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TOXICITY MITIGATION IN BIODEGRADATION TESTING
- Using Cetylpyridinium as a model compound -

Ready Biodegradability Testing of 
Inhibiting Compounds

Radiolabeled cetylpyridinium chloride (CPC) was used
as inhibitory model compound. The radiolabel allows
for accurate measurement of CO2 production for
concentrations down to the µg/L range. The data
(figure 1) obviously show ready biodegradability at
concentrations up to 0.1 mg/L, with some inhibition
observed at 0.3 mg/L. 1 mg/L is clearly inhibitory,
while 3 mg/L leads to almost full inoculum inhibition.

However, conventional readily biodegradability testing
normally requires amounts of 10 to 20 mg carbon per
liter.[1][2] We were interested in the possibility of using
such concentrations in a setup where inhibitory
effects are mitigated by addition of sorbent material.

Mitigating Inhibition Using Sorbent

Sorbents can mitigate inhibitory and toxic effects by
decreasing the freely dissolved concentration. A
suitable sorbent for this purpose should preferably be
inorganic and inert. It should sorb reversibly, and
strong enough to significantly lower freely dissolved
concentrations in amounts that do not interfere with
normal test functioning.

Silicon dioxide (SiO2) of a suitably small particle size
is a relatively cheap and versatile sorbent material for
this purpose, the use of which has been described in
literature.[3] The ideal testing strategy would then
start with a sorption isotherm (figure 2A), so that
the amount of sorbent added can be fine-tuned to the
desired freely dissolved concentration. Experimental
data shows generally good alignment between actual
and predicted sorbed amounts (figure 2B).

Chemical structure of cetylpyridinium chloride

Red asterisks (*) denote location of both radiolabels.

Toxicity Mitigation & 
Bioaccessibility

The influence of sorbent on functioning of a typical
biodegradation test setup depends on the toxicity of
the compound tested, as well as its affinity for the
used sorbent. Figure 3 shows how the amount of
sorbent would theoretically influence the outcome of
biodegradation testing for a non-toxic compound
(top) and an inhibitory compound (bottom).

At higher concentrations, sorption of test compound
to the sorbent is so strong that the bioaccessibility
becomes limiting, leading to lower biodegradation.
Therefore, the amount of sorbent added should be
carefully adapted to the compound being tested.

Experimental Data

CPC is readily biodegradable, as shown by the
data for 0.1 mg/L. However, CPC is inhibitory
above 1 mg/L (figure 1). Different amounts of
SiO2 (0.8, 4 and 20 g/L) were added to vessels
containing 0.1, 1 and 10 mg/L CPC. The results
of 0.1 and 1 mg/L (figure 4) clearly show
good overlap with the theoretical curves in
figure 3. The results at 10 mg/L are open for
interpretation, since data was only available for
one sorbent concentration (20 g/L; figure 5).

Increasing Bioaccessibility

Agitation of the aqueous phase can be used to
increase bioaccessibility. This is highlighted in the
graph above (figure 6), where the stirred test setup
spiked at 13.5 mg/L reaches approximately three
times higher degradation than the 10 mg/L unstirred
setup. Interestingly, kinetics for the stirred setup
approach the 1 mg/L curve. It would be crucial for
correct classification of inhibitory compounds if OECD
Guidelines would clearly advocate testing in a stirred
setup, with an adequate amount of sorbent.

CONCLUSION
 Ready biodegradability is a definitive substance

property and should not be subject to change based
on conditions of the testing method.

 Sorbents can be used to mitigate inhibitory effects.

 A testing strategy with determination of the
sorption coefficient allows for easy use of sorbent.

 Inhibitory compounds (like CPC) should be tested
for ready biodegradability with added sorbent.

 However, care should be taken that amounts of
sorbent added do not decrease bioaccessibility to
levels that interfere with correct classification.

 Stirring can be used to enhance bioaccessibility,
especially in a test setup with sorbent.

 CPCshouldberegardedasreadilybiodegradable
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Figure 1: Influence of CPC concentration on the kinetics of biodegradation,
with concentrations ranging from 6 µg/L up to 3 mg/L. Datapoints represent
mean values for duplicate vessels, except for 3 mg/L (all datapoints shown).

Figure 2A: CPC sorption isotherm for SiO2. The Log KD estimated from the
isotherm was used to predict free concentration in the OECD 310 test setup.
Figure 2B: Comparison of predicted sorbed fractions (red) and experimentally
determined sorbed fractions. Experimental data is based on duplicate vessels.

Figure 6: Bioaccessibility can be enhanced by a stirred test setup, whereby
the stirring increases interaction between the sorbent and the aqueous phase.
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Figure 5: At 10 mg/L the degree of toxicity mitigation required to eventually
reach ready biodegradability levels will invariably lead to low bioaccessibility.

Figure 3: Hypothetical curves showing how increasing sorbent concentrations
are expected to influence to biodegradation of non-toxic compounds (top) and
toxic compounds (bottom).
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Figure 4: Experimental data was fitted to the hypothetical curves of figure 3.
The data for 0.1 mg/L shows that at this concentration CPC has no inhibitory
effects (top). The shape of the curve is changed drastically when the 1 mg/L
data is plotted, approaching the toxic effect curve from figure 3 (bottom).
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Biodegradation = Biodegradability X Conditions


