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ABSTRACT 

The mineralization of Aroolors 1242 In soil, measured as ^''COs evolutlori, was greatly 
enhanced upon inoculation with Ac^netobacler sp. strain P6 (a PCB cometabollzer) and 
Pseudomonas aeruginosa strain J82 (a commensal which grows on chlorobenzoates), when 
amended with biphenyl. Alternatively, an aerobic continuous reactor system with pure axenio 
cultures of stain P6 and Adnatobacter sp, strain 4-CB1 was able to mineralize selected PCB 
congeners. Both systems appear to be promising approaches towards application. 

INTRODUCTION 

The potential ot aerobic degradation of PCBs has been investigated ^-5. For these processes 
to be applicable In in situ (no displacement of the soil matrix) and on siia (with displacement) 
bloremediation methods, ertenslve Information is required on the degradation kinetics ol PCBs 
(both tn pure culture and at the concentrations and environmental conditions present In soil), on the 
nature of the degradatlve processes and the Interactions between the microorganisms, on the (ate 
of the PCB co-metabolltes (ohiofobenzoates, chlorocatechols) Involved, and lastly on the Infuence 
of tha physico-chemical parameters (i.e. aqueous solubility, vapor pressure and sorption reactions) 
of PCBs. 

EXPERIMENTAL METHODS 

Resting cell Incubations with (^^C) Aroclor 1254 have bean described In Kohler et al. ^ while the 

soil incubation procedures with ['^C] Aroclor 1242 have been described previously 5.8. The 

continuous aerobic reactor set-up is described in Adriaens and Focht 3. The tollowing water 

soluble amounts of PCB congeners were supplied to the microbial blofilm (per day): 4,4'-

dichloroblphenyl (3.0 mg), 3,4-dichlorobiphenyl (1.3 mg), and 3,3'4,4'-telraohloroblphenyl (0.3 mg) 

Additionally, on day 17, a shock load of 4,4'-di- (100 mg |-i) and 3,3',4,4'-tetrachloroblphenyls (10 

mg |-') was applied to the biofilm. 
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RESULTS AND DISCUSSION 

Microbial substrate kinetics in soli indicated that microorganisms behave similar to resting cells 
(high maintenance requirements) or growing cells (lower maintenance), depending on the typo of 
substrate added 7. The results from Table I show that growing cells are physiologically more stable 
than resting cells with respect to metabolism of biphenyl and transformation of PCBs. l\^oreover. it 
was noted that growing cells outperfomied resting cells in their ability to transform Aroclor 1254 in 
two ways: (i) growing cells transformed congeners to a greater extent than resting cells did, and (ii) 
growing cells transformed congeners that were not attacked by resting cells (Figure 1, from ref. 1). 

Table 1 : Transformation of [14CJ Aroclor 1254 
by resting and growing cells of Acinetobacter 
sp. strain P6 and Arthrobacter sp. strain B1B. 
(From ref. 1). 

Aclneiubacier i p . i l r k tn P6 
r e i l i n f cells 

Con l r o l ' 99 97 
o n 4.3-' '^1 HI 
0 0 0.9 93 HU 

Ac ine iobac i t r Sp strain P6 
Browing cells 

Conl ro l 99 101 
S i m p l e ' 69 69 

A n h r o b i i e i t r %p. slrajn B l U 
retUng cells 

Control lOl 103 
O D 6 . 0 91 95 
O D 1.3 92 93 

A / l h r i / b a a f r if>. strain U IU 
g r o w j n i cells 

Control 99 99 
Siunplc Rd 77 

•The iiKutMlkm * -« itoppeJ by KhJition of tvncemrBicJ H,SO, rilWH. 
After HMiikm of Tnion X-tDO •nd N i ^ O . the ineutuiion nunure » u 
CRlracicdwjih4voliimtso(h*xirMrw t h. Tho hexina phase * a i rccxlrKicd 
wkh 2 ml of 0,1 N H>OH lo icpiraie aodic U K I po1« mi ibol i ics, 

*• PcrHMUfci bawd on lOOK b(i i t | 79.D00 utd 9.MU Jpm/ml lof ic i t in t ind 
•rowini celiv rcspcclivcly. 

< Controts wcic k'Hcd wiih A | N O , (10 mM|. 
' O D . OptkaldenKtr 
' Crown on SOO m | or txphcnyt t iw / - ' ; optical dcnitiy - 1.0 at the and of 

Ihe incubation. 

u 
Figure 1 : GC comparisons of Aroclor 1254 
transformation by resting cells (A) and growing 
cells (B) of Acinetobacter sp. strain P6. Note the 
differences in peaks 1, 2, 4, 7, 8, 12, 16, 22, 23, 
25, 26, 29, and 35. Chromatograms were 
normalized with respect to peak 36. 

Metabolism and mineralization ot [i^C] Are>clor 1242 in soils were greatly enhanced by the 
addition of biphenyl (In concert with the indigenous microflora), compared to the addition of PCB 
cometabolizing bacteria alone. The mineralization of PCBs, measured as 1^002 evolution, was 
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delayed until after the mineralization ot BP, and accounted for 48 % of the amount of PCB added 
(Table II). 

Tablo III : Residual Aroclor 1242 and I^C recovery from soils incubated for 49 days. From Focht 

and Bainner ^. 

9D 

JB 
UD 
Conlrol 
Conlrol + A B N O , 

a P C D i * 

± 0 . 9 
1 0 . 5 
1 0 . 8 

± 2.1 
i 2.2 

iceione 

10.4 
12.7 

16.9 
71.6 

71.6 

5.8 
4.4 
4.2 
4.2 

4.2 

v k i c k l 

t 0.1 
± 0 . 2 
± 0 . 0 1 
± 0 . 0 6 

± 0 . 0 6 

% " C pwiii ioiunr 

Humk K id 

2.7 
2.1 
2.0 
2,7 
2.7 

± 0 . 2 
± 0 . 2 
± 0 . 2 

± 0 . 0 5 
± 0 . 0 ! 

Soil rciiduc 

12.4 
12.4 
13.5 
16.8 

16.8 

± 0 . 1 
± 0 . 1 
± 1.9 

± 2.1 
± 2.0 

HCO, 
CO, 

17.2 ± 
15.5 i 
11.2 ± 

0 
0 

1.6 
1.9 
1.0 

CO 

31.4 ± 
32.9 ± 
38.2 ± 

1.8 ± 

0 

1.0 
0.2 
0.1 

0.1 

» " C 

79.9 

79.8 
86.0 
95.9 
94.1 

• 9D. JB. u id UB lreitm«nii cont»>r«d O.JJ | of BP per | of loi l . 
' Pereemige of o r i i in i i Aroclw 1241 remiimni ifier eMraeiion wllti lw»ine.»cetone (1:1. vol/voll ind delermincd by l a i chronuioinphy. V i lue i i n reponed 

u Ihe rfein ± Mtrtdind d«vjition ind *ere corrtcled on the b i i l i of i n 84 t 4ft eilraciion elfciency. 
' V»[ue) ire rcponed i t the mem ' t l indird dcviiiion. When no i iandvd dcviaiinn i i l iven, only ont deierminiiian * i [ n ide . 

Based on the 1''C02 evolution data, It was concluded that the I'tCOj production of PCBs could 
not be based on the metabolic activity of one species, the inoculated BP oxidizer, but Is rather the 
result of metabolism of the cometabolic products from PCBs by Indigenous commensals. 
Additionally, it was observed that both ['••C] Aroclor and [i''C] residues were Incorporated in soil 
biomass and stabilized in humus (Table II). Soil incubations writh Aroclor 1242, and inoculated both 
with Acinetobacter sp. strain P6 and Psudomonas aewginosa JB2 (a versatile chlorobenzoate 
commensal) indicated that the rate of i''C02 liberation was dependent on the chlorobenzoate 
metabolizing strain. 

To mimick the soil environment, an aerobic blofilm consisting of Acinetobacter sp. strain P6 (a 
PCB cometabollzer) and Acinetobacter sp. strain 4-CB1 (a commensal that grows on 
chlorobenzoates) was established. Since benzoate was used as the growth substrate, biphenyl 
vapors were Introduced to induce the biphenyl dioxygenase required for PCB cometabollsm. 
Although the PCBs were degraded to an array of intermediates, the degree of mineralization was 
low : 6.5% and 10% of 4,4'-dichloroblphenyl and 3,'1-dichloroblphenyl was recovered as inorganic 
chloride (Table III). The second order rate constants for Ihe growth and cometabollzed substrates 
involved demonstrated that both a low cosubstrate concentration and and a non-selective growth 
substrate (benzoate) slow down the degradation rate of the chlorinated compounds compared to 
the rate of utilization of benzoate. fvloreover, the interaction of physico-chemical parameters (I.e. 
solubility and diffusion of the substrates) and biological parameters (I.e. Monod constant K^, second 
order rate constant k/K^ , microbial competition for the growth substrate) was responsible for the 
restconcentratlons observed In the effluent and on the foam matrix, and the low degree of 
mineralization. 

Although a succession of microorganisms, whether pure axenio cuHures or a combination of an 
inoculum w/lth the Indigenous microflora, was able to mineralize Aroolors and individual PCB 
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congeners bound to an Inert medium or soli matrix, careful attention has to be given to the 
accumulation of partially metatiollzed PCBs and low ojncentration metabolites which may link into 
humic constituents. Whether this fact constitutes an environmentally acceptable criterion of 
metabolism to inocuous products bears attention in future studies. 

Table i l l : Degradation of PCB Isomers by a coculture of two Acinetobacter sp. during a 45 day 
period (values are given In mM chloride). From Adriaens and Focht 3. 

Conge fwr 

(mM tddod) 

J,4-0CBP 

(4 400 mM) 

3.4-DCaP 

(0.468 mM^ 

3.3-<.4'-TCBP 

(0.376 mM) 

Maubout* Recovflry (rom 

Acquous phasa 

4.4-.0CBP 

rlnglisakin product 

4-chlorobenzotlt 

inorganic chlorlda 

3,4-OCBP 

tlngllttlon 

3,4-dlchlorot)flni. 

3-ctil-4-hy(JfoiyD«ni. 
quinone 

inorganic chtoridg 

3,3*4.4-.TCBP 

rlngtiii lon 

3.4.(Jichlorob«n«, 

3-chl'4.hydroxyb«nz. 

quinont 

tnorginic chtorid* 

0.718 

0.272 

O.IBO 

0.32B 

0.052 

Not quaniiried 

0.0S2 

Solid pttass* 

1.M6 

1.580 

0.029 

cO.OOl 

0.060 

0.M8 

0.120 

' Baitd on BUl SonNil M t e i ol polyuiilliaiw lovn ind bafllm. 
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