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ABSTRACT : 

Methanogenic degradation of chlorophenolic compounds hae been etudied 

under conditlone of continuouB substrate feeding in an upflow sludge 

blanket bioreactor (operative volume, 140 cm3) using 2,6-dichlorophenol 

C2,6-DCP) as the model substrate. 

TNTROnnCTTON : 

Previous batch-culture experimente in thio laboratory have shown the abi­

lity of methanogenic Gurface-layer sediment from the highly polluted Saale 

river to completely degrade various mono- and dichlorophenols after a cer­

tain initial acclimation period with CH4 being produced in amounts corres­

ponding to 6&-95% of the theoretically possible value (KAMINSKI et al. in 

preparation). In the present work, an upflow sludge blanket bioreactor hae 

been developed to study methanogenic degradation of chlorophenolic com­

pou nds by pre-adopted anaerobic conoortla from Soalc river GCdifflent under 

conditions of continuous substrate feeding using 2.6-DCP as the model sub-

ctrate. 

EXPERIMENTAL PART : 

Stable 2,6-DCP-metaboli2ing methanogenic enrichment cultures were obtained 

by inoculating pre-reduced phosphate-buffered RAMM-medium (SHELTON and 

TIEDJE 1934) with black anoxic mud (10% w/v) collected from Saale river 

near Jena and subsequent stationary incubation (including periodical 

refeeding with 2,6-DCP as the sole organic carbon substrate) under strict­

ly anaerobic conditions for appr. 2 years in analogy to the procedure des­

cribed by KAMINSKI et al. (1990). The particulate fraction from cultures 

of this type was collected (under nitrogen etream) and used as the 

inoculum material for subsequent long-term degradation experiments in up­

flow reactor systems (working volume, 140 cm3) of a design shown in Fig.l. 

Three of such reactors were operated simultaneously with the following mo­

difications : (1) with 120 cm3 of inoculum (bioreactor 1), (il) with 40 

cm3 of inoculum (bioreactor 2), (iii) with no inoculum material added 

(abiotic control; reactor 3) . 
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2,li-DCP and Ite dechlorination produci.c 2-chloroi'henol (2-HCP) and phenol 

were analyzed by gar,-liquid chromotography. For thio purpose, 1-nl camples 

from the influent and effluent, reep.. werc acetylated hy odciing 0. ,0 ml 

10% NaHC03 (contoining 1 mM m-creEol ar. the internol etondard) ond bO ul 

of freshly dictilled acetic anhydride. Then, the mixturco were extracted 

each into 200 ul n-hexane and the hexane phases were analyzed with a 

GC14A-type gas chromatograph (Shimadzu, Japan) equipped with a HP-1 

(Hewlett-Packard, USA) capillary column and a flome-ionization detector. 

(Inder the eondltione used, the relative retention times (compored to m-

creool) were : 2,6-DCP, 1.21: 2-MCP, 1.05; phenol, 0.68 . 

Redox potential meaeuremente were performed with a MV87-type digital pH-

meter (PrSzitronlc, GDR) using a platinum electrode and a KElO-type 

(Hg/Hg2C12/KCl saturated) reference electrode. 
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RESULTS Aim DISCHSSTON : 

Following inoculation with the particulate fraction of 2,6-DCP-metaboll-

zing methanogenic batch-cultures, ortho-dechlorlnatlng activity towards 

2,6-DCP as well as a redox potential of loss than -250 mV were maintained 

in both bioreactors 1 and 2 for more than 120 days under the operative 

conditions used. In contrast, 2,6-DCP removal in reactor 3 (abiotic con­

trol) did not exceed 6X (without formation of any dechlorination product). 

Ae shown in Fig. 2, in bioreactor 1 substrate loading rates of up to 8 mg 

2,6-DCF per day at a hydraulic retention time (HRT) of 1 day were achieved 

at a substrate conversion efficiency of >90X . A considerably lower 2,6-

DCP-degrading volumetric activity was seen in bioreactor 2 indicating that 

thio parameter eoeentlally depended on the Inoculum size. In general, how­

ever, the specific aubetrate conversion rates in bioreactors 1 and 2 were 

nearly those calculated for the foregoing batch-culture experiments. 
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In both hiorojctorii , .'.-MC]' .in unij ,,u ph,7n..->i uoro found ,Tn tho productn of 

reductive ortho-dechlorination in conccntr.-it ionc which depended on the ac­

tual euhctrate loading rate. 

Anaerobic blofilters represent a low-coi-;t alternative to traditional 

aerobic activotiid-eludge nyGtems in the context of bioremoval of riskful 

man-made organic compounds. The results of our model experiments clearly 

evidence thot pre-adopted methanogenic consortia like those from Soole 

river sediment can be used ao a special biological Inoculum material to 

develop/initiate anaerobic treatment systems for an efficient elimination/ 

detoxification of 2,6-DCP and other chlorophenolic compounds from indue-

trial waste waters or contaminated groundwaters. It io intended to use the 

developed anaerobic upflow bioreactors for further experiments on biotrone 

formation (i.e. reductive dechlorination) of highly chlorinated phenols 

and other persistent chloroorganic compounds under conditions of continu­

ous substrate feeding by mixtures of differentially acclimated methanoge­

nic consortia in the absence /presence of easily degradable organic carbon 

compounds. 

RKFKRPNCKS : 

DR. SHELTON, J.M. TIEDJE : Appl. environ. Microbiol., 47:850-857 (1984) 

U. KAMINSKI et al. • J. Basic Microbiol., 30-. 000-000 (1990) 

366 Organohalogen Compounds 1 

 
1990




