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Methods Background 
 Ready Biodegradability Tests (RBT) are highly conservative screening tests that have 

been central in regulatory hazard classification and risk assessment of chemicals. 

 While RBTs were designed to identify chemicals that can degrade easily and rapidly in 
the environment, there has been a recent shift  to identifying chemicals that persist. 

 A lack of observed biodegradation is one of the few existing tests for persistence. 

 Inocula for RBTs are highly prescribed but poorly standardised; concentrations are 
low and range over 4 orders of magnitude leading to highly variable tests with a high 
number of false negatives (Figure 1), making them unfit for persistence assessments.  

 All biodegradation tests rely on the chance inclusion of a relatively rare specific 
degrader into a randomly selected environmental inoculum that is affected by the 
total number of cells (NT) used and the bacterial diversity (Figure 1). 

Figure 1. The sampling lottery 
REACH guidance has recognised the 
following enhancements for screening tests 
to enable reliable and effective 
prioritisation of persistence in chemicals: 
i) Increased test duration 
ii) Increased vessel size and/or inoculum 

density/concentration 
iii) Semi-continuous test systems 
iv) Running tests in series 

This project addresses points i) and ii) above. 

Objective 1: Determine the influence 
of inocula source, concentration and 
diversity on biodegradation outcome 

Objective 2: Assess the relative bias of 
different cell concentration methods 

a) 

b) 

c) 

Figure 2 a) Probability of biodegradation for 4-nitrophenol (4-NP) in a 
highly replicated 60 day HT-BST using inocula from 6 activated sludge 
plants at concentrations spanning 6 orders of magnitude. b) Results 
from HT-BSTs for 3 chemicals; 4-hydroxybenzoic acid (4-HBA), 4-NP and 
4-fluorophenol (4-FP) expressed as the number of specific degraders 
using inocula from 6 different locations for 4 environmental 
compartments. c) a comparison of the bacterial community similarity 
between all the same inocula sources used for b). 

• OECD RBT guideline concentrations have a 
low probability of biodegradation (Fig. 2a). 

• Environmentally-relevant inocula 
concentrations (108-109 cells ml-1) result in a 
greater reliability of biodegradation (Fig. 2a). 

• Little variation between biodegradation 
outcome for different inocula from 
activated sludge and rivers compared to 
those from estuaries and sea (Fig. 2b). 

• The above variation reflects the variation in 
similarities between bacterial communities 
for different sources (Fig. 2c). 

• There is a weak but significant correlation 
between biodegradation outcome and 
bacterial diversity (data not shown). 

Figure 3 a) Bacterial 
community fingerprint gel 
(DGGE) following 
enhancement of bacterial 
cell densities from seawater 
using 4 different cell 
concentration methods; 
bead colonisation (BC), 
tangential flow filtration 
(TFF), centrifugation (C), and 
membrane filtration (MF). 
Each band represents a 
predominant taxon 
(‘species’) in the community, 
the band density represents 
the relative abundance of 
that taxon, and b) the 
similarity in banding 
patterns can be used to 
compare similarities in the 
bacterial communities. Bias 
was assessed by; comparing 
community similarity of 
concentrated samples with 
original pre-processed 
samples, increases in cell 
density and diversity (band 
richness), and logistics of 
using the method. 

a) 

b) 

• Different methods were optimal for different 
environmental samples. 

• MF and TFF scored highly for all aqueous 
samples, but TFF is recommended as it is 
able to concentrate large volumes of sample.  

• Centrifugation was best for activated sludge. 

Objective 3: Determine the impact of cell concentration and test volume 
on biodegradation outcome, rates and variability in scaled-up GLP tests 
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a) b) 

c) d) 

1 L Figure 4 CO2 evolution from the 
biodegradation of 14C-labelled 4-
nitrophenol (4-NP) over 60 days in 
replicate tests using a) variable 
concentrations of inocula at a fixed 
volume, and b) the corresponding 
probabilities of biodegradation at the 
different concentrations and time 
points; and c) using different test 
volumes at a fixed inoculum 
concentration, and d) the 
corresponding probabilities of 
biodegradation over time for each test 
volume. OECD guideline inocula 
concentrations circled in red. 

• The 60% biodegradation 
pass level within 28 days 
and within a 10 day 
window from the 10% 
level was reliably 
achieved at all enhanced 
cell concentrations (Fig. 4 
a & b) and larger test 
volumes (Fig. 4 c & d). 

• These concentrations also resulted in greater biodegradation rates and shorter lag phases. 
• OECD guideline inocula concentrations result in tests with greater variability; shown by large 

error bars (Fig. 4 a & c) and low probabilities of biodegradation at the start of the test, which 
correspond with greater variation in the bacterial community structure (data not shown). 

Objective 4: Method validation; benchmarking enhanced tests using 
reference chemicals selected in Cefic LRi-funded Eco12 project. 

Category Would normally  pass Classification Chosen chemical 

Bin 1 Screening test Readily biodegradable, not persistent Aniline 

Bin 2 Enhanced test Not persistent 4-chloroaniline, 4-NP, 4-FP 

Bin 3 Inherent test Inherently biodegradable, not persistent 2,4,5–trichlorophenol / 
pentachlorophenol 

Bin 4 No test Persistent  or very persistent - 

Table 1. The Eco12 project identified 19 reference chemicals that were assigned to four bins based on their expected outcome in 
different biodegradation tests, which was ascertained from available information on the chemical biodegradation behaviour (especially 
half-lives). The chemicals chosen for the validation of the enhanced biodegradation test are shown below. 
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Results & discussion 
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Figure 5. Comparison of enhanced versus OECD 
guideline biodegradation tests for the bin 2 reference 
chemical, 4-chloroaniline (4-CA).  

• Validation experiments are on-going. 
• Biodegradation tests with aniline (bin 1, data not 

shown), 4-NP (bin 2; Fig. 4) and 4-CA (bin 2; Fig. 5) 
demonstrate that the  bin 2 chemicals reliably pass the 
enhanced test, but the outcome is more variable in a 
standard OECD RBT.  

• These findings will form a significant part of a 
proposed ECETOC Persistence 2 workshop (which has 
been agreed in principle), involving biodegradation 
experts, stakeholders and regulators. 


