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Legal Status and Disclaimer  
The CLEA Guidance incorporates the following 

1) Science Report SC050021/SR2: Human health 
toxicological assessment of contaminants in soil. 

2) Science Report SC050021/SR3: Updated 
technical background to the CLEA model. 

3) Science Report SC050021/SR4: CLEA Software 
(Version 1.03 beta) Handbook. 

4) CLEA Software version 1.03 beta (2008) 

5) Toxicological reports and Soil Guideline Value 
briefings 

The CLEA Guidance can help suitably qualified 
assessors to estimate the risk that a child or adult may 
be exposed to a soil concentration on a given site over a 
long period of exposure that may be a cause for concern 
to human health. The CLEA Guidance does not cover 
other types of risk to humans, such as fire, suffocation or 
explosion, or short-term and acute exposures. Nor does 
it cover risks to the environment or the pollution of water. 

The CLEA Guidance is non-statutory. It does not purport 
to interpret the policies or procedures of the Environment 
Agency and shall not operate as a statutory licence, 
waiver, consent or approval from the Environment 
Agency. Nothing in the CLEA Guidance shall prejudice, 
conflict with or affect the exercise by the Environment 
Agency of its statutory functions, powers, rights, duties, 
responsibilities, obligations or discretions arising or 
imposed under the Environment Act 1995 or any other 
legislative provision enactment, bye-law or regulation. 

The CLEA Guidance describes the soil concentrations 
above which, in the opinion of the Environment Agency, 
there may be concern that warrants further investigation 
and risk evaluation for both threshold and non-threshold 
substances. These levels are a guide to help assessors 
estimate risk. It does not provide a definitive test for 
telling when risks are significant.  
 
Regulators are under no obligation to use the CLEA 
Guidance.
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Science at the Environment 
Agency 
Science underpins the work of the Environment Agency. It provides an up-to-date 
understanding of the world about us and helps us to develop monitoring tools and 
techniques to manage our environment as efficiently and effectively as possible.  

The work of the Environment Agency’s Science Group is a key ingredient in the 
partnership between research, policy and operations that enables the Environment 
Agency to protect and restore our environment. 

The science programme focuses on five main areas of activity: 

• Setting the agenda, by identifying where strategic science can inform our 
evidence-based policies, advisory and regulatory roles; 

• Funding science, by supporting programmes, projects and people in 
response to long-term strategic needs, medium-term policy priorities and 
shorter-term operational requirements; 

• Managing science, by ensuring that our programmes and projects are fit 
for purpose and executed according to international scientific standards; 

• Carrying out science, by undertaking research – either by contracting it 
out to research organisations and consultancies or by doing it ourselves; 

• Delivering information, advice, tools and techniques, by making 
appropriate products available to our policy and operations staff. 

 

 

 

Steve Killeen 

Head of Science 
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1 Introduction 
This document provides supplementary information to support the technical note Soil 
Guideline Values for phenol in soil (Environment Agency, 2009a).  

Section 2 provides a review of the scientific literature on the plant uptake of phenol by 
fruit and vegetables based on findings from a literature search conducted during 
September 2008 to identify phenol soil-to-plant concentration factors for the produce 
categories used within the CLEA model. Section 2.3 highlights the lack of suitable data 
from the available literature and Section 2.4 makes a recommendation as to how to 
obtain soil-to-plant concentration factors for phenol for use in the CLEA model for 
deriving Soil Guideline Values (SGVs).  
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2 Plant uptake review 

2.1 Literature search strategy 
Online literature searches of the Science Citation Index and BIOSIS Previews through 
ISI Web of Knowledge, which covered the period 1992 to present, and of Scopus, 
which also covered pre-1992 records, were carried out in September 2008.  

The databases were searched for publications from all years covered and any country 
using the search terms: 

“phenol AND (fruit* OR veg* OR plant*) AND (soil SAME (uptake OR transport* 
OR sorption OR transfer))” 

“phenol AND (bean* OR cabbage* OR lettuce* OR pea OR peas OR carrot* OR 
onion* OR radish* OR potato* OR tomato* OR strawb* OR raspb* OR blackb* 
OR cucumber* OR apple* OR pear OR pears) AND soil*” 

“phenol AND (bean* OR cabbage* OR lettuce* OR pea OR peas OR carrot* OR 
onion* OR radish* OR potato* OR tomato* OR strawb* OR raspb* OR blackb* 
OR cucumber* OR apple* OR pear OR pears) AND uptake” 

“phenol AND plant uptake”. 

Original documents referenced in more recent publications were consulted where 
possible.  

Documents from international public bodies were also scanned for any relevant data or 
references. 

2.2 Plant processes and phytotoxicity 
Various studies of root uptake and transport of organic chemicals have found that the 
fate of the compounds is generally related to their hydrophobicity. Very hydrophilic 
compounds cannot easily penetrate the lipid membranes of root cells in order to enter 
the xylem and so will remain in the root, whereas very hydrophobic compounds will be 
retained by the lipids of the root epidermis and prevented from entering roots (Briggs et 
al., 1983; Burken and Schnoor, 1998; Schnoor, 2000; Environment Agency, 2006).  

Moderately hydrophilic and moderately hydrophobic contaminants are therefore of 
concern for plant uptake. The generally high level of enzymatic activity in roots – due to 
the plants themselves and associated rhizosphere microorganisms – means that roots 
are an important organ for metabolism of organic compounds (Collins et al., 2002). 
Resulting metabolites may be retained in the roots or transported around the plant. 
These metabolites may be more or less toxic to humans than the original organic 
chemical. 

Phenol is moderately hydrophilic, having an octanol–water partition coefficient of 1.48. 
As a result, it can be predicted that phenol will easily enter plant roots in the 
transpiration stream, and should also travel through root cell membranes into the xylem 
for transport to the rest of the plant (Burken and Schnoor, 1998). However, the actual 
behaviour of phenol will vary between plant species, and uptake and accumulation are 
likely to be reduced by bacterial and plant metabolism. 
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Gassner and Neugebohrn (1994) could not find any evidence of phenol uptake from 
aqueous solutions in experiments with aquatic plants, but found that the compound 
was rapidly degraded by microorganisms in the system. The authors also cited other 
studies with spinach, bean and wheat in which phenol appeared to be taken up only 
very slowly and was then fixed in roots as phenol glycoside (Winter and Schönbeck, 
1959; Müller, 1975).  

McFarlane et al. (1987) carried out experiments on the uptake of phenol by soybean 
plants from hydroponic solutions. They found that phenol was rapidly taken up by the 
plants but was confined to their roots.  

Kirchmann and Tengsved (1991) found that addition of pig slurry and sewage sludge 
high in phenol to soil growing barley did not affect the level of phenol found in the 
barley grains. They concluded that the phenol was either rapidly broken down in the 
soil or it was not transported through the roots to the grains.  

Ucisik and Trapp (2006) studied the removal of phenol from spiked sand by willows. 
They found phenol in the roots, stem and, to a lesser extent, leaves of the plants, but 
the majority of the compound had been lost from the experimental system, probably 
due to plant metabolism.  

Phenol entering the roots of tolerant plants tends to be converted to less toxic forms 
and becomes part of the ‘bound’ residue fraction of cells associated with cell walls, or 
forms conjugates with glycosides or peptides (Ugrekhelidze et al., 1999; Harvey et al., 
2002). Studies have shown that phenol in a liquid medium is removed by carrot and 
Indian mustard root cultures, with metabolism in the roots being accompanied by an 
increase in the production of peroxidase enzymes (de Araujo et al., 2002, 2006; Singh 
et al., 2006). Plant peroxidases are known to be involved in the detoxification of phenol, 
by catalysing oxidative coupling with plant structures such as lignin or with other 
molecules in the plant (Flocco et al., 2002). 

As well as being taken up from the environment, phenol also occurs naturally in plants 
and can be present in all plant parts (Ucisik and Trapp, 2006). Phenol occurs as an 
intermediate metabolite in a number of reactions (Bhatia and Jindal, 2000; Antonious et 
al., 2001; Dutta et al., 2008) and accumulation forms part of plants’ systemic resistance 
against pathogens (Nelson and Achar, 2001; Dutta et al., 2008). Plant-produced phenol 
and its derivatives have been shown to accumulate in tomato and broad bean leaves 
and pea roots in response to exposure to high levels of cobalt, sulphur dioxide and 
nickel respectively (Gopal et al., 2003; Nandi et al., 1990; Gabbrielli et al., 1999). 
Phenol can also be formed by the oxidation of benzene in plant leaves (Ugrekhelidze et 
al., 1997). 

Phenol can be phytotoxic, as demonstrated in standard phytotoxicity tests (Wang, 
1986; Feng et al., 1996). Typical symptoms include a reduction in germination, growth 
and transpiration, and chlorosis resulting from damage to photosynthetic apparatus (Al-
Nakshabandi et al., 1980; Flocco et al., 2002; Ucisik and Trapp, 2006). 

2.3 Soil-to-plant concentration factors 
A review of the available literature found no suitable data on plant uptake of phenol by 
fruit and vegetables relevant to the CLEA model. The review considered crops in the 
produce groups described in Table 4.16 of the framework document Updated technical 
background to the CLEA model (Environment Agency, 2009b) and only edible portions 
of the plant group including fruits, roots, shoots and tubers.  

 
Plant uptake of phenol from soil is difficult to determine as phenol also occurs in plants 
naturally and as a product of xenobiotic metabolism (Ugrekhelidze et al., 1997; Bhatia 
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