
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Widnes 3MG Biomass Combined 
Heat & Power (CHP) Plant 
 

Widnes, Halton 
 
Burmeister and Wain Scandinavian 
Contractor A/S (BWSC) 
 
 
 
 
 

Environmental Statement 
Chapter 8 
Human Health Risk Assessment  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Widnes 3MG Biomass CHP Plant  BWSC 
 

ES Chapter 8 – Human Health Risk Assessment   2012 
RPS                                                                                               

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Blank Page 



Widnes 3MG Biomass CHP Plant  BWSC 
 

Chapter 8 Contents  
8 Human Health Risk Assessment.................................................................................................................... 1 

8.1 Introduction .................................................................................................................................................... 1 

8.2 Legislation and Policy Context ....................................................................................................................... 1 

8.3 Assessment Methodology .............................................................................................................................. 1 

8.4 Baseline Conditions ....................................................................................................................................... 8 

8.5 Identification and Evaluation of Key Impacts ................................................................................................. 9 

8.6 Design Response and Mitigation ................................................................................................................. 11 

8.7 Residual Impact ........................................................................................................................................... 11 

8.8 Conclusion ................................................................................................................................................... 11 

8.9 References................................................................................................................................................... 13 

 

 
Chapter 8 Appendices (See Volume 2) 

 
Appendix 8.1 Human Health Risk Assessment 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ES Chapter 8 – Human Health Risk Assessment   2012 
RPS                                                                                               



Widnes 3MG Biomass CHP Plant  BWSC 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Blank  Page 

ES Chapter 8 – Human Health Risk Assessment   2012 
RPS                                                                                               



Widnes 3MG Biomass CHP Plant  BWSC 
 

8 Human Health Risk Assessment 

8.1 Introduction  

8.1.1 This chapter provides the Human Health Risk Assessment (HHRA) undertaken as part of the Environmental 
Impact Assessment (EIA) for the proposed Widnes 3MG Biomass CHP Plant. The chapter assesses the 
risks to human health associated with long term exposure to emissions from the operation of the proposed 
facility in line with best practice and methodologies. 

Scope of Study 

8.1.2 This chapter of the ES assesses the likely impacts of the facility in terms of human health and is supported 
by the following Appendices: 

• Appendix 8.1 Human Health Risk Assessment Technical Appendix. 

8.1.3 The chapter describes the assessment methodology; the baseline conditions currently existing at the 
application site and surroundings; the likely significant environmental impacts; the mitigation measures 
required to prevent, reduce or offset any significant adverse impacts and the likely residual effects after these 
mitigation measures have been employed. 

8.2 Legislation and Policy Context 

8.2.1 A detailed review of the Development Plan documents and planning context in relation to the development 
proposals is provided in Chapter 3. 

8.2.2 The following section provides a summary of the legal framework directly relevant to Human Health issues. 

National Policy and Legislation 

8.2.3 The National Planning Policy Framework sets out the Government’s planning policies for England which 
includes conserving and enhancing the local environment. It states that to prevent unacceptable risks from 
pollution and land instability, planning policies and decisions should ensure that new development is 
appropriate for its location. The effects (including cumulative effects) of pollution on health, the natural 
environment or general amenity, and the potential sensitivity of the area or proposed development to adverse 
effects from pollution, should be taken into account.  

8.3 Assessment Methodology 

Relevant Guidance 

8.3.1 Defra, 2000. Guidelines for Environmental Risk Assessment and Management. 

8.3.2 Environment Agency, 2009. “Updated technical background to the CLEA model”. Science Report 
SC050021/SR3. 

8.3.3 Environment Agency, 2009.”Human health toxicological assessment of contaminants in soil”. Science Report 
– Final SC050021/SR2. 
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8.3.4 Environment Agency, 2011. Guidance to Applicants on Impact Assessment for Group 3 Metals Stack 
Releases – V.2. 

8.3.5 Environment Agency, May 2009. “Contaminants in soil: updated collation of toxicological data and intake 
values for humans. Nickel”. Science report SC050021/TOX 8. 

8.3.6 Defra and the Environment Agency, 2002. “Contaminants in Soil: Collation of Toxicological Data an Intake 
Values for Humans. Chromium”. R&D Publication TOX 4. 

8.3.7 Defra and the Environment Agency, 2002. “Contaminants in Soil: Collation of Toxicological Data an Intake 
Values for Humans. Lead”. R&D Publication TOX 6. 

8.3.8 Environment Agency, May 2009. “Contaminants in soil: updated collation of toxicological data and intake 
values for humans. Inorganic arsenic”. Science report SC050021/Tox 1. 

8.3.9 Environment Agency, June 2009. “Contaminants in soil: updated collation of toxicological data and intake 
values for humans. Cadmium”. Science report SC050021/Tox 3. 

8.3.10 Environment Agency, March 2009. “Contaminants in soil: updated collation of toxicological data and intake 
values for humans. Mercury”. Science report SC050021. 

8.3.11 Environment Agency, September 2009. “Contaminants in soil: updated collation of toxicological data and 
intake values for humans. Dioxins, furans and dioxin-like PCBs”. Science report SC050021/Tox 12. 

8.3.12 CL:AIRE, 2009. The Soil Generic Assessment Criteria for Human Health Risk Assessment. 

8.3.13 Land Quality Press, 2009.The LQM/CIEH Generic Assessment Criteria for Human Health Risk Assessment 
(2nd edition). 

8.3.14 Defra and EA, 2002. Collation of Toxicological Data and Intake Values for Humans. Benzo(a)Pyrene. 

Consultations 

8.3.15 In carrying out the Human Health Risk Assessment consultation has included: 

• The formal Scoping process 

• Consultation with the Environment Agency and various district angling associations regarding the 
environmental setting to ensure inclusion of all relevant exposure pathways. 

The Formal Scoping Process 

8.3.16 The EIA Scoping Report issued to Halton BC detailed the scope of the Human Health Risk Assessment. No 
specific responses in relation to the HHRA were received. 

Methodology 

8.3.17 A direct measurement of exposure attributable to facilities such as that proposed at Widnes cannot be made 
due to the complexity of the pollutant mixture, the possibility of exposure through multiple pathways, wider 
environmental and lifestyle influences and the generally non-specific health outcomes. 

8.3.18 This is a predictive assessment of the proposed facility, therefore the various exposure routes have been 
modelled rather than measured. The dispersion modelling is based on the emissions from the air quality 
assessment and factoring in the influence of the local meteorological conditions and characteristics such as 
stack height, velocity and temperature. The modelling predicts a worst-case exposure attributable to the 
source and this is used as the basis of the health risk assessment.  
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8.3.19 Exposure to emissions from thermal treatment facilities can be through a number of pathways, with inhalation 
and the food chain being the most critical. For certain persistent pollutants, such as trace metals, dioxins and 
furans, benzo(a)pyrene (BaP) and PCBs, the cumulative indirect exposure via the ingestion of contaminated 
food is of paramount importance. Therefore potential exposure through this important pathway has been 
accounted for in addition to the inhalation. 

8.3.20 In the absence of an equivalent UK method, the Industrial Risk Assessment Program - Human Health (IRAP-
h View version 4.0.3), which is based on the United States Environment Protection Agency (US EPA) 
Human Health Risk Assessment Protocol [i], has been used to calculate the transport and fate of trace 
contaminants emitted in the stack exhaust gases. The default exposure parameters and toxicological data 
were replaced, where available, by those recommended by the EA’s Science Reports SR2[ii] and SR3[iii] and 
associated TOX reports together with other recognised UK sources. 

8.3.21 The level of exposure to trace metals, dioxins and furans, BaP and PCBs emitted from the proposed facility 
has been quantified at selected sensitive receptors within the vicinity of the site.  In residential locations, the 
key exposure pathway is through the ingestion of soils and home-grown produce.  On agricultural premises, 
potential exposure through the ingestion of home-grown produce, ingestion of beef, lamb, milk, pork, poultry 
and eggs produced in farms within the vicinity of the site has been included, as appropriate. Infant exposure 
to dioxins and furans and dioxin-like PCBs through breast milk is also assessed. 

8.3.22 Throughout this assessment, where there is some uncertainty in respect of the data, a precautionary 
approach (conservative) has been used to estimate the possible risks from exposure to emissions from the 
proposed facility. The rationale is to ensure that full allowance is made for any uncertainties in the 
interpretation of the data provided. 

8.3.23 The Defra common framework[iv] providing general guidance for risk assessment and management has been 
used as the founding principles for the assessment of impact on human health from the proposed facility.  

8.3.24 The common framework includes guidelines setting out the basic principles which the regulatory authorities 
would normally intend to use in the assessment and management of environmental risks and which are 
recommended for all public-domain risk assessments.  They are intended to provide decision-makers, 
practitioners and the public with a consistent language and approach for environmental risk assessment and 
management.  The guidelines provide a framework for a tiered approach to environmental risk assessment 
and management where the level of effort put into assessing each risk is proportionate to its priority (in 
relation to other risks) and its complexity (in relation to an understanding of the likely impacts).  

8.3.25 The site-specific risk assessment was conducted within a staged approach, consistent with the current UK 
risk assessment guidelines as presented below. 
Stage 1: Development of Conceptual Model of the Site 

8.3.26 The risk assessment procedure utilises the source-pathway-receptor concept in constructing a Site 
Conceptual Model (SCM) and assesses potential risks.  The source-pathway-receptor ‘pollutant linkage’ 
scenario provides a useful basis for generating a site conceptual model, which can be used to identify critical 
pathways on which a quantitative analysis may be undertaken.  The SCM establishes, in a qualitative 
manner, the following: 

• Principal sources of contamination - emissions from the proposed development;  

• Contaminants of Potential Concern (COPCs) - the European Parliament Directive 2000/76/EC list 
of pollutants and other substances potentially associated with thermal treatment of waste, such as 
BaP and PCBs; 

• Behaviour of contaminants within contaminated media - airborne, deposited on soils, taken up by 
home grown vegetables and other agricultural products;  

• All relevant receptors; 
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• Location of potential exposure points; and 

• Plausible pathways connecting sources of contamination and sensitive receptors; accidental 
ingestion of soil and contaminated home grown produce and other routes of exposure through the 
food chain. 

Stage 2: Hazard Identification   

8.3.27 This includes identification of: 

• The type and spatial distribution of COPCs;  

• The media containing such hazardous materials;  

• The concentration of the hazardous substance in the identified media;   

• Exposure scenarios, whether residential, agricultural, etc.;  

• Exposure routes -  ingestion of soil, ingestion of beef, etc.; and 

• Exposure factors for each scenario and route. 
Stage 3: Hazard/Risk Characterisation and Assessment  

8.3.28 This includes: 

• Identifying the toxicity of the identified contaminants of potential concern with relevance to chronic 
exposures; 

• Identification of the nature of the potential effect (threshold or non-threshold effect); and  

• Calculation of the magnitude of hazards and risks/ derivation of risk-based criteria using a site-
specific risk assessment model to evaluate the significance of harm from exposure to identified 
contaminants of potential concern with consideration to sensitive receptors.  

Stage 4: Risk Control and Management  

8.3.29 At this stage of the assessment, strategies to control and manage potential risks through appropriate 
mitigation measures are identified if needed. This may be achieved through the management of the source 
or the exposure pathways to prevent the exposure of the receptors. 
Risk Assessment  

The Site Conceptual Model 

8.3.30 The development of a site conceptual model (SCM) is the first stage of the risk assessment. The model is 
used to identify the potential sources, critical pathways and receptors that require assessment as described 
in the following paragraphs. 

Sources 

8.3.31 Potential health risks associated with the effect of emissions from the proposed facility were considered.  The 
European Directive 2000/76/EC prescribes air emission limits for the following pollutants: 

• Oxides of nitrogen (NOx); 

• Sulphur dioxide (SO2); 

• Particles; 

• Carbon monoxide; 

• Total organic carbon; 

• Hydrogen chloride; 
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• Hydrogen fluoride; 

• Dioxins and furans; 

• Group 1 metals; 

• Group 2 metals; and  

• Group 3 metals.  

8.3.32 Only metals and dioxins/furans (in addition to BaP and PCBs, which are not specifically regulated by the 
Directive) are considered to be of relevance to long-term (chronic) exposure.  Group 1 metals include 
cadmium and thallium and their compounds, Group 2 includes mercury and its compounds, while Group 3 
includes antimony, arsenic, lead, chromium, cobalt, copper, manganese, nickel, vanadium and their 
compounds.  Some of these metals, such as cobalt, copper, manganese and vanadium, were excluded from 
this assessment on the basis that they pose little or no risk and as such were not included in the EPA 
HHRAP COPC database. 

8.3.33 All contaminants that were deemed by Defra and the EA as priority contaminants were considered in the 
assessment[v]. These include cadmium, mercury in the form of mercuric chloride and vapour mercury, 
arsenic, chromium (hexavalent and trivalent), lead, antimony, PCBs, BaP, dioxins and furans. Despite its 
absence from the UK list of priority contaminants and hence the absence of UK toxicological data, thallium 
was considered in the assessment due to its high toxicity.  A review has been undertaken and a list of 
available toxicological data from the USEPA Risk Assessment Information System (RAIS) was collected and 
used in the assessment. 

8.3.34 The annual-mean concentrations in air and rates of depositions of the metals, BaP, PCBs and dioxins/furans 
were predicted through atmospheric dispersion modelling using the ADMS dispersion model. The emission 
concentrations for dioxins/furans, BaP, PCBs and metals are reported and discussed in detail in Appendix 
8.1 to this Chapter.  The emission rates of metals, dioxins/furans and BaP and PCBs are presented in Table 
3.1, Table 3.2 and Table 3.3 of the Technical Appendix. For the Group 1 and Group 3 metals two scenarios 
are modelled: 

• Scenario 1 – assumes emission values comprise 100% of the total limit for the group; and 

• Scenario 2 – assumes a percentage split i.e. 50% for Group 1 metals and 11% for Group 3 
metals[vi]. 

8.3.35 It is generally recommended that for human health risk assessments, resources for characterising the 
exposure setting should initially be focused on the areas surrounding the emission sources and extending 
out to about 3 km, where the most significant deposition has generally been observed.  This area may be 
extended where sensitive receptors have not been identified within the selected domain but are known to be 
present further afield within approximately 10 km of the source.  For this assessment the 3 km radius was 
utilised as all types of sensitive receptor, with regard to human health, have been identified within the 3 km 
radius. The contour plots from atmospheric dispersion modelling also showed that the highest concentrations 
and deposition rates are within this selected radius.  

8.3.36 The model used for the human health risk assessment (IRAP-h View) allows the digitisation of areas of 
concern where risk receptors and exposure scenarios can be selected for evaluation.  Once an area has 
been defined, the model identifies, within each of the specified areas, all the grid nodes with the highest 
annual averages for each modelled air parameter (e.g., air concentration, deposition) for each phase (e.g., 
vapour, particle, particle-bound) to each emission source.  This will result in the selection of one or more 
receptor grid nodes as the location of one or more exposure scenario locations.   

8.3.37 The closest urban and rural residential areas surrounding the site where the most significant deposition is 
predicted to occur were selected for assessment in the model, including the Ted Gleave Sports Ground and 
the residential area of West Bank situated directly east of the facility. These are presented in Figure 1 of the 
Technical Appendix. 
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8.3.38 For residential and farms scenarios, in accordance with the UK guidelines as published in SR3, the critical 
receptor is considered to be a female child aged 0-6.  Breast milk feeding infants are also considered in both 
scenarios in addition to the industrial land use scenario within this assessment. 

Pathways of Exposure 

8.3.39 The two primary pathways of exposure considered in this assessment were inhalation and ingestion.   

8.3.40 On the basis of the significance of exposure and consequently risks associated with exposure, the following 
pathways were identified as the relevant pathways of exposure: 

• Inhalation;  

• Ingestion of soil; and 

• Ingestion of locally produced food.  

8.3.41 Exposure through food consumption from the following products was considered.  Details of the relevant 
pathways of exposure for each receptor are presented and discussed in Technical Appendix 8.1: 

• Home-grown produce - all farms and residential properties;  

• Eggs produced and used on receptor farms - all farms;   

• Chicken produced and used on receptor farms - all farms;   

• Beef produced and used on receptor farms - all farms; 

• Lamb produced and used on receptor farms – all farms; 

• Pork produced and used on receptor farms - all farms;  

• Milk produced and used on receptor farms - all farms; and 

• Breast milk – the worst case residential, farms and industrial properties.   

8.3.42 It is noteworthy that not all pathways of exposure considered in this assessment are likely to apply to any one 
receptor, and therefore the assessment is likely to be very conservative.  

Hazard Identification  

8.3.43 Hazard identification aims to identify contaminants of concern, their distribution in different media and 
consequently their levels of exposure.  In the absence of UK protocols for estimating the level of human 
exposure to COPCs through all relevant pathways of exposure, the USEPA  ‘Human Health Risk 
Assessment Protocol HHRAP 2005’ was used to estimate all exposures utilising the predicted concentrations 
in air and deposition rates provided as outputs of the atmospheric dispersion modelling. UK data for 
consumption of homegrown vegetables and, in the absence of UK data, US data for consumption of the 
majority of other foodstuffs were included in the exposure modelling.   

Estimation of Exposure 

8.3.44 Calculating COPC-specific exposure rates for each exposure pathway involves estimation of certain factors 
such as the media concentration and consumption rates. 

8.3.45 Where UK parameters were available to calculate the exposure through a specific pathway of exposure such 
as the consumption of home-grown produce, they were used in the assessment.  Where UK data in relation 
to media transfer factors and consumption rates were not available, these were estimated based on the 
recommendations and default values provided by the USEPA HHRAP.  
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8.3.46 Behaviour of COPCs in the environment and their transfer between different media is governed by their 
physical and chemical properties.   

8.3.47 The IRAP-h View model used for the assessment is equipped with a database of physical and chemical 
parameters that are used to calculate the media concentrations for all relevant COPCs.  These are chemical-
specific values based on current international knowledge of chemicals and therefore were used as presented 
in the database.   

8.3.48 In addition to the default values, which were used for this assessment, site-specific data are required for 
some of the parameters.  These include the following: 

• Annual average evapotranspiration;   

• Annual average precipitation;  

• Annual average runoff; and 

• Annual average wind velocity.  

8.3.49 The above data for the subject site were acquired from the UK Met Office (MORECS data, square 105, 
averages for the years 1971-2000). 

8.3.50 Details on the calculation of the concentrations of COPCs in the different media resulting from the 
concentrations in air and deposition rates, and the assumptions associated with these calculations such as 
the relevant contamination mechanisms and biotransfer factors are presented and discussed in detail in the 
Appendix 8.1. 

Assessment of Significance 

8.3.51 In order to assess the significance of the impacts the following definitions of potential significance have been 
assumed as follows: 

• Neutral -  No significant effects 

• Minor -  Not noteworthy or material – impacts are of low magnitude and frequency 

• Moderate - Noteworthy, material – impacts are of moderate magnitude and frequency 

• Major -  Impacts are likely to be of high magnitude and frequency with quality standards being 
exceeded at times 

• Substantial - Impacts will be of a consistently high magnitude and frequency.  

8.3.52 The above significant criteria are assigned according to the risk characterisation which involves combining 
the exposure quantities and the toxicity benchmarks available to calculate the risks for each of the pathways 
and receptors. 

8.3.53 The current UK approach, for assessment of carcinogenic risk to human health is based on the utilisation of 
the Index Dose (ID) for evaluating the level of risk for non-threshold effects.  

8.3.54 Current UK guidance also recommends the use of alternative approaches such as the Margin of Exposure 
(MoE) for contaminants where the carcinogenic level of risk is derived from animal studies such as BaP.  In 
the absence of formal confirmation from Defra and the EA regarding the approach to be adopted for BaP, 
both the ID and the MoE approaches will be used.  

8.3.55 The current UK approach for the assessment of non-carcinogenic risk to human health is based on the 
utilisation of the Tolerable Daily Intake (TDI). 
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8.3.56 Impacts from the proposed development are only considered to be of potential significance, having regard to 
the sensitivity of receptors, if the predicted contribution leads to increases in the levels of risk from long-term 
exposure to levels greater than considered acceptable in the risk characterisation. Impacts from the facility 
are only considered to be potentially significant, if:  

• The predicted level of risk is greater than 1. 

8.3.57 Results of the health risk assessment are discussed in relation to these criteria in Section 8.7. 

Cumulative Impacts 

8.3.58 An additional source of emissions is included within the assessment i.e. the stack associated with the Ineos 
Chlor Energy from Waste Facility located in Runcorn which is due to be operational in 2013. Background 
exposure to COPC is also included i.e. for the ingestion exposure pathway through the diet and the 
inhalation pathway though exposure to the atmosphere. 

Limitation of the Assessment 

8.3.59 The background level of COPC cannot be practically quantified. This is discussed further in the following 
section. 

8.4 Baseline Conditions 

8.4.1 The UK approach to risk assessment from land contamination for non-carcinogen compounds is based on 
the health criteria with consideration given to potential background exposure through other sources such as 
food and water.  Where background exposure is equal to or greater than 50% of the health criterion or is 
unknown, 50% of the health criterion is used as the acceptable level from exposure to land contamination 
with the remaining 50% left to other sources to allow for exposure through the ingestion of food, water and 
other sources.   

8.4.2 In this assessment, the background level of COPC within the locality of the facility is an unknown quantity 
that is not practically feasible to quantify at a receptor scale. This is due to the very heterogeneous nature of 
the soil as a natural media caused by geological and anthropogenic influence from the varying use of land 
over time. 

8.4.3 The background exposure through the inhalation pathway was considered within this risk assessment for all 
the threshold compounds by adding the mean daily intake (MDI) to the process contribution from the facility 
and the Ineos Chlor stack for comparison with the tolerable daily intake.  

8.4.4 Considering that the most sensitive receptors are the farmers who are presumed to be self-sufficient and 
producing most of their food items on the farm, the background exposure through the ingestion pathway from 
food was not added to the total exposure to avoid double counting. 

8.4.5 However to allow for the contribution to the exposure from the soil current contamination, background 
exposure is considered by using MDI as a background exposure. The MDI is the average ‘background 
intake’ to which the UK population may be exposed. Therefore by adopting this approach it is assumed that 
food produced in the area (without the facility) will result in exposure to COPC similar to the normal level UK 
residents are exposed to through ingestion of food and water and that the facility emissions will result in daily 
intake equivalent to the increase in the concentration of soil, plants and animal tissues resulting from the 
facility operation. Therefore the risk will be derived from the combined daily intake from the facility emissions 
(process contribution) and the MDI. 

8.4.6 Furthermore the concentration of soil contamination caused by the identified sources for the assessment is 
presented alongside the soil concentrations considered to be acceptable (UK soil guideline values). Also 
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comparison is made with the Soil Association acceptable levels to assess the significance of the sources 
contribution to the total. Current UK rural and urban soil concentration of the assessed contaminants as 
provided in “The UK Soil and Herbage Pollutant Survey, EA 2007) were used as indicative of the background 
soil contamination level to predict the final soil concentration at receptors. 

8.5 Identification and Evaluation of Key Impacts 

Site Preparation and Construction 

8.5.1 Due to the nature of the health risk assessment being related to long-term exposure to persistent 
contaminants, the effect of the construction phase is not considered to be of relevance to this assessment.  
Acute (short term) effects from dust generation during the construction period and their potential effect on air 
quality are discussed within Chapter 7. 

On Completion 
Estimating Hazards and Risks 

8.5.2 The risk assessment presented in this report includes the following elements of work; 

• Estimates of threshold and non-threshold risks associated with exposure to relevant COPCs; 

• Estimates of threshold and non-threshold risk associated with pathways of exposure; 

• Estimates of blood levels associated with exposure to lead; 

• Evaluation of infant exposure via breast milk to COPCs with appropriate biotransfer factors; 

• Estimates of the soil concentrations at most affected receptors to compare with urban and rural soil 
concentrations and with UK Soil Guide Values and Soil Association acceptable levels; and 

• Estimates of the concentrations of certain metals in food items such as milk, meat and vegetables 
and compare them with national standards.   

8.5.3 The total cancer risks and total hazard quotients estimated by the model for the maximum emission from the 
proposed facility from all the identified sources for all identified receptors are presented and discussed in 
detail in the Technical Appendix. 

8.5.4 The results demonstrate that the highest exposure associated with a farm receptor was in the location of 
Receptor 6 (Newstead Farm) and for a resident receptor was Receptor 13 (West Bank). 

8.5.5 The highest non threshold risk for metals was associated with arsenic in the location of Receptor 13. Arsenic 
has a non threshold effect in both ingestion and inhalation pathways. In Scenario 1 the ratio of exposure to 
the index dose is 2.88x10-03 through the ingestion pathway and 5.68x10-01 through the inhalation pathway. In 
Scenario 2 the combined ratio of exposure is 6.27x10-02. Both individually and the combined ratios are lower 
than the target level of 1. 

8.5.6 The highest non threshold risks for BaP and hexavalent chromium are also in the location of Receptor 13. 
The ratio of exposure to the index dose the inhalation exposure of hexavalent chromium is 1.39x10-01 for 
Scenario 1 and 1.53x10-02 for Scenario 2, lower than the target level of 1. BaP has a non threshold effect in 
both the ingestion and inhalation pathways. The ratio of exposure to the index dose is 6.63x10-07 through the 
ingestion pathway and 2.20x10-04 through the inhalation pathway. Both are significantly lower than the target 
level of 1. 

8.5.7 The highest threshold risk associated with metals for the process contribution is thallium for both the farmer 
and residential receptor. For Scenario 1 the hazard quotients are 6.51x10-02 and 3.22x10-03 respectively and 
for Scenario 2, 3.25x10-02 and 1.61x10-03, lower than the target level of 1. 
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8.5.8 In terms of combined ingestion and inhalation the highest threshold risk for the process contribution is 
associated with exposure to nickel for a residential receptor at a combined risk level of 1.99x10-01 for 
Scenario 1 and 2.19x10-02 for Scenario 2. 

8.5.9 In terms of combined ingestion and inhalation for the farmer receptor the highest threshold risk for the 
process contribution is also associated with exposure to nickel at a combined risk level of 8.94x10-02 for 
Scenario 1 and 9.84x10-03 for Scenario 2. 

8.5.10 The hazard quotient for the combined risk from all dioxins and furans and dioxin-like PCBs (expressed as a 
TEQ) are 4.64x10-04 for a resident receptor and 1.54x10-02 for a farmer receptor, lower than the target level of 
1. 

8.5.11 Despite the numerous highly conservative assumptions, all hazard indices and non threshold risks when 
considering the process contribution are well below the target level. With consideration of background 
exposure the risks are well below the target levels unless the background exposure already exceeds the 
acceptable level of exposure. 

8.5.12 BaP was assessed using the Margin of Exposure approach which compares the anticipated human 
exposure of a contaminant from a source to a benchmark dose level (BMDL). The BMDL10 was used in the 
calculation (i.e. lower confidence limit of the benchmark dose which results in a 10% excess in incidence of 
cancer in a group of animals).  

8.5.13 The total exposure for the worst farm receptor at Receptor 6 for BaP was 1.89x10-06. Using a BMDL10 of 520 
µg.kg-1.day-1 (lowest BMDL published by the Committee on Carcinogenicity of Chemicals in Food, Consumer 
Products and the Environment) an MoE ratio of in excess of 1,000,000 was calculated which corresponds to 
an MoE band of ‘highly unlikely to pose a risk’. 

8.5.14 IRAP-h View calculates the exposure through breast milk by calculating infant exposures, and risks 
associated with such infant exposures for dioxins and furans expressed as 2,3,7,8-TCDD TEQ. 

8.5.15 There are no UK or US EPA target levels for acceptable infant exposure.  However, one approach the US 
EPA has taken to evaluate whether dioxins and furans are likely to cause significant health effects to infants 
is to compare estimated TEQ exposures to national average background exposure levels.    

8.5.16 The Defra and EA R&D publication TOX 12, reported a UK background adult exposure of 1.8 pg TEQ.kg-
day-1.  The former Ministry of Agriculture, Forestry and Fisheries (MAFF) calculated dietary intake by breast-
fed infants to be 170 pg TEQ.kg-day-1 at two months, dropping to 39 pg TEQ.kg-day-1 at 10 months.  Despite 
the high intakes of dioxins experienced by nursing infants (about 100-fold those of an adult), the impact of 
breast-feeding on infant body burden of dioxin is markedly less dramatic.  Peak infant body burdens are only 
around twice those of an adult, a consequence of the infant’s rapidly expanding body weight and lipid 
volume, as well as a possibly faster elimination rate  

8.5.17 The infant ADD pg.kg-day-1 for each receptor and the calculated average daily dose for an infant exposed to 
contaminated breast milk for specific dioxins and furans at the most affected receptor are presented and 
discussed in Appendix 8.1.  All of the estimated values at all receptors are significantly lower than the UK and 
USA infant background exposure.   

8.5.18 Estimates of the potential health effects of exposure to lead are commonly assessed in relation to lead 
concentration in blood.  In addition to the assessment of potential risk from exposure to lead through all the 
identified pathways of exposure, lead exposure was also compared with additional criteria.  The EA formerly 
provided a soil guideline value of 450 mg.kg-1 of lead that is considered not to increase the blood 
concentration to greater than the acceptable level.  The UK annual mean air quality objective for lead is 
currently 0.25 µg.m-3.  The model predicted average and maximum soil concentration and the air 
concentration of lead at different receptors are presented and discussed in relation to these additional criteria 
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in Appendix 8.1.  Both the soil and air concentrations of lead were found to be significantly lower than their 
target level at all receptors. 

8.5.19 To allow for inspection of the very low predicted soil concentration of all identified contaminants as a result of 
the emission from the proposed facility, they are presented in Appendix 8.1 alongside the UK survey of soil 
data for urban and rural soils, the soil guideline values and Soil Association Acceptable Levels.  

8.5.20 The predicted concentration for certain contaminants in meat, poultry and produces produced in the area 
were presented and compared to the maximum allowable levels in foodstuffs as reported in Commission 
Regulations (EC) No 1881/2006 (and subsequent amendments) and enforced by the UK Contaminants in 
Food Regulations 2010 and found to be significantly lower than the UK standard. 

8.5.21 Overall on the basis of the assessment the significance of the effects is considered to be neutral. 

Cumulative 

8.5.22 Emissions from the Ineos Chlor Energy from Waste Facility were included in the air dispersion model. The 
process contributions identified in the preceding section therefore include this additional source.  

8.6 Design Response and Mitigation 

8.6.1 No design response to or additional mitigation other than that incorporated within the proposed facility design, 
is considered to be necessary for the control of emissions from the proposed facility. 

8.7 Residual Impact 

8.7.1 Residual effects are the same as those predicted in Section 8.5 which are considered to be neutral and 
therefore not significant. 

8.8 Conclusion 

8.8.1 Concentrations of contaminants of potential concern in the different receiving media were calculated from the 
particle phase and vapour deposition to the soil.  The estimated concentrations were based on a number of 
conservative assumptions to ensure that worst-case scenarios were assessed.  It should be borne in mind 
that the modelled exposure scenario represent a highly implausible situation in which all exposure 
assumptions are chosen to represent a worst case scenario and should therefore be considered as extreme 
view of the risk to health.  

8.8.2 To identify the levels of risks from exposure to each individual chemical in all relevant pathways of exposure, 
the ratio of the exposure to the health criteria value were calculated and compared with the acceptable 
criterion of 1. 

8.8.3 The process contributions for all residential and farmer receptors were found to be below the acceptable level 
of 1. Therefore potential health impact on all receptors is not considered of potential significance.  Table 8.1 
contains a summary of the likely significant impacts of the proposed development.  

8.8.4 It was therefore concluded that exposure to the facility’s emissions with consideration to background 
exposure, where appropriate, is not considered to pose unacceptable risk to all identified receptors in the 
vicinity of the proposed facility. 

ES Chapter 8 – Human Health Risk Assessment  11 2012 
RPS                                                                                               



Widnes 3MG Biomass CHP Plant  BWSC 
 

Table 8.1 contains a summary of the likely significant impacts of the proposed development. 

Table 8.1: Summary of Residual Impacts 
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	8 Human Health Risk Assessment
	8.1 Introduction 
	8.1.1 This chapter provides the Human Health Risk Assessment (HHRA) undertaken as part of the Environmental Impact Assessment (EIA) for the proposed Widnes 3MG Biomass CHP Plant. The chapter assesses the risks to human health associated with long term exposure to emissions from the operation of the proposed facility in line with best practice and methodologies.


	Scope of Study
	8.1.2 This chapter of the ES assesses the likely impacts of the facility in terms of human health and is supported by the following Appendices:
	8.1.3 The chapter describes the assessment methodology; the baseline conditions currently existing at the application site and surroundings; the likely significant environmental impacts; the mitigation measures required to prevent, reduce or offset any significant adverse impacts and the likely residual effects after these mitigation measures have been employed.
	8.2 Legislation and Policy Context
	8.2.1 A detailed review of the Development Plan documents and planning context in relation to the development proposals is provided in Chapter 3.
	8.2.2 The following section provides a summary of the legal framework directly relevant to Human Health issues.


	National Policy and Legislation
	8.2.3 The National Planning Policy Framework sets out the Government’s planning policies for England which includes conserving and enhancing the local environment. It states that to prevent unacceptable risks from pollution and land instability, planning policies and decisions should ensure that new development is appropriate for its location. The effects (including cumulative effects) of pollution on health, the natural environment or general amenity, and the potential sensitivity of the area or proposed development to adverse effects from pollution, should be taken into account. 
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	8.3.14 Defra and EA, 2002. Collation of Toxicological Data and Intake Values for Humans. Benzo(a)Pyrene.

	Consultations
	8.3.15 In carrying out the Human Health Risk Assessment consultation has included:

	The Formal Scoping Process
	8.3.16 The EIA Scoping Report issued to Halton BC detailed the scope of the Human Health Risk Assessment. No specific responses in relation to the HHRA were received.

	Methodology
	8.3.17 A direct measurement of exposure attributable to facilities such as that proposed at Widnes cannot be made due to the complexity of the pollutant mixture, the possibility of exposure through multiple pathways, wider environmental and lifestyle influences and the generally non-specific health outcomes.
	8.3.18 This is a predictive assessment of the proposed facility, therefore the various exposure routes have been modelled rather than measured. The dispersion modelling is based on the emissions from the air quality assessment and factoring in the influence of the local meteorological conditions and characteristics such as stack height, velocity and temperature. The modelling predicts a worst-case exposure attributable to the source and this is used as the basis of the health risk assessment. 
	8.3.19 Exposure to emissions from thermal treatment facilities can be through a number of pathways, with inhalation and the food chain being the most critical. For certain persistent pollutants, such as trace metals, dioxins and furans, benzo(a)pyrene (BaP) and PCBs, the cumulative indirect exposure via the ingestion of contaminated food is of paramount importance. Therefore potential exposure through this important pathway has been accounted for in addition to the inhalation.
	8.3.20 In the absence of an equivalent UK method, the Industrial Risk Assessment Program - Human Health (IRAP-h View version 4.0.3), which is based on the United States Environment Protection Agency (US EPA) Human Health Risk Assessment Protocol [i], has been used to calculate the transport and fate of trace contaminants emitted in the stack exhaust gases. The default exposure parameters and toxicological data were replaced, where available, by those recommended by the EA’s Science Reports SR2[ii] and SR3[iii] and associated TOX reports together with other recognised UK sources.
	8.3.21 The level of exposure to trace metals, dioxins and furans, BaP and PCBs emitted from the proposed facility has been quantified at selected sensitive receptors within the vicinity of the site.  In residential locations, the key exposure pathway is through the ingestion of soils and home-grown produce.  On agricultural premises, potential exposure through the ingestion of home-grown produce, ingestion of beef, lamb, milk, pork, poultry and eggs produced in farms within the vicinity of the site has been included, as appropriate. Infant exposure to dioxins and furans and dioxin-like PCBs through breast milk is also assessed.
	8.3.22 Throughout this assessment, where there is some uncertainty in respect of the data, a precautionary approach (conservative) has been used to estimate the possible risks from exposure to emissions from the proposed facility. The rationale is to ensure that full allowance is made for any uncertainties in the interpretation of the data provided.
	8.3.23 The Defra common framework[iv] providing general guidance for risk assessment and management has been used as the founding principles for the assessment of impact on human health from the proposed facility. 
	8.3.24 The common framework includes guidelines setting out the basic principles which the regulatory authorities would normally intend to use in the assessment and management of environmental risks and which are recommended for all public-domain risk assessments.  They are intended to provide decision-makers, practitioners and the public with a consistent language and approach for environmental risk assessment and management.  The guidelines provide a framework for a tiered approach to environmental risk assessment and management where the level of effort put into assessing each risk is proportionate to its priority (in relation to other risks) and its complexity (in relation to an understanding of the likely impacts). 
	8.3.25 The site-specific risk assessment was conducted within a staged approach, consistent with the current UK risk assessment guidelines as presented below.

	Stage 1: Development of Conceptual Model of the Site
	8.3.26 The risk assessment procedure utilises the source-pathway-receptor concept in constructing a Site Conceptual Model (SCM) and assesses potential risks.  The source-pathway-receptor ‘pollutant linkage’ scenario provides a useful basis for generating a site conceptual model, which can be used to identify critical pathways on which a quantitative analysis may be undertaken.  The SCM establishes, in a qualitative manner, the following:

	Stage 2: Hazard Identification  
	8.3.27 This includes identification of:

	Stage 3: Hazard/Risk Characterisation and Assessment 
	8.3.28 This includes:

	Stage 4: Risk Control and Management 
	8.3.29 At this stage of the assessment, strategies to control and manage potential risks through appropriate mitigation measures are identified if needed. This may be achieved through the management of the source or the exposure pathways to prevent the exposure of the receptors.

	Risk Assessment 
	The Site Conceptual Model
	8.3.30 The development of a site conceptual model (SCM) is the first stage of the risk assessment. The model is used to identify the potential sources, critical pathways and receptors that require assessment as described in the following paragraphs.

	Sources
	8.3.31 Potential health risks associated with the effect of emissions from the proposed facility were considered.  The European Directive 2000/76/EC prescribes air emission limits for the following pollutants:
	8.3.32 Only metals and dioxins/furans (in addition to BaP and PCBs, which are not specifically regulated by the Directive) are considered to be of relevance to long-term (chronic) exposure.  Group 1 metals include cadmium and thallium and their compounds, Group 2 includes mercury and its compounds, while Group 3 includes antimony, arsenic, lead, chromium, cobalt, copper, manganese, nickel, vanadium and their compounds.  Some of these metals, such as cobalt, copper, manganese and vanadium, were excluded from this assessment on the basis that they pose little or no risk and as such were not included in the EPA HHRAP COPC database.
	8.3.33 All contaminants that were deemed by Defra and the EA as priority contaminants were considered in the assessment[v]. These include cadmium, mercury in the form of mercuric chloride and vapour mercury, arsenic, chromium (hexavalent and trivalent), lead, antimony, PCBs, BaP, dioxins and furans. Despite its absence from the UK list of priority contaminants and hence the absence of UK toxicological data, thallium was considered in the assessment due to its high toxicity.  A review has been undertaken and a list of available toxicological data from the USEPA Risk Assessment Information System (RAIS) was collected and used in the assessment.
	8.3.34 The annual-mean concentrations in air and rates of depositions of the metals, BaP, PCBs and dioxins/furans were predicted through atmospheric dispersion modelling using the ADMS dispersion model. The emission concentrations for dioxins/furans, BaP, PCBs and metals are reported and discussed in detail in Appendix 8.1 to this Chapter.  The emission rates of metals, dioxins/furans and BaP and PCBs are presented in Table 3.1, Table 3.2 and Table 3.3 of the Technical Appendix. For the Group 1 and Group 3 metals two scenarios are modelled:
	8.3.35 It is generally recommended that for human health risk assessments, resources for characterising the exposure setting should initially be focused on the areas surrounding the emission sources and extending out to about 3 km, where the most significant deposition has generally been observed.  This area may be extended where sensitive receptors have not been identified within the selected domain but are known to be present further afield within approximately 10 km of the source.  For this assessment the 3 km radius was utilised as all types of sensitive receptor, with regard to human health, have been identified within the 3 km radius. The contour plots from atmospheric dispersion modelling also showed that the highest concentrations and deposition rates are within this selected radius. 
	8.3.36 The model used for the human health risk assessment (IRAP-h View) allows the digitisation of areas of concern where risk receptors and exposure scenarios can be selected for evaluation.  Once an area has been defined, the model identifies, within each of the specified areas, all the grid nodes with the highest annual averages for each modelled air parameter (e.g., air concentration, deposition) for each phase (e.g., vapour, particle, particle-bound) to each emission source.  This will result in the selection of one or more receptor grid nodes as the location of one or more exposure scenario locations.  
	8.3.37 The closest urban and rural residential areas surrounding the site where the most significant deposition is predicted to occur were selected for assessment in the model, including the Ted Gleave Sports Ground and the residential area of West Bank situated directly east of the facility. These are presented in Figure 1 of the Technical Appendix.
	8.3.38 For residential and farms scenarios, in accordance with the UK guidelines as published in SR3, the critical receptor is considered to be a female child aged 0-6.  Breast milk feeding infants are also considered in both scenarios in addition to the industrial land use scenario within this assessment.

	Pathways of Exposure
	8.3.39 The two primary pathways of exposure considered in this assessment were inhalation and ingestion.  
	8.3.40 On the basis of the significance of exposure and consequently risks associated with exposure, the following pathways were identified as the relevant pathways of exposure:
	8.3.41 Exposure through food consumption from the following products was considered.  Details of the relevant pathways of exposure for each receptor are presented and discussed in Technical Appendix 8.1:
	8.3.42 It is noteworthy that not all pathways of exposure considered in this assessment are likely to apply to any one receptor, and therefore the assessment is likely to be very conservative. 

	Hazard Identification 
	8.3.43 Hazard identification aims to identify contaminants of concern, their distribution in different media and consequently their levels of exposure.  In the absence of UK protocols for estimating the level of human exposure to COPCs through all relevant pathways of exposure, the USEPA  ‘Human Health Risk Assessment Protocol HHRAP 2005’ was used to estimate all exposures utilising the predicted concentrations in air and deposition rates provided as outputs of the atmospheric dispersion modelling. UK data for consumption of homegrown vegetables and, in the absence of UK data, US data for consumption of the majority of other foodstuffs were included in the exposure modelling.  

	Estimation of Exposure
	8.3.44 Calculating COPC-specific exposure rates for each exposure pathway involves estimation of certain factors such as the media concentration and consumption rates.
	8.3.45 Where UK parameters were available to calculate the exposure through a specific pathway of exposure such as the consumption of home-grown produce, they were used in the assessment.  Where UK data in relation to media transfer factors and consumption rates were not available, these were estimated based on the recommendations and default values provided by the USEPA HHRAP. 
	8.3.46 Behaviour of COPCs in the environment and their transfer between different media is governed by their physical and chemical properties.  
	8.3.47 The IRAP-h View model used for the assessment is equipped with a database of physical and chemical parameters that are used to calculate the media concentrations for all relevant COPCs.  These are chemical-specific values based on current international knowledge of chemicals and therefore were used as presented in the database.  
	8.3.48 In addition to the default values, which were used for this assessment, site-specific data are required for some of the parameters.  These include the following:
	8.3.49 The above data for the subject site were acquired from the UK Met Office (MORECS data, square 105, averages for the years 1971-2000).
	8.3.50 Details on the calculation of the concentrations of COPCs in the different media resulting from the concentrations in air and deposition rates, and the assumptions associated with these calculations such as the relevant contamination mechanisms and biotransfer factors are presented and discussed in detail in the Appendix 8.1.

	Assessment of Significance
	8.3.51 In order to assess the significance of the impacts the following definitions of potential significance have been assumed as follows:
	8.3.52 The above significant criteria are assigned according to the risk characterisation which involves combining the exposure quantities and the toxicity benchmarks available to calculate the risks for each of the pathways and receptors.
	8.3.53 The current UK approach, for assessment of carcinogenic risk to human health is based on the utilisation of the Index Dose (ID) for evaluating the level of risk for non-threshold effects. 
	8.3.54 Current UK guidance also recommends the use of alternative approaches such as the Margin of Exposure (MoE) for contaminants where the carcinogenic level of risk is derived from animal studies such as BaP.  In the absence of formal confirmation from Defra and the EA regarding the approach to be adopted for BaP, both the ID and the MoE approaches will be used. 
	8.3.55 The current UK approach for the assessment of non-carcinogenic risk to human health is based on the utilisation of the Tolerable Daily Intake (TDI).
	8.3.56 Impacts from the proposed development are only considered to be of potential significance, having regard to the sensitivity of receptors, if the predicted contribution leads to increases in the levels of risk from long-term exposure to levels greater than considered acceptable in the risk characterisation. Impacts from the facility are only considered to be potentially significant, if: 
	8.3.57 Results of the health risk assessment are discussed in relation to these criteria in Section 8.7.

	Cumulative Impacts
	8.3.58 An additional source of emissions is included within the assessment i.e. the stack associated with the Ineos Chlor Energy from Waste Facility located in Runcorn which is due to be operational in 2013. Background exposure to COPC is also included i.e. for the ingestion exposure pathway through the diet and the inhalation pathway though exposure to the atmosphere.

	Limitation of the Assessment
	8.3.59 The background level of COPC cannot be practically quantified. This is discussed further in the following section.
	8.4 Baseline Conditions
	8.4.1 The UK approach to risk assessment from land contamination for non-carcinogen compounds is based on the health criteria with consideration given to potential background exposure through other sources such as food and water.  Where background exposure is equal to or greater than 50% of the health criterion or is unknown, 50% of the health criterion is used as the acceptable level from exposure to land contamination with the remaining 50% left to other sources to allow for exposure through the ingestion of food, water and other sources.  
	8.4.2 In this assessment, the background level of COPC within the locality of the facility is an unknown quantity that is not practically feasible to quantify at a receptor scale. This is due to the very heterogeneous nature of the soil as a natural media caused by geological and anthropogenic influence from the varying use of land over time.
	8.4.3 The background exposure through the inhalation pathway was considered within this risk assessment for all the threshold compounds by adding the mean daily intake (MDI) to the process contribution from the facility and the Ineos Chlor stack for comparison with the tolerable daily intake. 
	8.4.4 Considering that the most sensitive receptors are the farmers who are presumed to be self-sufficient and producing most of their food items on the farm, the background exposure through the ingestion pathway from food was not added to the total exposure to avoid double counting.
	8.4.5 However to allow for the contribution to the exposure from the soil current contamination, background exposure is considered by using MDI as a background exposure. The MDI is the average ‘background intake’ to which the UK population may be exposed. Therefore by adopting this approach it is assumed that food produced in the area (without the facility) will result in exposure to COPC similar to the normal level UK residents are exposed to through ingestion of food and water and that the facility emissions will result in daily intake equivalent to the increase in the concentration of soil, plants and animal tissues resulting from the facility operation. Therefore the risk will be derived from the combined daily intake from the facility emissions (process contribution) and the MDI.
	8.4.6 Furthermore the concentration of soil contamination caused by the identified sources for the assessment is presented alongside the soil concentrations considered to be acceptable (UK soil guideline values). Also comparison is made with the Soil Association acceptable levels to assess the significance of the sources contribution to the total. Current UK rural and urban soil concentration of the assessed contaminants as provided in “The UK Soil and Herbage Pollutant Survey, EA 2007) were used as indicative of the background soil contamination level to predict the final soil concentration at receptors.

	8.5 Identification and Evaluation of Key Impacts

	Site Preparation and Construction
	8.5.1 Due to the nature of the health risk assessment being related to long-term exposure to persistent contaminants, the effect of the construction phase is not considered to be of relevance to this assessment.  Acute (short term) effects from dust generation during the construction period and their potential effect on air quality are discussed within Chapter 7.

	On Completion
	Estimating Hazards and Risks
	8.5.2 The risk assessment presented in this report includes the following elements of work;
	8.5.3 The total cancer risks and total hazard quotients estimated by the model for the maximum emission from the proposed facility from all the identified sources for all identified receptors are presented and discussed in detail in the Technical Appendix.
	8.5.4 The results demonstrate that the highest exposure associated with a farm receptor was in the location of Receptor 6 (Newstead Farm) and for a resident receptor was Receptor 13 (West Bank).
	8.5.5 The highest non threshold risk for metals was associated with arsenic in the location of Receptor 13. Arsenic has a non threshold effect in both ingestion and inhalation pathways. In Scenario 1 the ratio of exposure to the index dose is 2.88x10-03 through the ingestion pathway and 5.68x10-01 through the inhalation pathway. In Scenario 2 the combined ratio of exposure is 6.27x10-02. Both individually and the combined ratios are lower than the target level of 1.
	8.5.6 The highest non threshold risks for BaP and hexavalent chromium are also in the location of Receptor 13. The ratio of exposure to the index dose the inhalation exposure of hexavalent chromium is 1.39x10-01 for Scenario 1 and 1.53x10-02 for Scenario 2, lower than the target level of 1. BaP has a non threshold effect in both the ingestion and inhalation pathways. The ratio of exposure to the index dose is 6.63x10-07 through the ingestion pathway and 2.20x10-04 through the inhalation pathway. Both are significantly lower than the target level of 1.
	8.5.7 The highest threshold risk associated with metals for the process contribution is thallium for both the farmer and residential receptor. For Scenario 1 the hazard quotients are 6.51x10-02 and 3.22x10-03 respectively and for Scenario 2, 3.25x10-02 and 1.61x10-03, lower than the target level of 1.
	8.5.8 In terms of combined ingestion and inhalation the highest threshold risk for the process contribution is associated with exposure to nickel for a residential receptor at a combined risk level of 1.99x10-01 for Scenario 1 and 2.19x10-02 for Scenario 2.
	8.5.9 In terms of combined ingestion and inhalation for the farmer receptor the highest threshold risk for the process contribution is also associated with exposure to nickel at a combined risk level of 8.94x10-02 for Scenario 1 and 9.84x10-03 for Scenario 2.
	8.5.10 The hazard quotient for the combined risk from all dioxins and furans and dioxin-like PCBs (expressed as a TEQ) are 4.64x10-04 for a resident receptor and 1.54x10-02 for a farmer receptor, lower than the target level of 1.
	8.5.11 Despite the numerous highly conservative assumptions, all hazard indices and non threshold risks when considering the process contribution are well below the target level. With consideration of background exposure the risks are well below the target levels unless the background exposure already exceeds the acceptable level of exposure.
	8.5.12 BaP was assessed using the Margin of Exposure approach which compares the anticipated human exposure of a contaminant from a source to a benchmark dose level (BMDL). The BMDL10 was used in the calculation (i.e. lower confidence limit of the benchmark dose which results in a 10% excess in incidence of cancer in a group of animals). 
	8.5.13 The total exposure for the worst farm receptor at Receptor 6 for BaP was 1.89x10-06. Using a BMDL10 of 520 µg.kg-1.day-1 (lowest BMDL published by the Committee on Carcinogenicity of Chemicals in Food, Consumer Products and the Environment) an MoE ratio of in excess of 1,000,000 was calculated which corresponds to an MoE band of ‘highly unlikely to pose a risk’.
	8.5.14 IRAP-h View calculates the exposure through breast milk by calculating infant exposures, and risks associated with such infant exposures for dioxins and furans expressed as 2,3,7,8-TCDD TEQ.
	8.5.15 There are no UK or US EPA target levels for acceptable infant exposure.  However, one approach the US EPA has taken to evaluate whether dioxins and furans are likely to cause significant health effects to infants is to compare estimated TEQ exposures to national average background exposure levels.   
	8.5.16 The Defra and EA R&D publication TOX 12, reported a UK background adult exposure of 1.8 pg TEQ.kg-day-1.  The former Ministry of Agriculture, Forestry and Fisheries (MAFF) calculated dietary intake by breast-fed infants to be 170 pg TEQ.kg-day-1 at two months, dropping to 39 pg TEQ.kg-day-1 at 10 months.  Despite the high intakes of dioxins experienced by nursing infants (about 100-fold those of an adult), the impact of breast-feeding on infant body burden of dioxin is markedly less dramatic.  Peak infant body burdens are only around twice those of an adult, a consequence of the infant’s rapidly expanding body weight and lipid volume, as well as a possibly faster elimination rate 
	8.5.17 The infant ADD pg.kg-day-1 for each receptor and the calculated average daily dose for an infant exposed to contaminated breast milk for specific dioxins and furans at the most affected receptor are presented and discussed in Appendix 8.1.  All of the estimated values at all receptors are significantly lower than the UK and USA infant background exposure.  
	8.5.18 Estimates of the potential health effects of exposure to lead are commonly assessed in relation to lead concentration in blood.  In addition to the assessment of potential risk from exposure to lead through all the identified pathways of exposure, lead exposure was also compared with additional criteria.  The EA formerly provided a soil guideline value of 450 mg.kg-1 of lead that is considered not to increase the blood concentration to greater than the acceptable level.  The UK annual mean air quality objective for lead is currently 0.25 µg.m-3.  The model predicted average and maximum soil concentration and the air concentration of lead at different receptors are presented and discussed in relation to these additional criteria in Appendix 8.1.  Both the soil and air concentrations of lead were found to be significantly lower than their target level at all receptors.
	8.5.19 To allow for inspection of the very low predicted soil concentration of all identified contaminants as a result of the emission from the proposed facility, they are presented in Appendix 8.1 alongside the UK survey of soil data for urban and rural soils, the soil guideline values and Soil Association Acceptable Levels. 
	8.5.20 The predicted concentration for certain contaminants in meat, poultry and produces produced in the area were presented and compared to the maximum allowable levels in foodstuffs as reported in Commission Regulations (EC) No 1881/2006 (and subsequent amendments) and enforced by the UK Contaminants in Food Regulations 2010 and found to be significantly lower than the UK standard.
	8.5.21 Overall on the basis of the assessment the significance of the effects is considered to be neutral.

	Cumulative
	8.5.22 Emissions from the Ineos Chlor Energy from Waste Facility were included in the air dispersion model. The process contributions identified in the preceding section therefore include this additional source. 
	8.6 Design Response and Mitigation
	8.6.1 No design response to or additional mitigation other than that incorporated within the proposed facility design, is considered to be necessary for the control of emissions from the proposed facility.

	8.7 Residual Impact
	8.7.1 Residual effects are the same as those predicted in Section 8.5 which are considered to be neutral and therefore not significant.

	8.8 Conclusion
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