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h i g h l i g h t s

" Four biofilters were exposed to repeated substrate pulses of increasing intensity.
" New quantitative indices of resistance and resilience capacity were proposed.
" We highlighted different robustness levels according to the contaminants.
" There was an impact of the perturbation regime at the community level (DGGE).
" Bacterial community structure partially coupled to removal efficiency robustness.
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a b s t r a c t

Since full-scale biofilters are often operated under fluctuating conditions, it is critical to understand their
response to transient states. Four pilot-scale biofilters treating a composting gas mixture and undergoing
repeated substrate pulses of increasing intensity were studied. A systematic approach was proposed to
quantify the resistance and resilience capacity of their removal efficiency, which enabled to distinguish
between recalcitrant (ammonia, DMDS, ketones) and easily degradable (esters and aldehyde) com-
pounds. The threshold of disturbing shock intensity and the influence of disturbance history depended
on the contaminant considered. The spatial and temporal distribution of the bacterial community struc-
ture in response to the perturbation regime was analysed by Denaturing Gradient Gel Electrophoresis
(DGGE). Even if the substrate-pulses acted as a driving force for some community characteristics (com-
munity stratification), the structure-function relationships were trickier to evidence: the distributions of
resistance and composition were only partially coupled, with contradictory results depending on the con-
taminant considered.
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1. Introduction

As a result of fluctuating industrial activity, full-scale biofilters
are often submitted to unstable influent composition, concentra-
tions and flow rates, which can alter the bioprocess in terms of
both functional performance and community structure (Kraakman,
2003), especially when applied to the treatment of sludge com-
posting emissions. It is thus of prime importance to identify the
changing conditions that can alter the biofiltration, and to deter-

mine to what extent biofilters are able to cope with disturbance
and to recover after disturbance.

Among other temporal variations, substrate pulses are
ephemeral events of resource superabundance which are often
observed in industrial biofilters. They induce microbial responses
in terms of growth, decay or enzymatic activity and likely lead
to shifts in microbial community structure (Chesson et al.,
2004). However, whether the responses of the biological compo-
nent to resource pulses reflect adaptive behaviours (genotype
selection) and/or physiological effects is still unclear (Yang
et al., 2008), which restricts the optimal management and
operation of biofilters. In addition, as they can be controlled
and monitored, lab-scale biofilters are model engineered ecosys-
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