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The success of the newly developed methodology to evaluate anaerobic biodegra-
dability of organic compounds using the Micro Oxymax respirometer and TOC analyzer
made this method potentially useful for a variety of investigations. Regarding the many
parameters measured during the experiment in the liquid and gas phases, the method pro-
vides good insight into the kinetics of anaerobic process and accurate mass balance,
which could be obtained at any time during the assay. This method was used for deter-
mining of anaerobic biodegradability of the waste from the pharmaceutical industry-waste
fermentation broth, and for the proposal of operational parameters for the start-up of the
continuous process. The tests were performed in 250 ml vials at a wide range of initial
substrate loading ratios (0.05-4.6 g, . g, ')- The average biodegradability of the sub-
strate was 92 % at initial loading ratios between 0.05 and 1.7 g, 8¢ - At higher initial
loading ratios 2,3 g, g, ' and more, the inhibition of anaerobic biodegradation was
detected. Retention times needed for a 70 % and 85 % degradation efficiency were eval-
uated and used as a proposal for the starting-up substrate loading rate of the continuous
reactor operation. An optimum initial substrate mass concentration without an inhibition
effect was estimated and the fraction of methane gas in produced biogas was calculated
for each initial loading.
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Introduction biodegradability since no chemical procedure is

) ) available which distinguishes between biodegrad-

The involvement of new technologies and able and non-biodegradable organics (Gledhill,
products in the pharmaceutical industry causes 1979). Owen et al., 1979, provided the first de-
some problems with the disposal of highly concen- scription of such a test method, drawing on previ-
trated wastes. In such a case the anaerobic pretreat- ous gas measurement (Nottingham et al., 1969)!!
ment seems 1o be an advisable technology. The se- 4 i1 cubation bottle (Miller et al., 1974)!" meth-

lection of the most suitable equipment to be em- ods. They based their method on measurement of
ployed in the anaerobic treatment of a particular the 'excess as volume (CH, + CO,) produced afte
substrate strongly depends on the substrate nature ' & Lo 2) procu T
and consequently on the limiting steps of the pro- addition Qf a test chemical to an anaerobic seed in-
cess (Jenicek et al., 1993).8 Therefore, the substrate gubated in sealed bottlgs. Subsequently, Gl?dhl”
anaerobic biodegradability and toxicity should be improved the method with the goal of defining a
determined in advance and on the basis of the ob- sunplt? protocQI that shou'ld be estgbhshed by the
tained results the selection of the operational pa- American Society for Test.lng Materials (ASTM) as
rameters should be carried out (Grady et al., 1985).6 a standard method.(Gledhzll, 1979). Techmque's that
Bioassay techniques for measuring the pres- follow test chemical degradation by the simple
ence or absence of inhibitory substances are most measurement of tOt".ﬂ net gas productlon, have b;en
promising for resolving anacrobic treatment prob- proposgd as convenient screening tests for assessing
lems, because they are relatively simple and inex- anac_aroblc l?l_()degradatlon potential under methano-
genic conditions (Shelton et al., 1984).'% In 1995 the

pensive, and do not require knowledge of specific ; .
inhibitory substances (Owen et al., 1979).12 Also first International Standard for evaluation of the ul-

bioassay techniques are essential for determining timate anaerobic biodegradability of organic com-
pounds in digested sludge was issued (ISO 11734,

T 1995).7 Present tendency of many researchers is to
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ment procedure (Gorris et al.,> 1988; Massone et
al.,’ 1996; Rozzi et al.,'* 2000).

The purpose of this work is:

1. to present a new bioassay test for evaluation
of anaerobic biodegradability and toxicity of or-
ganic compounds using the Micro Oxymax respiro-
meter and TOC analyzer, and

2. to present the use of this method for the pro-
posal of the initial operational parameters of the
continuous process treating waste fermentation
broth from clavulanic acid production.

The method was also compared to other known
methods; to usually used methanogenic activity
tests (Gledhill,* 1979; Owen et al.,'? 1979; Young et
al.?% 1993; Shelton et al., 1984;'% Stephen et al.,'t
1984; Anderson et al.,? 1991; Zabranska et al.?!
1994; 1SO 11734,7 1995) and the advantages of this
new bioassay test were listed out as stated in the
conclusion.

Materials and methods

The methodology of a new bioassay test using
Micro Oxymax respirometer and TOC analyzer to
determine anaerobic biodegradability and toxicity,
is specified here. Also the important experimental
procedures and calculations for testing waste fer-
mentation broth from clavulanic acid production
and for the proposal of the waste initial operational
parameters of the continuous anaerobic process, are
listed bellow.

Caracteristic and the preparation
of the inoculum used

Anaerobic biomass used for the inoculation of
the samples was collected from an anaerobic stabili-
zation of waste sludge treating 41 % domestic and
59 % industrial wastewater. Sludge was collected in
wide-necked bottles constructed from high density
polyethylene and sealed tightly. After transport to
the laboratory, pre-digestion of the sludge was car-
ried out to reduce unspecific gas production and to
reduce the influence of the blanks. The sludge was
digested without the addition of any nutrients or
substrates, at 3542 °C for 7 days. Predigested
sludge was than washed, just prior to use, to reduce
the v, content to less than 10 mg I"! in the final test
solution, by centrifuging it in sealed tubes at rela-
tively low speed (e.g. 3000 x g) for up to 5 minutes.
The pellets were than suspended in an oxygen-free
test medium, centrifuged and the washing water
was discarded. The washing procedure was re-
peated until the v, content of the wash water has
not been sufficiently lowered (ISO 11734, 1995).”

Caracteristics of the materials tested

Waste fermentation broth had been previously
filtered through filters with pore diameter 0,14 mm
and then analyzed. Analytical measurements of the
tested waste fermentation broth from clavulanic
acid production are summarized in Table 1.

Table 1 — Analytical measurements of the tested waste fer-
mentation broth from clavulanic acid produc-

tion.

Measurement Quantity Unit Value
TOC y g 1! 50.4
pH 4 5.12
chloride (CI") y mg I'! 68
nitrite-N (NO,") y mg I'! 0
nitrate-N (NO;3") y mg I'! 96
phosphate-P y mg 1! 270
sulfate y mg 1! 50
ammoniacal-N y mg 1! 593
N-tot y mg I'! 3000

Preparation of test and control assays

Test medium containing the constituents as
stated in (ISO 11734, 1995),7 was prepared. Washed
predigested sludge was suspended in the requisite
volume of test medium to give a concentration of
volatile suspended solids in the range of 1 to 3 g 1.
All the above operations were carried out in a dry
box flushed with nitrogen to assure anaerobic con-
ditions. Homogeneous transfer of the suspension of
the test medium and inoculum to the test chambers
was ensured by using a peristaltic pump placed in a
dry box. The tests were performed in 250 ml vials
with a useful volume of 200 ml in triplicates for test
compound and blank and 1 vessel each for refer-
ence substance and inhibition control (Stergar,
1999).18

Test compound. The test compound: waste fer-
mentation broth was added to the mixture of
inoculum and test medium to get an initial loading
ratio of (0.05; 0.075; 0.30; 0.49; 1.10; 1.7; 2.3 and
4.6) groc Bvss -

Reference substance: Phenol was used as a
reference substance. Stock solution of phenol was
added to the mixture of inoculum and test medium

to maintain the concentration of phenol 100 mg 1!
TOC.

Inhibition control. Equal mass concentration
of test compound and reference substance: 100
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mg 1! TOC, were added to a vessel containing test
medium. The composition of the test medium is
presented in Table 2 and 3.

Blank vessel. Equivalent amounts of anoxic
water were added to the mixture of inoculum and
test medium.

Analytical methods

The determination of total suspended solids
(TSS) and volatile suspended solids (VSS) was car-
ried out as stated in (APHA, 1998).! Respirometric
measurements were done on modified Micro
Oxymax respirometer for measurements under an-
aerobic conditions (Columbus Instruments, 1996).6
Total organic carbon, TOC, inorganic carbon, IC,
and total carbon, TC, analyses were obtained using
Schimadzu Total Organic Carbon Analyzer model
TOC-5000A (Shimadzu Corporation, 1998)."5 Lig-
uid phase was sampled during the assay through
septum lid.

Respirometric measurements

After preparation of the test and control assays,
the test vessels were placed in thermostated water
bath at 3542 °C and connected to a Micro Oxymax
respirometer to measure the concentration and com-
position of the gases in headspace volume. Figure 1
shows the Micro Oxymax respirometer in operation
under anaerobic conditions. The fraction O,, CO,
and CH, gas levels of the test chamber environment
were measured periodically, and the changes in the
levels were used to compute the CH,, CO, produc-

Table 2 — Composition of the test medium used in anaero-
bic bioassay tests.

Compound Mass concentration mg 17!
KH,PO, 270
Na,HPO,-12H,0 1120
NH,CI 530
CaCl,2H,0 75
MgCl,-6H,0 100
FeCl,-4H,0 20
resazurin (oxygen indicator) 1
Na,S-9H,0 100
Solution of trace elements 10 ml 1!
Table 3 — Composition of the solution of trace elements

used in anaerobic bioassay tests.

Compound Mass concentration mg 1!
MnCly4H,0 50
H;BO; 5
ZnCl, 5
CuCl, 3
Na,MoO,-2H,0 1
CoCl,-6H,O 100
NiCl,-6H,0 10
Na,SeO; 5

Fig. 1 — Micro Oxymax respirometer in operation under anaerobic conditions.
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tion and to control the oxygen absence, if anaerobic
conditions were given. This system represents a
fully automated approach utilizing a microcomputer
as a dedicated controller. With the addition of op-
tional Expansion Interfaces, the system was ex-
panded to 40 channels (measuring vessels). The Mi-
cro Oxymax respirometer was prior modified to
maintain proper measurements under anaerobic
conditions by:

(I) connecting the bottled gas with adequate pres-
sure regulators (nitrogen port: pressure = 0.054
105 Pa, gas flow rate = 0.25 — 0.50 1 min'; cal-
ibration port: pressure = 0.72 10° Pa, gas flow
rate = 4-5 1 min™') to the system sample pump
(Stergar, 1999),"7

(IT) ensuring anaerobic composition of the bottled
gas: ¢ = 99.999 % N,, below 2 ppm O,, 5 ppm
H,0, 0.5 ppm H, and 0.5 ppm hydrocarbons,

(IlT) installing charcoal filters between condensers
and dry expansion units to avoid the problems
specified in an article (Stergar et al., 1999),!718

(IV)ensuring tight tubing connections and the sys-
tem without leaking to obtain accurate results
and anaerobic conditions (Columbus Instru-
ments, 1996),

(V) ensuring accurate equipment to thermostat
sample chambers at 35+2 °C during measure-
ments (Stergar et al., 2000),"

(VI)changing software settings for operation under
anaerobic conditions (Stergar, 1999).1718

Biodegradation studies

Initial concentrations of waste fermentation
broth were obtained as y;oc (mg I'') measurement.
The theoretical amount of carbon in produced
biogas should be equal to the initial concentration
of carbon in the liquid phase at 100 % mineraliza-
tion. The produced mass or volume of CO, and CH,
was measured by the Micro Oxymax respirometer
and the obtained measurements were calculated to
the mass of carbon in produced biogas. The extent
of biodegradation (D,) was calculated using equa-
tion 1. D, (%) is the total biodegradation calculated
from respirometric and TOC measurements of CO,
and CHy. Yrocinital 204 Yrocpiank (Mg 1) are the ini-
tial concentrations of organic carbon in liquid phase
of test chamber and blank chamber, respectively. y,
(mg I'") is the total mass of carbon in liquid and gas
phases per volume of liquid phase, calculated from
respirometric and ;o measurements. y, (mg 1) is
the mass of produced carbon in biogas per volume
of liquid phase, and y, (mg I") is the concentration
of dissolved inorganic carbon in the liquid phase.
Vicsample AN Vicppne (Mg 1) are the values of inor-
ganic carbon of the test chamber and blank cham-
ber, respectively.

-100
D= (1)
YT1oc; ~ YToC,

Ve~V t ¥m )
Yi = Yies — Yicw (3)
y _VCH4‘MC+Vp'MC @)

" My, Mo,
Ycna = YcHaresp. — Y CH4blank (%)
yp = yCOZresp. = Ycooblank (6)

Yepa (mg 171 is the cumulative value of CH,
production per volume of liquid phase, ¥ ¢y, and
Yenavlank (Mg 1) are cumulative values of produced
CH, per volume of liqud phase measured in test
chamber and blank chamber, respectively. y,
(mg I'") is the cumulative value of CO, produced in
headspace gas per volume of liquid phase and mea-
sured by Micro Oxymax respirometer, Ycopres,. a0d
Yeomlank (Mg 1) are the cumulative values of pro-
duced CO, measured in headspace gas of the test
and blank chamber, respectively and calculated per
volume of liquid phase. M,, M4 and M, are the
molar masses of CO,, CH, and carbon, respectively.
Biodegradation curves were plotted as % of degra-
dation versus time.

The volume or mol fraction of methane gas in
produced biogas was calculated by equation 7. In
the calculation the following should be considered:
measurements were done at constant pressure and
temperature and only methane and CO, represent
the composition of produced biogas.

275-¢

Yo = 575641 )
Mcy,
CCH4/C02 = meo, (8)
nR-T
V= 9)
p

Where V' is volume of gas (m?), R is constant for
gas (8.314 J mol™! K™'), p is pressure of the gas
(Pa), T is temperature (K), n is amount of the gas
(mol), ¢y 1s volume fraction of methane gas (%)
and &cpcop 18 mass ratio of methane and CO,,.

Results and discussion

Table 4 summarizes the operational parameters
of the tests and the data measured and calculated.
The process was optimized for two degradation ef-
ficiencies 70 % and 85 %. Degradation efficiency
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Table 4. - Test parameters.

Sample ‘ 1 ‘ 2 ‘ 3 ‘ 4 ‘ 5 ‘ 6 ‘ 7 ‘ 8
TOC initial, mg 1! 100 600 990 2200 3400 4600 9200
initial loading, Y7o gvss ' 0.05 0.30 0.49 1.10 1.70 2.30 4.60
cumulative biogas production mg I''tc 92 562 1002 1980 3067 3312 2843
TOC biodegradability: D,, % 92.0 93.6 93.5 90.0 90.2 72.0 30.9
¢@cus in biogas, % 54 65 72 71 70 67 50
time of 70% efficiency, d 10 10 13.5 23 36 57
time of 85% efficiency, d 20 18.5 21 29 41 70

loading rate Bx at 70% efficiency, groc gyss ' d! 0.005
loading rate Bx at 85% efficiency, groc gVSSq d'  0.003

0.030 0.036 0.048 0.047 0.040

0.0045  0.016 0.023 0.038 0.041 0.033

70 % was considered as the minimum requirement
of the operational parameters for the running pro-
cess and 85 % as the optimum of the biodegradation
process. The retention times needed for a 70 % and
85 % degradation efficiency were evaluated from
the curves of the extent of biodegradation D, (%) as
a time when the biogas production (CO, and CH,)
reached the 70 and 85 % of the total production, re-
spectively. These data were used for the starting up
biomass loading rate B, (groc gvss | d!) of a con-
tinuous operation assuming 70 % and 85 % effi-
ciency of yroc removal desired.

From Figure 2 and 3 it is seen that the in-
creased initial concentration of waste fermentation
broth caused the increase in cumulative production
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Fig. 2 — Cumulative biogas production of CO, and CH, of
two samples of waste fermentation broth with different initial
concentration of total organic carbon: sample 1: Viociiia =
100 mg I, sample 2: Yrociniia = 150 mg . Dissolved CO, in
liquid phase was measured by v analyser as y,. value and
added to cumulative production of gas CO, measured by Micro
Oxymax respirometer.

of CO, and CH, and higher rates of biogas produc-
tion.

The relation of the total biogas produced (ex-
pressed as mg carbon per liter) per gram of volatile
suspended solids (yygs) to the initial substrat load-
ing is not linear over the whole range of loadings
(Figure 4), hence the degradation was limited by the
amount of substrates at low initial loading ratios be-
low 0.5 groc 8vss '+ This conclusion resulted also
from Figures 2 and 3. From the Figure 4 and 5 it is
obvious that the substrate did cause an inhibition at
higher initial loading ratios (2.3 groc vss ') and a
very distinctive fall of cumulative biogas produc-
tion at initial loading ratio above 4.6 groc Lyss -

Retention times of 70 % and 85 % degradation
as a function of the initial loading ratio are shown
in Figure 6. Initial biomass loading ratios below 0.3
Zroc 8vss | resulted to a decrease of the retention
times with increased loadings. Thus the degradation
was at low loading rates limited by the amount of
substrate.
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Fig. 3 — Methane and CO, production rate of waste fer-
mentation broth with different initial concentration of total or-
ganic carbon: sample 1: Yrociiia = 100 mg I, sample 2:
Y1ocinita = 150 mg I
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Fig. 4 — Cumulative CO, and CH, production expressed
as mg of total carbon per liter of the  suspension of inoculum
and test medium (endogenous production substracted), mea-
sured by Micro-Oxymax respirometer.
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Fig. 5 — The extent of biodegradation D, (%) of waste fer-
mentation broth at different initial biomass loading ratios
(0.05-4.6 gy 8yss ) D, was calculated from data presented in
Figure 4. using equation 1.
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Fig. 6 — The retention times of 70 % and 85 % degrada-
tion efficiency as a function of the initial biomass loading.

The functions on Figure 6, for 70 % and 85 %
efficiency, are close to linear from the initial load-
ing ratio 0.3 groc gvss ' up to a loading of 1.7 gpoc
gyvss ', but these retention times were prolonged at
higher values of loading. This means that the degra-
dation rate is slower at a high concentration of the
substrate.

The same conclusion results from Figure 7, where
the dependence of loading rates, B, (groc vss ' d7)
upon substrate concentration is presented. The opti-
mum biomass loading rate for the start-up operation
is 0.042 groc gyss ! d7! at 85 % efficiency and 0.048
Zroc 8vss | d7! at 70 % efficiency. The treatment of
the substrate with a concentration higher than 3400
mg 1! TOC needs a longer retention time, and it is
therefore necessary to decrease the biomass loading
rate for the same TOC removal efficiency.
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Fig. 7 — The dependence of loading rates upon substrate
concentrations.

This is valid for the start-up procedure, but af-
ter the adaptation of biomass the optimum substrate
concentration may be increased. The batch tests
give some links to the start up procedure of a con-
tinuous fed reactor, but it is not possible to make an
exact extrapolation from batch to a continuous fed
systems.

Conclusions

A recently developed method for evaluating
anaerobic biodegradability using Micro Oxymax
respirometer and TOC analyzer was in this case
successfully used for the determination of anaerobic
biodegradability of a pharmaceutical waste - waste
fermentation broth from clavulanic acid production
and mass balance for carbon was monitored during
anaerobic biodegradation process was monitored.
The process was optimized for two degradation ef-
ficiencies 70 % and 85 %. Degradation efficiency
of 70 % was considered as the minimum requier-
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ment of the operational parameters for the running
process, and 85 % as the optimum of the biodegra-
dation process.

Retention times, needed for 70 % and 85 %
degradation efficiency, were evaluated from the
tests with different initial substrate concentrations,
and were used for the assessment of the starting-up
substrate loading rate of the continuous reactor op-
eration - 0.042 groc gyss ' d7! for 85 % efficiency
and 0.048 groc gyss ' d7! for 70 % efficiency.

The optimum substrate concentration was esti-
mated as a maximum value from the plot of loading
rates B, against the substrate concentration and it
was 2.2 g I TOC for 70 % efficiency and 3.4 g 1!
TOC for 85 % efficiency.

The volume fraction of the methane in pro-
duced biogas was determined for each initial load-
ing ratio. Methane gas presented around 70 % of to-
tal biogas volume at initial substrate loading ratios
between 0.49 and 2.3 groc Svss -

The results of the tests proved the usefulness of
this method for the determination of anaerobic
biodegradability and the yield of methane in pro-
duced biogas, and for the proposal of operational
parameters of the continuous process.

The use of this new technique leads to the fol-
lowing advantages over the other known procedures
(Gledhill*, 1979; Owen et al.,'> 1979; Young et al.,?°
1993; Shelton et al.,'* 1984; Stephen et al., 1984;'¢
Anderson et al.,> 1991; Zabranska et al.*' 1994;
ISO 11734,7 1995):

— The method ensures automatic, simultaneous
measurement of many parameters during the assay.

— The method provides more accurate results
than the method described in (ISO 11734, 1995).7
The comparison of the results was presented and
statistically evaluated in (Stergar, 2000)."°

— Continuous, automatic measurements of the
CO, and CH, separately give more insight into the
kinetics of anaerobic biodegradation (Stergar,
2000)."

— Septum lid option provides simultaneous
measurements of liquid and gas phases resulting in
determination of dissolved CO, during the assay.

— TOC analyses of the initial loading, instead
of COD as used in (Zabranska et al., 1994),”! and
following the biodegradation by the mass balance
of carbon, give more details about each step of the
biodegradation process.
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List of symbols

ASTM - American Society for Testing Materials

B, - biomass loading rate, groc Syss | d!

Yens — cumulative value of CH, production per volume

of liquid phase, mg 1!

Ycmablank — cumulative value of produced CH, per vol-
ume of liqud phase measured in blank cham-
ber, mg 17!

Ycharesp. — cumulative value of produced CH, per vol-
ume of liqud phase measured in test chamber,
mg 1!

Ycooblank — cumulative value of produced CO, measured
in headspace gas of the blank chamber, mg
1!

Ycoaresp. — cumulative value of produced CO, measured
in headspace gas of the test chamber, mg 1!

vy  — cumulative value of CO, produced in headspace
gas per volume of liquid phase, mg I"!
D, - extent of biodegradation, %

Crocvss — substrate loading ratio, gram total organic
carbon per gram volatile suspended solids,

&roc 8vss
Myoc Myss | ' — gram total organic carbon per gram
volatile suspended solids, per day,
g g—l d—l
Yic, — concentration inorganic carbon of the blank
chamber, mg 1!
Yics — concentration inorganic carbon of the test cham-
ber, mg 17!
M. — molar mass of carbon, g mol!
My~ molar mass of CHy, g mol™!
Mmeys — mass of CHy, g
M, — molar mass of CO,, g mol™!
Meo, — mass of CO,, g

yc - mass concentration of carbon, mg 1!

¥,  — mass concentration of produced carbon in biogas
per volume of liquid phase, mg 1!

Yici — concentration of dissolved inorganic carbon in

the liquid phase, mg I"!
Ccmaicon — mass ratio of methane and CO,

Vet — total mass of carbon in liquid and gas phases per
volume of liquid phase, mg 1°!

n — amount of the gas, mol

yne — total mass concentration of nitrogen, mg 1!

p - pressure of the gas, Pa

R - gas constant (8,314 J mol™! K™



24

V. STERGAR and J. ZAGORC KONCAN, The Determination of Anaerobic ..

., Chem. Biochem. Eng. Q. 16 (1) 17-24 (2002)

T

— temperature, K

Ytoc — mass concentration of total organic carbon, mg
-1

Ytocy— initial concentrations of organic carbon in liquid

phase of blank chamber, mg I'!

Yroci — initial concentrations of organic carbon in liquid

14

phase of test chamber, mg 1!
— volume of gas, m?

Ycns — volume percent of methane gas (%)
yyss — volatile suspended solids, g I'!

References

1.

American Public Health Association (APHA), Standard
Methods for the Examination of Water and Wastewater,
20th ed. American Public Health Association, Washington
DC, 1998, pp 2-57, 2-58.

Anderson, G. K., Campos, C. M. M., Chernicharo, C. 4. I.,
and Smith, C. I., Evaluation of the inhibitory effects of
lithium when used as a tracer for anaerobic digesters, Wa-
ter Research 25, (7) (1991) 755.

Columbus Instruments, Hardware and software manual of
Micro Oxymax V6.02., Ohio, 1996.

Gledhill, W. E., Proposed standard practice for the deter-
mination of the anaerobic biodegradability of organic
chemicals, Working document, Draft 2, no. 35, 24, Ameri-
can Society for Testing Materials, Philadelphia, 1979.
Gorris, L. G., de Kok, T. M., Kroon, B. M., van der Drift
C., and Vogels, G. D., Appl. Environ. Microbiol. 54 (1988)
1126.

Grady, C.P.L., Biodegradation, Biotech. Bioeng. 27 (1985)
660-674.

International Organization for Standardization: Interna-
tional Standard ISO 11734, Water Quality- Evaluation of
the ultimate anaerobic biodegradability of organic com-
pounds in digested sludge- Method by measurement of the
biogas production, Geneva, 1995.

Jenicek, P, Zabranska, J. and Dohanyos, M., The im-
provement of the biodegradation of pharmaceutical
wastewaters by anaerobic technology combining biofilm

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

and suspended biomass, Proc. of the Second International
Specialized Conference on Biofilm Reactors, 29.9. —
1.10.1993, Paris, 1993, pp 757-760.

Massone A., Antonelli M., Rozzi A., The DENICON: a
novel biosensor to control denitrification in biological
wastewater treatment plants, Mededelingen Faculteit
Landbouwkundige, University of Gent, 1996, pp
1709-1714.

Miller, T. L., Wolin, M. J., Appl. Microbiol. 27 (1974) 985.

Nottingham, P. M., Hungate, R. E., J. Bacteriol. 98 (1969)
1170.

Owen, W. F, Stuckey, D. C., Healy, J. B., Young L. Y,
McCarty, P. L., Water Research 13 (1979) 485.

Rozzi A., Remigi E., Buckley C., Methanogenic activity
measurements by the MAIA biosensor: instructions guide,
VI Latin-American Workshop and Seminar on AD, Recife
(Brasil), 5-9 Nov., 2000, pp 408-415.

Shelton, D. R., Tiedje J. M., Appl. Environ. Microbiol. 47
(1984) 850.

Shimadzu Corporation-Process and Environmental Instru-
mentation Division, Instruction Manual of Total Organic
Carbon Analyzer model TOC-5000, Kyoto, Japan, 1998.

Stephen, A. B., Shelton, D, R., Appl. Environ. Microbiol.
47 (2) (1984) 272.

Stergar V., Evaluation of the anaerobic biodegradability of
model aromatic compounds and waste fermentation broth:
master’s thesis, (in Slovenian language), University of
Ljubljana, Slovenia, 1999.

Stergar V., Zagorc-Koncan, J., A new methodology to
evaluate the anaerobic biodegradability. Fifth European
Conference on Ecotoxicology and Environmental Safety,
Munich, GSF-Bericht 02/99, pp OE3, 1999.

Stergar V., Development of a new methodology to evaluate
the anaerobic biodegradability and toxicity and its applica-
tion to the waste fermentation broth from the pharmaceuti-
cal industry: awarded research thesis, International Sym-
posium KRKA 2000, Novo mesto, Slovenia, 2000.

Young, J. C., Tabak, H. H., Water Environment Research
65 (1) (1993) 34.

Zabranska, J., Jenicek, P, Dohanyos, M., Water Sci.
Technol. 30 (3) (1994) 103.



