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LABORATORY METHODS FOR THE AEROBIC DESTRUCTION OF PCBS: A VIABLE APPROACH
TOWARDS ENVIRONMENTAL CLEANUP ?

P. Adriaans

Dept. of Civil Engineering, Stanford University, Stanford CA 94305

ABSTRACT -

The minaralization of Aroclars 1242 in soll, measured as 14COa evolution, was greatly
enhanced upon inoculation with Acinetobacter sp. stiain P6 (a PCB cometabolizer) and
Pseudomonas aeruginosa straln JB2 (a commansal which grows on chlorobenzoates), when
amended with biphenyl. Alternatively, an agrobic continuous reactor system with pura axenic
cultures of stain P6 and Adinafobacter sp. strain 4-CB1 was able to mineralize selected PCB
congenars. Both systems appear to be promising approaches towards application.

INTRODUCTION

The potantial of asroblc degradation of PCBs has been investigated 1-5. Far these pracesses
1o be applicable in in sitw (no dispiacement of the soll matrix} and on site {with displacemant)
bloremadiation mathods, extansive Infarmatian is required on tha degradation kinetics of PCBs
(both in pure cuiture and at the concentrations and snvironmental conditions present in soll), on the
nature of tha degradative processes and the interactions betwesn the microorganisms, on the fate
of the PCB co-metabolites (chiorobenzoates, chiorocatechols) invelved, and tastly on the Infuance

ot tha physico-chemical parameters {i.6. aquecus Solubility, vapor prassure and sorption reactions)
of PCBs.

EXPERIMENTAL METHODS

Resting cefl incubations with {14C] Arocior 1254 have been describad in Kohier et al. 1, while the
soil incubation proceduras with {14C} Aroclor 1242 have been described previously 58, The
continuous aarobic reactor set-up is described in Adriaens and Focht 3. The tollowing water
soluble amounts of PCB congeners were supplied to the microbial biofiim (per day): 4,4
dichlorebiphenyl (3.0 mg), 3,4-dichlorabipheny! (1.3 mg}, and 3,3'4,4'-tetrachlorobipheny! (0.3 mg)
Additionally, on day 17, a shock joad of 4,4™-di- (100 mg {*) and 3,3' 4,4"tetrachlorobiphenyls (10
mg 1) was applied to the biofiim.
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RESULTS AND DISCUSSION

Microbial substrate kinetics in soll indicated that microorganisms behave similar to resting cells
{high maintenance requirements) or growing cells (lower maintenance), depending on the type of
substrate added 7. The results from Table | show that growing cells are physiologically more stable
than resting cells with respect to metabolism of bipheny! and transtormation of PCBs. Moreover, it
was noted that growing cells outperformed 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).

A "

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

% "“Cinherane % '“Cin hexane
Strain and cell type ufter acidic alter basic
extriction® recatruction®

Aclnetubacier sp. stran P&

resling cells
Control® 9 97
an 4.5 ol #1
ob oy v 8 -
Acinetobacier sp sirsin P6 0 13 20 2
growing cells
Control 99 101
Sample’ 69 69
Arthrobacier sp. Sttaun B13
resting ceils
Control 101 10}
oD so Nn 9s
oD1s 92 93
Atihrabacter sp. sirain BIB
growing cells
Control 9 99
Sumple BO 71

" The incubatiun wai stopped by addition of cuncentrated H,50, (10%).
Aftcr sddition of Trton X-100 and Na, SO, the incubation auxiure was
exiracied with 4 volumes of haxane for | k. The hexano phase was reexiracted
with 2 ml of 0.1 N NaOH 10 separate acrdic and polar metabolites.

* Percantages bascd on 100% being 79.000 and 9.500 dpmimi for resting and
gruwing cells. respectively.

20 EH]
+ Controls were kiled with AZNO, 110 mM). 1 " winures

¢ 0D. Optical deauity
 Grown on 500 mg of bipheayl hiter*; aplical densny = 1.0 at the end of
the incubation.

Figure 1 : GC comparisons of Aroclor 1254
transformation by resting cells (A) and growing
cells (B) of Acingtobacter 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 of [14C] Aroclor 1242 in soils were greatly enhancad by the
addition of biphenyt (in concert with the indigenous microflora), compared to the addition of PCB
cometabolizing bacteria alone. The mineralization of PCBs, measured as 14002 evolution, was
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delayed until after the mineralization of BP, and accounted for 48 % of the amount of PCB added
(Table II).

Table Il : Residual Aroclor 1242 and 14C recovery from soils incubated for 49 days. From Focht
and Brunner 6.

% “C parutionng

. . - niC
Trenment BB Hemne piccd lumioad  Soil esdue He- co, recovered
o8 3209 104 02 124201 12=16 3M4z10 7199
5 M9 =05 127 $02  I24=01 153:19  329=02 1938
uB 150208 169 02 1S=13  12=10 82=01 80
Control Sex2l M6 $0.05 16821 0 18=01 959
Control + ARNO, 931222  Tl6 =005 168 =20 o 0 541

<90, $B. and UB Ireatments contained 0.33 g of BP per g of saul.

* Percentage of ariginal Aroclor 1242 remaining afier extraction with hexanc-acetone {1:1, vol'val) and determined by gas chromatography. Values are reported
a3 the mean = standard devistion snd were corrected on the basis of an 84 = 4% exiraction eMcicncy.

< Values are repored as the mean = siandard devintion. When no standard deviation i given. only ons determination was made,

Based on the 14C0O, evolution data, It was concluded that the 14CO;, production of PCBs could
not be based on the metabolic activity of one speclas, the inoculated BP oxidizer, but is rather the
result of metabolism of the cometabaolic products from PCBs by indigenous commensals.
Additionally, it was observed that both [14C] Araclor and [14C] resldues were Incorporated in soll
biomass and stabllized in humus (Table If). Soil Incubations with Aroclor 1242, and inoculated both
with Acinetobacter sp. strain P6 and Psudomonas aeruginosa JB2 (a versatile chlorobenzoate
commensal) indicated that the rate of 14CO, liberation was dependent on the chlorobenzoate
metabolizing strain.

To mimick the soil environment, an aerobic blofilm consisting of Acinetobacter sp. strain P6 (a
PCB cometabolizer) 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 cometabolism.
Although the PCBs were degraded to an array of intermediates, the degres of minerallzation was
low : 6.5% and 10% of 4,4'-dichlorobiphenyl and 3.4-dichlorobiphenyl was recovered as inorganic
chloride (Table IIl). The second order rate constants for the growth and cometabolized 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 banzoate. Moreover, the interaction of physico-chemical parameters (i.e.
solubility and diffusion of the substrates) and biological parameters (i.e. Monod constant Ky, second
order rate constant k/Ky , microbial competition for the growth substrate) was responsible for the
restconcentrations observed in the effluent and on the foam matrix, and the low degrae of
mineralization.

Although a succession of microorganisms, whether pure axenlc cultures or a combination of an
inoculum with the indigenous microfiora, was able to minerallze Aroclors and individual PCB

Organohalogen Compounds 3 349




congeners bound to an inert medium or soll matrix, carefu! attention has to be given to the |
accumulation of partially metabolized PCBs and low concentration metabolites which may link into 1
humic constituents. Whether this fact constitutes an environmentally acceptable criterion of
metabolism to inocuous products bears attention in future sfudies.

Table Ill : Degradatlon of PCB isomers by a coculture of two Acinstobacter sp. during a 45 day i
period (values are given in mM chloride). From Adriaens and Focht 3. '

Conganar Malabolite Recovery from I

(mM added) Acquous phase Solid phase” J
............ MM Chlaeemnieanns f
4.4'-0CBP 4.4.0CBP . 1.566
{4 400 mM) ringtisslon product 0.718 1.580
4-chlofobanzoals 0.272 0.029
inorganic chioride 0.180
{
3.4.DCEP 3,4.0CBP . <0.001 |
(0.468 mMy unglistlon - -
3,4-dkchlorobenz. 0.328 0.060 .
3-chl-4-hydroxybenz. 0.052 H
quinona Not quantified - !
inorganic chlorida 0.052 :I
d
3.34.4-TCBP  3,3'4.4.TCBP . a.118 1
(0376 mM)  ringtissian . '
J.4.dichlorabenz, - 0.120
3-chl-4.hydroxybenz. -
quinone . i
inorganic chlaride . - 1

* Based on total Soxhist exwact of patyursihane loam and biofllm.
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