Table. I - Physical chemical characterization of the studied industrial effluent samples  

Es . *  

E6  

E7  

Total  
Organic  

• Carbon  
TOC  

• 313  

;340 

2.  

•364  

380  

. 407  

Chemical  
Oxygen  
Demand  

COD ,t  
(aYgOz/L)  °.. 

1200  .. 

1040  

151.3,: 

2000 ,  

1075  

1029  

2193  

Biochemical  
Oxygen  
Demand   

BOD  
(ongOzIL)  

601  

641 

•1.330 

686 

7520 

672 

1430 

Suspended  
SO1i41  

(111},/L)  
1illl  

624 8.3  

552 	7.4  

1 82 	9.6  

353 	7.8  

254 	8.1  

151 	8.3  

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, xylem, benzene, methilisobutylketone and phenol.  

I-IG. 1. Alain  organic  compoun<.1,% present  in the rnc.hus/rre.il effluent  ,ce.antner El to L''7,  

3  
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I'IG. II. O1,S,u.lÍ11C CU111p1.111111Ik' (Irs/ 1 "1/C /10/1 !!_f/E'/' electron beam irradiation  U^ iIN.'!/1CIIJ,SI/'1CIJ (1A/oil  
sample. ^ 	 ^  

,bíchlrnoethanc  .  

The electron beam irradiation showed be efficient on destroying the organic compounds  

delivered in these effluents mainly chlorot:orm, dichloroethane, methyl isobutyl ketone,  

benzene, toluene, xylene and phenol as it is showed in the graphics of the Figure III. To  

remove 90% of the most organic compounds present in the complex sample it was necessary a  

50 kGy dose. The phenol concentration increase at low doses as a by product of aromatic  

organic compound as benzene and toluene 14,66.  

Analysing the TOC results in different doses presented at. the Figure iV and the results of  

toxic organic compounds destruction by radiation (Figure iII), it can be concluded that even  

alter toxic organic compound destruction the samples presented high IOU indicating the  

presence of organic carbon. A great part of that organic carbon can be simple organic acids  

formed by  the destruction of toxic and complex organic molecule as showed in the graphics of'  

the Figure IV, where is represented the formation of the less toxic organic acids as formic,  

acetic, tartaric and oxalic when the irradiation absorbed dose is increased.  

4  
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irradiation n/'the industrial effluent  sample (EI to E7).  

17(7. IV TOC variation u%Ier c-hFrant irradiation  of inchrsiriul crf//rren t ("El to E7)  

The removal of these organic compounds after irradiation 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]:  

= z1RI)?V,,;0{6.24 x 10 1 ) = mot J'  
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The obtained results show the high efficiency of irradiation process on destroying organic 

compounds even for effluent with different complexity. 

Table 2- Obtained.Gc) x 10' (rrrQ1/J) values f:or'mainl_y organic compounds 

Nlekliyl 	Toh■ ene 	Xylene 	Phenol 
isírlantllkcïói' ; 1  

• •33.9(20) 	̀' , : ` 3:9 (20) 	. '. 25.6 (10) : 	15.0 (20) 51.6 (2(1) 5.2 (50) 
36.4 (20)"' 2.3' (20) 	' 17.6 (10) 69.4 (20) 29.5 (20) 10.7 (50) 

288 i) (15) 4.3 (15) 38.3 (15) 391.0 (02) 2.6 (15) 
18.5 (05) 1.8 (05) 14.2 (05) 18.2 (05) 0.0 (05) 
1.0 	(20) 	. 0.8 (20) 	. • 6.4 (20) 0.6 (15) -0.6 (30) 
22.8 (20)' 2.9 (10) 101.7 (20) 64.8 (10) 42.2 (50) 4.6 (50) 

265.1 (20) 1.8 (05) 150.0 (20) 256.2 (30) 121.0 (10) 3.7 (50) 

Where LRD is the change in organic solute concentration (mot 1., -1 ) at a given Nose. D is the 

dose (kGy), 6.24 x I0 15  is the constant to convert kGy in 100 eVL', and NA is Avogadro's 

number. 

For Gd calculation in this study it was considered the maximum dose of higher removal 
detected, in different initial concentration. The Gd values so obtained are showed in Table 1. 

( ) -- Radiation doses (kGy) considered for Gd calculation 

4. CONCLUSIONS 

Based on research studies perlurdied in association with the industry, the obtained results are 

able to accelerate the development, demonstration and use of new technology that offer 

pennaneni 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 reliable engineering performance and cost data .for this innovative 

treatment. technology to environmental recovery. 
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