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ABSTRACT: 

During the past decade, a plethora of processes have been developed for the destruction of 
polychlorinated biphenyls (PCBs), an environmental contaminant of increasing concern. A survey 
of some recent cominercial ond experimental methods, including chcrmal, chemical, and biological 
procedures, is presented here. 

IWTRODUCriON-. 

PCBs are omnipresent environmental contaminants. According co EPA estimates^ from the late 

1970's, the environmental release of PCBs amounted to some ^il million pounds, 3̂ *% of which 

consists of contaminated soil, water, sediment and air. It is probable thac all residents of 

the United States have measurable levels in their bodies. The occurence of PCBs in samples of 

fish and milk ac levels of about 2000 ppm exemplifies the process by which Americans have 

achieved quancitatablc conccntracions in adipose tissue and blood. Because these materials are 

known Co concentrate through the food chain, there has been much effort devoted during the past 

ten years to removing PCBs from decommissioned cransforcners, ground spills/leakages and sludges, 

and destroying these compounds by chemical, biological, thermal and ocher means. 

THERMAL DESTRDCTION TECHNIQUES: 

Thennal processes include those In which PCBs are either burned, pyrolyzed, eatalytically 

oxidized at temperatures above 500*C, or reduced at molten metal bath temperatures. Detailed 

descriptions of various Incineration processes are available^. Multiple chamber and rotary kiln 

incinerators are the most versatile, being able to accept solid, slurry, liquid, sludge, fume 

and containerized wastes. 

Chemical Waste Management operates two rotary kiln TSCA permitted incinerators in Chicago, 

Illinois and Pore Arthur Texas, which accept PCB contaminated oils, sludges and solids. Including 

capacitors and transformers. Secondary combustion chamber gases have a residence time of at 

least two seconds at a minimum temperature of 1205"C in these units. Greater than 99.9999% 

destruction of PCBs is invariably achieved. The Chicago incinerator bums between 100,000 to 
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110,000 gallons of PCB-contaminjced liquids/ucck along wUh some 50,000 to 60.000 pounds of PCB 

solids. The Pore Arthur facility has successfully cotipUted a trial burn ulch a chlorine removal 

efficiency of 99,99». A TSCA penult for this facility Is anticipated for the Ust quarter of 

1990. Port Arthur's penult will allow tor the destruction o£ nearly 23 million pounds of PCB 

liquids, and over 367 million pounds ot PCB solids per year, or about 150 times che quantity of 

solids currently being destroyed at the Chicago site. 

Mobile and in situ thermal technologies have been proposed as potential solutions for cleanup 

ot some Superfund sites'. Of 90 EPA records ot decision (RODs) released between January 1987 and 

July 1988 and involving tre.itmenc methodologies, 15 recommended thermal treatment. An 

examination of 107 RODS issued for 97 Superfund sices between 7/1/82 and 9/30/89, revealed that 

36 proposed some form of thermal treatment, with 28 specifically recommending incineration, tor 

ac least a portion ot the remediation. 

Another relatively new pyrolytic technique, which operates at even higher temperatures (>1500-C) 

Involves the formation of a transfer plasma froa a high volcage ac arc'. A small scale unit, 

capable of treating about 50 gallons of 1000 ppm PCB-contaminated oil/day Is estimated Co cost 

about $50,000, with an operational cost of $1.93/gallon, if co-fueled with product gases. The 

authors claim a destruction efficiency of >99.999», but this Is not supported by che data shown 

In their publication. 

As reaction temperatures decrease, so do destruction efficiencies; thus other reactants or 

catalysts may have to be employed to insure thermal decomposition. At 580'C. decachloroblphenyl 

(about 8300 ppm In an argon carrier), passed over magnesium, aluminun, a-nlumlna or magnesia with 

contact times of about eight seconds, uas decomposed to >99.999»5. -̂̂ e principal products of 

this reaction are the metal chloride and carbonaceous char. 

CHFMICAI. DESTROCTTON OF PCBs: 

The Franklin Institute APEC process', which was the subject of a patent Issued in 1982, Involves 

reacting PCB-conComtnated waste with either a mixture ot an alkali metal, or metal hydroxide and 

a polyethylene glycol (usually PEG '-OO); or preforming the reagent (NaPEG or KPEG) and reacting 

it with che wasc«. generally at temperatures between 150--250-C for periods of one to several 

hours. For more highly chlorinated PCBs. such us those present in aroclors 1260 and 1254, It 

is possible to achieve >99.9», .md probably even >99.99« destruction using this method. For 

electronic reasons, the lower PCB congeners arc rather unreactive, requiring either much higher 

temperatures, or very extended reaction times. In all cases, however, only one. or possibly two 

of the chlorines on any given ring will react wltli this reagent. The lowest congeners probably 

do noc react at 4ll. 

Joint studies were conducted by the U S. Navy Civil Engineering Laboratory and the U.S. EPA's 
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Risk Reduction Engineering Laboratory, wich PCB-concamlnatcd soil on the Island of Guam'. With 

Initial soil concentrations averaging about 3500 ppm, a mean destruction efficiency of 99.84« 

was claimed, with no congener group exceeding 2 ppm In concentration. 

A further rcflnei»ent ot the APEG process Is Calson Remediation Corporation's dechlorination 

process, which utilizes KPEG and either sultolane (tetrahydrothlophene-1,1-dloxlde) or dimethyl 

sulfoxide as cosolvents'. These materials are estimated to provide a doubling, and quadrupling 

of KPEG reaction rates, respectively, as well as a concomitant Increase in dehalogenacive 

efficiency. Pilot studies at the Wide Beach Development site Indicated that the reagent could 

be recycled effectively over a seven run series. This reagent system was also employed In the 

treatment (to <2ppm PCB) of 6.000 gallons of contaminated oil at the Niagara-Mohawk Power 

Corporation site in 1986. It: was futher utilized the same year In the decontamination (CO <2ppm 

PCB) of 12 tons of PCB soil at Bengart-Hcmel. PCB processing costs (exclusive ot 

moblUzatlon/demobilization) are estlmaccd at $250-S270/con of contaminated soil. 

Chemical Uaste Management has also employed this technology (with the Involvement of Galson) for 

the destruction of 6000 gallons of dtoxln-contamlnated oil sludge and diesel rinse at the Western 

Processing Superfund site In Kent, Washington. This work was completed over an eight week period 

during the summer of 1986, and dioxin concentrations of 120 ppb were reduced co <300 ppt. 

General Electric has developed a process which utilizes an alkali metal derivative of a 

monomethylated polyethylene glycol'. At liO'C. >99.9% of the PCBs In a 500 ppm PCB-contalning 

oil were destroyed within 45 minutes. Another General Electric patent'" utilizes alkali metal 

mercaptldes In conjunction with PEC or a quaternary ammonium or phosphonlum salt as a phase 

transfer agent, to effect the destruction ot PCBs. At 75*-100'C and 1-24 hours, PCB destructions 

of >99.9» were obtained In some cases. However, large excesses of reagents and phase transfer 

agencs were employed. 

Chemical Waste Management, Inc. Is developing a new procedure (KCHE process) which uses the 

potassium derivative of 2-methoxyethanol for tho destruction of PCBs". For aroclors 1254 and 

1260. >99.99» destruction efficiencies have been achieved, at temperatures ranging from 90*-

110"C. In as little as three hours time. Since stolchlotnetrlc, or even subscolchlometrle 

quantities of reagent are employed, and KGME has only about 25% of the molecular weight of KPEG, 

much less KGME Is required, compared to KPEG. This results In a considerable savings In both 

the costs of reagents and ultimate disposal. A practical application of this technology will 

be demonstrated as part of a remediation of the Resolve, Inc. Superfund site (Massachusetts) 

during this fall. 
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Reduction reactions for PCB destruction usually Involve the use of e i ther a metal (e .g. sodium), 

hydrogen (e i ther as tho clement, a metal hydride, H-radlcal, or other H-donor). or "solvated 

electrons" (sodium naphthalcnlde). The sodium (Acurex) process has been employed by Chemical 

l/astc Management ac I t s Model Cicy, Now York s i t e . During a two month period In che summer of 

1986. about 870 gallons of PCB-contaminated oi l was treated with sodium metal. I n i t i a l PCB 

concentrations ranged from about 250 ppm for 380 gallons and about 1500 ppm for the remaining 

490 gallons. In each case, PCB concentrations were reduced to <1 ppm, with some runs as low as 

0.05 ppm. 

The use of sodium has some drawbacks, however. Including cost , potent ia l hazards associated with 

ics use, and the fact that lc is most effective In t reat ing re la t ive ly low PCB concentrations 

(although the Acurex process has treated up to 10% PCBs successfully) . Some of these 

d i f f i cu l t i e s are overcome by converting sodium to sodium naphchalenide'^ (NaNp, General Electric 

process). This process has been commercialized by Goodyear Tire and Rubber Co. A cyclic lab-

scale reactor for the removal ot PCBs with NaNp has been described. In which 99.5% destruction 

is realized af ter 15-30 minutes of operation at ambient temperature ' ' . 

The ENSR (formerly Sunohto) PCBX process" uses sodium and a proprietary replacement for 

naphthalene, which Is a p r io r i ty pollutant . This reaction produces polyphenylcne. which 

p rec ip i t a tes from the reaction mixture. Oil processing costs are estimated to be $4/gallon. with 

destruct ion e f f ic ienc ies of >99.9% (1100 ppm In i t i a l concentrat ion) . Over 30,000 gallons of 

transformer o i l were reclaimed by th i s process In 1981. 

Hydride reagents for PCB treatment Include lithium aluminum hydride, sodium borohydrlde and 

sodium hydride. LiAlHj and NaBHj have both been employed In analy t ica l PCB determinations, as 

a neans of quant i ta t ing PCBs by che deccnulnlng t:he biphenyl formed from thei r reduction. The 

borohydrlde Is used In the presence of NI^*. which gives r i se to Hj and N I J B " . which ostensibly 

catalyzes tho reduction. Sodium hydride In the presence of alkylamlno. has been used to reduce 

PCB-contaminated o i l s (up to 20.000 ppm). giving 99.9% dehalogenaclon". 

An in te res t ing low ccmperature hydrogenolysis of PCBs has been descr ibed". Sodium hypophosphltc 

Is used as the H-donor. In the presence of 5% Pd/C. The reduction Is carried out at 50*-90"C 

and ambient pressure for one hour. Destruction efficiencies exceeding 99.9% are obtainable by 

t h i s method. 

MODAR. Inc. has developed a supercr i t i ca l fluid oxidation p r o c e s s " which employs water in i t s 

superc r i t i ca l s t a t e (above 647-K and 22.1 HPa). Under these condit ions, oxygen and organics are 

solubl l lzed in the superc r i t i ca l medium, while Inorganics have great ly reduced so lub i l i t i e s . 

In a p i lo t scale demonstration of the process, with an i n i t i a l aroclor 1260 concentration of 1600 

ppa. a destruction efficiency of 99.995% was achieved. 
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l/)w temperature oxidative removal of PCBs has not been attempted commercially, although che 

feasibility of such a method has been recently demonstrated ". Using ruthenium tetroxide. a 

mixture of aroclors 1242. 1254 and 1260 was converted Co COj and HCI, at temperatures ranging 

from 50* to 70*C. Ruthenium dioxide produced In the reaction Is reoxldlzed with aqueous NaOCl. 

The reaction Is believed to proceed through a free radical mechanism. 

The USEPA has recently revealed new technology for PCB destruction", which it is attempting Co 

commercialize. This base-catalyzed decomposition (BCD) process utilizes a proprietary 

hydrocarbon as a hydrogen source/solvent and a base catalyst, at temperatures from 250*-340-C. 

to dechlorlnate PCB contaminated soils, sludges and oils. Radical dechlorination is suggested. 

MTSCELLANFOUS METHODS: 

The superoxide radical anion has been generated eleccrochcmically from air or oxygen dissolved 

in DMF at 1 atm. It Is capable of converting PCBs (e.g. aroclor 1268) to carbonate and chloride 

anions^'. In the absence of air. electroreductlon occurs, yielding successively .less chlorinated 

Intermediates, and finally, biphenyl. Resource Engineering, Inc. has a small portable 

demonstration unit capable of eleccrochemlcally processing four gallons per hour of contaminated 

oil". 

A number of photochemical methods for PCB destruction are known, most of which Involve the use 

of ultraviolet radiation to produce ozone. A unit capable of treating 40.000 gal/day of 50 ppm 

PCB feed co 1 ppm has been described^. In the presence of sodium borohydrlde, 

photodehalogcnatlon is enhanced", possibly through a radical chain propagation, electron 

transfer, direct attack by borohydrlde on the excited chloroaromatlc. or a combination of these 

mechanisms. 

PCB remediation through biological/biochemical methods has been of Interest for some time, 

particularly In light of recent reports that PCB concentrations in highly contaminated Hudson 

River sludge samples are undergoing dehalogenaclon by anaerobic bacteria . These organisms 

appear Co dechlorlnate PCBs, while aerobic ones oxidatlvely convert these partially dechlorinated 

products CO chlorobenzolc acids, possibly In concert with photochemical processes". General 

Electric Is Investigating Cwo PCB-conCamlnated soil cleanup processes", one of which Involves 

extraction with aqueous surfactants,' while che other utilizes bacterial degradation with 

Pseudomonas putlda. Both techniques look promising, but still require considerable development. 
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