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SUMMARY 
 
This human health risk assessment quantifies the potential impact of the emissions from the 
proposed East Midlands Energy Re-Generation (EMERGE) Centre on human health. The 
assessment considers the impact of species released to air, which can subsequently 
accumulate in the environment, at the maximum impact point and at the most impacted local 
receptors. 
 
Impacts from the Installation have been assessed against the Intake Dose (ID), for pollutants 
where there is no exposure threshold for toxicity, and against the Tolerable Daily Intake (TDI) in 
combination with existing exposure levels (the mean daily intake, MDI), for pollutants where a 
threshold exists. 
 
For agricultural adult and residential adult receptors, the combined process contribution and 
MDI were well below the applicable TDI for all species for both ingestion and inhalation 
exposure. Similarly, the process contribution was well below the applicable ID for all species for 
both ingestion and inhalation exposure for adult receptors. 
 
For agricultural child and residential child receptors, the combined process contribution and 
existing exposure level were well below the applicable TDI for all species in relation to inhalation 
exposure. The process contribution was also well below the applicable ID for all species for both 
ingestion and inhalation exposure for child receptors. 
 
The total accumulation of dioxins in an infant, considering the breast milk pathway, was also 
well below the applicable ingestion TDI for both agricultural and residential receptors, noting 
that there are no other ingestion pathways for infants. 
 
The TDI for ingestion was exceeded for cadmium, chromium and nickel for both agricultural and 
residential child receptors. However, this was due to the level of existing exposure which 
comprised 138.9%, 160.0% and 177.1% of the TDI for a child for cadmium, chromium and 
nickel respectively. 
 
The process contributions from the Installation are exceptionally small being only 0.03%, 0.2% 
and 0.35% of the TDI for cadmium, chromium and nickel respectively at the worst-case impact 
point based on an agricultural child receptor. 

http://www.uniper.energy/


Revision 1 ii UTG/20/PMP/490/R 

The process contributions are 0.02%, 0.03% and 0.05% of the TDI for cadmium, chromium and 
nickel respectively at the worst-case impact point based on a residential child receptor. 

The TDIs applied are set at a level that can be ingested daily over a lifetime without appreciable 
health risk, and the ID is a threshold below which there are considered to be negligible risks to 
human health. 

Given that the impacts associated with emissions from the Installation are below the TDI in 
combination with the MDI, or below the ID, or are extremely small relative to the TDI, it can 
confidently be concluded that emissions to air associated with operation of the Installation will 
not result in appreciable health risks. 
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1 INTRODUCTION 
 
This human health risk assessment (HHRA) study quantifies the potential impact of emissions 
from the proposed East Midlands Energy Re-Generation (EMERGE) Centre, to be located on 
the Ratcliffe-on-Soar Power Station site, on human health. 
 
For most substances released from the EMERGE Centre (hereinafter the Installation), the most 
significant effects on human health will arise by inhalation. The Air Quality Assessment Levels 
(AQALs) outlined within the Air Quality Assessment report (Appendix D1 of the Permit 
Application) have been set by the various authorities at a level which is considered to protect 
human health, including vulnerable groups. If the concentrations in the atmosphere are less 
than the AQALs, then the pollutant is unlikely to have an adverse effect on human health. 
 
For some pollutants which accumulate in the environment, inhalation is only one of the potential 
exposure routes. Therefore, other exposure routes, in particular ingestion, are considered in this 
assessment. 
 
Impacts from pollutants which accumulate in the environment result from long-term exposure 
(over a number of years) and hence the assessment presented considers emissions from the 
Installation taking into account the effects of buildings associated with the Installation and those 
likely to remain in place on the wider Power Station site over the long term. This is Scenario A in 
the Air Quality Assessment report (Appendix D1 of the Permit Application). 
 
The existing coal-fired Power Station will have at most nine months of concurrent operation with 
the Installation. The existing on-site Open Cycle Gas Turbines are restricted to 500 hours of 
operation per year and are not a substantial source of species which accumulate in the 
environment. Therefore, these two sources have not been considered. 
 
A comparison between impacts at receptors under Scenarios A and C in the Air Quality 
Assessment report (Appendix D1 of the Permit Application), which considers emissions from the 
Installation taking into account the effects of buildings associated with the Installation and those 
associated with the existing Power Station, showed negligible differences in impacts at the local 
receptors. The outcome of the assessment may therefore also be considered as robust for the 
unlikely scenario where the buildings associated with the existing Power Station are not 
demolished. 
 
This assessment considers emissions from the Installation during normal operational conditions. 
Non-routine emissions, such as those which may occur during the commissioning process, or 
other short-term events, typically only occur infrequently. These are detected by the process 
control system, rectified within a short time period and tightly regulated by the Environment 
Agency (EA). For this reason, no detailed consideration of impacts associated with non-routine 
or emergency events is included within this assessment. The potential impacts of dioxins and 
dioxin-like polychlorinated biphenyls (PCBs) under abnormal operating conditions are explicitly 
considered within the abnormal operations assessment (Appendix D5 of the Permit Application). 
 
The assessment has been undertaken using the “Industrial Risk Assessment Program – Human 
Health” (IRAP-h View – Version 5.1.0) produced by Lakes Environmental. This model is well 
established for use in HHRAs in the UK, in particular for energy recovery plants. 
 
All emission concentrations in this report are referenced to 11% oxygen, dry, 273.15 K and a 
pressure of 101.3 kPa unless otherwise specified. 
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2 CHEMICALS OF POTENTIAL CONCERN (COPC) 
 
This report considers the release of substances from the Installation to atmosphere which have 
the potential to harm human health. The Installation will be designed to meet the emission limits 
values (ELVs) for new plant set in the Industrial Emissions Directive (IED, Directive 2010/75/EU) 
and the Best Available Technique Associated Emission Levels (BAT AELs) set in the recently 
published Waste Incineration BAT Reference document (WI BREF) conclusions. 
 
These emissions include: 
 
• nitrogen dioxide, sulphur dioxide, particulate matter, carbon monoxide and ammonia; 
• acid gases – hydrogen chloride and hydrogen fluoride; 
• total organic carbon (TOC); 
• metals – mercury, cadmium, thallium, antimony, arsenic, lead, cobalt, copper, 

manganese, nickel and vanadium; 
• dioxin and furans; 
• dioxin like polychlorinated biphenyls (PCBs); and 
• polycyclic aromatic hydrocarbons (PAHs). 
 
For most substances released from the Installation, the most significant effects on human health 
will arise by inhalation. An Air Quality Assessment (Appendix D1 of the Permit Application) has 
been undertaken to determine the impact of atmospheric concentrations of the pollutants listed 
above based on the levels transposed under UK Law in the UK Air Quality Strategy and those 
set by the Environment Agency. These levels have been set at a level which is considered to 
protect human health. 
 
Some pollutants, including polychlorinated dibenzodioxins (PCDDs), polychlorinated 
dibenzofurans (PCDFs), dioxin-like polychlorinated biphenyls (PCBs) and heavy metals, 
accumulate in the environment, which means that inhalation is only one of the potential 
exposure routes. Therefore, their impacts cannot be evaluated in terms of their effects on 
human health simply by reference to ambient air quality standards. An assessment needs to be 
made of the overall human exposure to the substances of the local population and the risk that 
this exposure causes. 
 
The following species have been considered chemicals of potential concern (COPC) for the 
purpose of this assessment: 
 
• Benzene (representing TOC); 
• Benzo[a]pyrene (representing PAH emissions); 
• Mercury (Hg); 
• Mercuric chloride (HgCl2); 
• Cadmium (Cd); 
• Arsenic (As); 
• Chromium (Cr), trivalent and hexavalent; 
• Nickel (Ni); and 
• Dioxins (PCDD/Fs) (individual congeners) and dioxin like PCBs. 
 
The above are all regulated under the IED and/or WI BREF, with the exception of PAHs. 
However, as monitoring is required by legislation in the UK, benzo[a]pyrene has been included 
in the assessment to represent PAH emissions. 
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3 ASSESSMENT CRITERIA 
 
A detailed Human Health Risk Assessment has been carried out using the model “Industrial 
Risk Assessment Program – Human Health” (IRAP-h View – Version 5.1.0). IRAP calculates the 
total exposure through each of the different pathways so that a dose from inhalation and 
ingestion can be calculated for each receptor. By default, these doses are then used to 
calculate a cancer risk using the United States Environmental Protection Agency (USEPA) 
approach. However, the Environment Agency (England) recommends that the results be 
assessed using the UK’s approach, as set out in the Environment Agency document “Human 
Health Toxicological Assessment of Contaminants in Soil” (Environment Agency, 2009). This 
approach involves two types of assessment as follows: 
 
• For substances with a threshold level for toxicity, a Tolerable Daily Intake (TDI) is defined. 

This is defined as “an estimate of the amount of a contaminant, expressed on a 
bodyweight basis, which can be ingested daily over a lifetime without appreciable health 
risk.” A Mean Daily Intake (MDI) is also defined, which is the typical intake from 
background sources (including dietary intake) across the UK. In order to assess the 
impact of the Installation, the predicted intake of a substance due to emissions from the 
Installation is added to the MDI and compared with the TDI. 

 
• For substances without a threshold level for toxicity, an Index Dose (ID) is defined. This is 

a level of exposure which is associated with a negligible risk to human health. The 
predicted intake of a substance due to emissions from the Installation is compared directly 
with the ID without taking account of background levels. 

 
Substances can reach the body either through inhalation or through ingestion (oral exposure) 
and the body handles chemicals differently depending on the route of exposure. For this reason, 
different TDI and IDs are defined for inhalation and oral exposure. 
 
Table 1 sets out the TDIs and IDs, as applicable, for the COPCs relevant to emissions from the 
Installation. These have been derived from the Environment Agency report series 
‘Contaminants in soil: updated collation of toxicological data and intake values for humans’ 
knows as the TOX reports1, each of which covers an individual COPC. Both TDI and IDs are 
expressed in units of micrograms per kilogram of bodyweight per day (µg/kgbw/day). The 
Environment Agency withdrew the TOX reports for nickel and mercury in 2015 and 2018, 
respectively, following updated information from the European Food Safety Authority (EFSA) 
which suggested lower ingestion TDIs. The recommended ingestion values in the EFSA 
reference material have been applied in this assessment. 
 
Table 2 presents the mean daily intake (MDI) for each of the COPCs for an adult and a child, 
where available, again derived from the TOX reports. Where it was necessary to extrapolate 
from a total daily intake, body masses of 70 kg and 20 kg were assumed for an adult and child, 
respectively, with an additional correction factor of 0.74 applied for children, in line with the 
Environment Agency’s 2009 assessment guidance. 
 
Table 3 compares the available MDIs to those COPCs with TDIs. Note that this comparison is 
not relevant in relation to IDs as discussed. 
  

 
1 Available from the Contaminated Land: Applications in Real Environments (CL:AIRE) website: 
https://www.claire.co.uk/useful-government-legislation-and-guidance-by-country/177-tox-reports-for-sgv-derivation 
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Table 1:  Index Dose (ID) and Tolerable Daily Intake (TDI) for COPCs 
 

Substance ID Ingestion 
µg/kgbw/day 

ID Inhalation 
µg/kgbw/day 

TDI Ingestion 
µg/kgbw/day 

TDI 
Inhalation 
µg/kgbw/day 

Reference 

Arsenic 0.3 0.002 - - SC050021/TOX 1 

Benzene 0.29 1.4 - - SC050021 
(Benzene) 

Benzo[a]pyrene 0.02 0.00007 - - R&D PUBLIC’N 
TOX 2 

Cadmium - - 0.36 0.0014 SC050021/TOX 3 

Chromium - 0.001 3.0 - R&D PUBLIC’N 
TOX 4 

Chromium VI - - 3.0  

Mercuric chloride  - - 0.57* 0.06 SC050021 
(Mercury) 
[Withdrawn] 
EFSA, 2012* 

Methyl mercury - - 0.19* 0.23 

Mercury 
(elemental) 

- - - 0.06 

Nickel - - 2.8** 0.006 SC050021/TOX 8 
[Withdrawn] 
EFSA, 2015** 

Dioxin and dioxin 
like PCBs  

- - 2 pg WHO-TEQ/kgbw/day SC050021/TOX 
12 

 
 
Table 2:  Mean Daily intake MDI for COPCs 
 

Substance MDI based on 70 kg adult 
(µg/kgbw/day) 

MDI based on 20 kg child 
(µg/kgbw/day) 

Reference 

Intake 
Ingestion 

Intake 
Inhalation 

Intake 
Ingestion 

Intake 
Inhalation 

Arsenic 0.07 0.0002 0.19 0.0005 SC050021/TOX 1 

Benzene 0.04 2.9 0.11 7.4 SC050021 
(Benzene) 

Benzo[a]pyre - - - - R&D PUBLIC’N 
TOX 2 

Cadmium 0.19 0.0003 0.5 0.0007 SC050021/TOX 3 

Chromium 1.9 0.0009 4.8 0.002 R&D PUBLIC’N 
TOX 4 

Chromium VI 0.19 - 0.48 - 

Mercuric chloride 0.014 - 0.037 - SC050021 
(Mercury) 
[Withdrawn] 
EFSA, 2012* 

Methyl mercury 0.007 - 0.019 - 

Mercury 
(elemental) 

- 0.0007 - 0.002 

Nickel 1.9 0.0037 4.96 0.0096 SC050021/TOX 8 
[Withdrawn] 
LQM, 2015 

Dioxin and dioxin 
like PCBs  

0.7 pg WHO-TEQ/kg bw/day 1.8 pg WHO-TEQ/kg bw/day SC050021/TOX 
12 
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Table 3:  Mean Daily intake expressed as a % of the TDI for relevant COPCs 
 

Substance MDI based on 70 kg adult as % of TDI MDI based on 20 kg child as % of TDI 

Intake Ingestion Intake Inhalation Intake Ingestion Intake Inhalation 

Cd 52.8% 21.4% 138.9% 50.0% 

Cr 63.3% - 160.0% - 

Cr VI 6.3% - 16.0% - 

HgCl2 2% - 6.5% - 

Methyl Hg 3.7% - 10.0% - 

Hg (elemental) - 1.2% - 3.3% 

Ni 67.9% 62% 177% 160% 

Dioxin and dioxin 
like PCBs  

35% 90% 

 
It can be seen that the MDIs for cadmium, chromium and nickel from existing sources exceeds 
the TDI for children. The implications for these pollutants are discussed below. 
 
3.1 Chromium 
 
The MDI for chromium is set for chromium III and taken from the Environment Agency report 
“Contaminants in Soil: Collation of Toxicological Data and Intake Values for Humans. 
Chromium”1. This states that ‘there do not appear to be any published reports on the adverse 
effects in humans resulting from ingested chromium III’. It is also noted that the Committee on 
Toxicity of Chemicals in Food, Consumer Products and the Environment (COT) reviewed 
chromium as part of the UK Food Surveillance Programme in 1998 and concluded that the 
“current levels of exposure to chromium in the diet, which is mainly in the trivalent form, do not 
warrant any major concern in terms of toxicity, or deficiency.” 
 
The World Health Organisation (WHO) International Programme on Chemical Safety has 
reviewed the daily intake of chromium from foods and found that existing levels do not represent 
a toxicity problem (IPCS, 1988). The WHO conclude that “in the form of trivalent compounds, 
chromium is an essential nutrient and is relatively non-toxic for man and other mammalian 
species.” 
 
The Environment Agency TOX report explains that the TDI has been derived from the USEPA’s 
Reference Dose of 3 μg/kgbw/day for chromium VI. This is the only explicitly derived safety limit 
for oral exposures of chromium. The report recommends that the USEPA Reference Dose is 
applied to all the chromium content as a starting point. Therefore, the TDI presented in Table 1 
is actually the TDI for chromium VI, not total chromium. Assessing the total dietary intake of 
chromium against this TDI is therefore highly conservative. 
 
3.2 Cadmium 
 
The key determinant of cadmium’s toxicity potential is its chronic accumulation in the kidney. 
The Environment Agency in its TOX report “Contaminants in Soil: Collation of Toxicological 
Data and Intake Values for Humans. Cadmium” explains that chronic exposure to levels in 
excess of the TDI might be associated with an increase in kidney disease in a proportion of 
those exposed, but (small) exceedances lasting for shorter periods are of less consequence. 
Therefore, assessing a lifetime exposure is appropriate. If the exposure of a receptor is 
assessed over a lifetime (i.e. a period as a child and adult), the lifetime MDI is below the TDI. 
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3.3 Nickel 
 
The ingestion MDI and TDI for nickel have been revised following the publication by the 
European Food Safety Authority of new expert opinion relating to the reproductive and 
developmental effects in experimental animals. The MDI exceeds the TDI for children for both 
inhalation and ingestion. The updated MDI for inhalation is 0.259 μg/day for an adult which, 
assuming an inhalation rate of 20 m3/day, equates to an atmospheric concentration of around 
13.0 ng/m3. A review of the monitoring data of nickel across the UK between 2015 and 2019 
(excluding the three sites at Sheffield Tinsley, Pontardawe Tawe Terrace and Swansea 
Coedgwilym, which are close to significant sources of nickel) has shown that annual mean 
concentrations were well below this concentration, averaging 1.6 ng/m3 with a maximum of 
9.6 ng/m3, the latter associated with a heavily trafficked urban traffic site. Across rural and urban 
background sites, concentrations averaged 0.79 ng/m3 with a maximum of 2.6 ng/m3. 
 
Therefore, the recommended MDI for inhalation is conservative for rural locations, such as that 
where the Installation is located, which are away from significant sources of nickel. 
 
Applying the maximum background concentration from an urban background site of 2.6 ng/m3, 
the MDI would be 0.052 μg/day or 12% of the inhalation TDI for an adult and 32% of the TDI for 
a child. These have been used as the values of the MDI for inhalation for adults and children for 
the remainder of this analysis. 
 
3.4 Assessment Criteria 
 
The TDI for each pollutant has been set at a level which can be ingested daily over a lifetime 
without appreciable health risk, and the ID for each pollutant without a toxicity threshold has 
been set at a level which is associated with a negligible risk to human health. Therefore, if the 
total exposure is less than the TDI or ID for a pollutant, it can be concluded that the impact of 
the Installation is negligible and the effect is not significant. 
 
 
4 METHODOLOGY FOR ESTIMATING EXPOSURE TO EMISSIONS 
 
The Industrial Risk Assessment Program – Human Health model, IRAP-h View, created by 
Lakes Environmental, is based on the USEPA Human Health Risk Assessment Protocol for 
Hazardous Waste Combustion Facilities (USEPA, 2005). This Protocol is a development of the 
approach defined by Her Majesty’s Inspectorate on Pollution (HMIP) in the UK in 1996 (HMIP, 
1996), taking account of further research since that date. The exposure pathways included in 
the IRAP model are shown in Figure 1 and Table 4. 
 
Exposure to gaseous contaminants has the potential to occur by direct inhalation or vapour 
phase transfer to plants. In addition, exposure to particulate phase contaminants may occur via 
indirect pathways following the deposition of particles to soil. These pathways include: 
 
• ingestion of soil and dust; 
• uptake of contaminants from soil into the food chain (through home-grown produce and 

crops); and 
• direct deposition of particles onto above ground crops. 
 
The other relevant pathways through which inhalation and ingestion occur and the receptors 
that have been considered to be impacted via each pathway are shown in Table 4. 
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Table 4:  Exposure Pathways Considered in the Assessment 
 

Pathway Residential Receptor Agricultural Receptor 

Direct inhalation Yes Yes 

Ingestion of soil Yes Yes 

Ingestion of home-grown produce Yes Yes 

Ingestion of home-grown produce - Yes 

Ingestion of home-grown chickens - Yes 

Ingestion of home-grown poultry - Yes 

Ingestion of home-grown beef - Yes 

Ingestion of home-grown pork - Yes 

Ingestion of home-grown milk - Yes 

Ingestion of breast milk by infants Infants only 

 
It is noted that some households may keep chickens and consume eggs and potentially the 
birds. The impact on these households is considered to be between the impact at an agricultural 
receptor and a standard resident receptor. The approach used in this report considers an 
agricultural receptor and a residential receptor at the point of maximum impact as a complete 
worst case. 
 
As shown in Figure 1, the pathway from the ingestion of mother’s milk in infants is considered 
within the assessment. This considers all dioxins. The IRAP model calculates the amount of 
these COPCs entering the mother’s milk and being passed on to the infants. The impacts are 
then compared against the TDI. 
 
4.1 Pathways Excluded from Assessment 
 
The intake of COPCs via dermal absorption, groundwater and surface water exposure 
pathways is very limited and as such these pathways are excluded from this HHRA. The 
justification for excluding these pathways is highlighted in the following sections. 
 
4.1.1 Dermal Absorption 
 
Both the HMIP and the USEPA note that the contribution from dermal exposure to soils 
impacted by thermal treatment facilities is typically a very minor pathway and is typically very 
small relative to contributions resulting from exposures via the food chain. This reflects the 
infrequent and sporadic nature of such exposure and low dermal absorption factors. 
 
The USEPA, 2005 protocol provides an example from the risk assessment conducted for the 
Waste Technologies, Inc. hazardous thermal treatment in East Liverpool, Ohio. This indicated 
that for an adult subsistence farmer in a subarea with high exposures, the risk resulting from soil 
ingestion and dermal contact was 50-fold less than the risk from any other pathway and 300-
fold less than the total estimated risk. 
 
The HMIP,1996 document provides a screening calculation using conservative assumptions, 
which states that the intake via dermal absorption is 30 times lower than the intake via 
inhalation, which is itself a minor contributor to the total risk.  
 
As such the pathway from dermal absorption is deemed to be an insignificant risk and has been 
excluded from this assessment. 
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Figure 1:  Exposure pathways for receptors 

 
Pathways in green are only relevant where surface water consumption and local fisheries for food 
consumption are present in the study area. 
 
4.1.2 Groundwater 
 
Exposure via groundwater can only occur if the groundwater is contaminated and consumed 
untreated by an individual. The USEPA’s 2005 protocol concludes that the build-up of dioxins in 
an aquifer over realistic travel times relevant to human exposure was predicted to be so small 
as to be essentially zero. As such the pathway from groundwater is deemed to be an 
insignificant risk and has been excluded from this assessment. 
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4.1.3 Surface Water 
 
A possible exposure pathway is via deposition of emissions directly onto surface water via local 
drinking water supplies or rainwater storage tanks. 
 
Surface water generally goes through several treatment steps and as such any contaminants 
would be removed from the water before consumption. It is noted that run-off to rainwater tanks 
may not go through the same treatment. However, rain water tanks have a very small surface 
area and as such the potential for deposition and build-up of COPCs is limited. Therefore, the 
pathway from contaminated surface water is deemed to be an insignificant risk and has been 
excluded from this assessment. 
 
4.1.4 Fish Consumption 
 
The consumption of locally caught fish has been excluded from the assessment. Whilst it is 
noted that fish makes up a proportion of the UK diet, it is not likely that this would be sourced 
wide-scale from close proximity to the Installation. 
 
Whilst there are a number of waterbodies and rivers local to the Installation, a review of local 
fishing sites2 within 8 km showed that all were associated with coarse fishing as opposed to 
game fishing. Similarly, a review of local surface water abstraction licenses confirmed that these 
were not associated with the provision of fish for human consumption. 
 
Based on the above, there is a negligible little risk associated with exposure via this pathway 
and it has therefore been excluded from this HHRA. 
 
 
5 SENSITIVE RECEPTORS 
 
This assessment considers the possible effects on human health at key receptors, where 
humans are likely to be exposed to the greatest impact from the Installation, and at the point of 
maximum impact of annual mean emissions. 
 
For the purposes of this assessment, receptor locations have been categorised as ‘residential’ 
or ‘agricultural’. Residential receptors represent a known place of residence that is occupied 
within the study area. Agricultural receptors represent a farm holding or area land of horticultural 
interest. 
 
The emissions from the Installation are expected to be significant only in the locality of the 
facility. The specific receptors identified in the Air Quality Assessment Report have been 
considered in this assessment. In addition, a receptor has been assessed at the point of 
maximum impact, as a worst-case scenario. The sensitive receptors are listed in Table 5 and 
shown in Figure 2. 
 
  

 
2 https://fishinginfo.co.uk/index.html#index 
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Table 5:  Modelled Human Receptors 
 

Reference Description OS Grid 
Reference 

Receptor Type 

R1 Church Lane, Thrumpton 451059, 331118 Residential 

R2 Wood Farm, Thrumpton 451487, 330914 Agricultural 

R3 Hillside Cottage 451869, 330662 Residential 

R4 Stonepit Farm 452143, 329669 Agricultural 

R5 Winking Hill Farm 450969, 329726 Agricultural 

R6 Gotham Primary School 453241, 330149 Residential * 

R7 Main Street, Ratcliffe-on-Soar Village 449619, 329082 Residential 

R8 Lock Lane, Sawley 449231, 330563 Residential 

R9 Redhill Marina and Redhill Farm, Sawley 449353, 330111 Agricultural 

R10 Kingston Hall, Gotham Road 450696, 327912 Residential 

R11 Middlegate Farm 449420, 329814 Agricultural 

R12 Little Lunnon, Barton-in-Fabis 452175, 332499 Residential 

R13 Kegworth Road, Kingston -on-Soar 449943, 327760 Residential 

R14 Cranfleet Farm 449485, 331365 Agricultural 

R15 Trent Lock 448961, 331206 Residential 

R16 Ludford Close, Long Eaton 449413, 331970 Residential 

R17 Maximum Impact location 452000, 330300 Agricultural and 
Residential 

*Included as indicative of the residential housing receptors local to the school. 
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Figure 2:  Installation and Human Receptor Locations 
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6 IRAP MODEL ASSUMPTIONS AND INPUTS 
 
This section details assumptions used within the IRAP model and in the processing of the IRAP 
outputs and provides justifications where appropriate, in particular in relation to user defined 
inputs. 
 
6.1 Concentrations in Soil 
 
The concentration of each chemical in the soil is calculated from the deposition results of the air 
quality modelling for vapour phase and particle phase deposition. The critical variables in 
calculating the accumulation of pollutants in the soil are as follows: 
 
• the lifetime of the Installation is taken as 30 years; and 
• the soil mixing depth is taken as 2 cm in general and 20 cm for produce. 
 
The split between the solid and vapour phase for the substances considered depends on the 
specific physical properties of each chemical. In order to assess the amount of substance which 
is lost from the soil each year through volatilisation, leaching and surface run-off, a soil loss 
constant is calculated. The rates for leaching and surface run-off are taken as constant, while 
the rate for volatilisation is calculated from the physical properties of each substance as 
contained in the IRAP COPC database. 
 
6.2 Concentrations in Plants 
 
The concentrations in plants are determined by considering direct deposition and air-to-plant 
transfer for above ground produce, and root uptake for above ground and below ground 
produce. The calculation takes account of the different types of plant. For example, uptake of 
substances through the roots will differ for below ground and above ground vegetables, and 
deposition onto plants will be more significant for above ground vegetables. 
 
6.3 Concentrations in Animals 
 
The concentrations in animals are calculated from the concentrations in plants, assumed 
consumption rates and bio-concentration factors. These vary for different animals and different 
substances, since the transfer of chemicals between the plants consumed and animal tissue 
varies. It is also assumed that 100 % of the plant materials eaten by animals is grown on soil 
contaminated by emission sources. This is likely to be a highly pessimistic assumption for UK 
farming practice. 
 
6.4 Concentrations in Humans 
 
6.4.1 Intake via Inhalation 
 
Intake via inhalation is calculated from inhalation rates of typical adults and children and 
atmospheric concentrations. The inhalation rates used for adults and children are taken from 
the Environment Agency’s 2009 guidance and are: 
 
• adult – 20 m3/day; and 
• child – 7.2 m3/day. 
 
The calculation also takes account of time spent outside, since most people spend most of their 
time indoors. 
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The inhalation rate is multiplied by the air concentration (in µg/m3) of each COPC at each 
receptor point used to calculate the daily inhalation dose. This is then divided by 70 kg for adult 
receptors or 20 kg for child receptors to calculate the daily exposure in µg/kgbw/day. 
 
6.4.2 Intake via Soil Ingestion 
 
This calculation allows for the ingestion of soil and takes account of different exposure 
frequencies. It allows for ingestion of soil attached to unwashed vegetables, unintended 
ingestion when farming or gardening and, for children, ingestion of soil when playing. 
 
6.4.3 Ingestion of Food 
 
The calculation of exposure due to ingestion of food draws on the calculations of concentrations 
in animals and plants and takes account of different ingestion rates for the various food groups 
by different age groups. For most people, locally produced food is only a fraction of their diet 
and so exposure factors are applied to allow for this. 
 
6.4.4 Breast Milk Ingestion 
 
For infants, the primary route of exposure is through breast milk. The calculation draws on the 
exposure calculation for adults and then allows for the transfer of chemicals in breast milk to an 
infant who is exclusively breast-fed. The only intake pathway considered for a breast feeding 
infant is through breast milk, with dioxins being the COPC of concern due to their high solubility 
in fat and consequent ability to accumulate in breast milk. The modelled scenario consists of the 
accumulation of pollutants in the food chain up to an adult receptor, the accumulation of 
pollutants in breast milk and finally the consumption of breast milk by an infant. 
 
The default IRAP parameters were used and are as follows: 

 
• Exposure duration of infant to breast milk – 1 year; 
• Proportion of ingested dioxin that is stored in fat – 0.9; 
• Proportion of mother’s weight that is stored in fat – 0.3; 
• Fraction of fat in breast milk – 0.04; 
• Fraction of ingested contaminant that is absorbed – 0.9; 
• Half-life of dioxins in adults – 2,555 days; 
• Ingestion rate of breast milk – 0.688 kg/day. 
 
6.5 Estimation of COPC Concentration in Media 
 
The IRAP-h model uses a database of physical and chemical parameters to calculate the 
COPC concentrations through each of the different pathways identified. The base physical and 
chemical parameters have been used in this assessment. 
 
In order to calculate the COPC concentrations, a number of site-specific data are required. 
Meteorological data were obtained for the period 2015 to 2019 from the Sutton Bonnington 
weather station, as used within the Air Quality Assessment Report (Appendix D1 of the Permit 
Application). These data provide the annual average precipitation which can be used to 
calculate the other rainfall-related, site-specific IRAP-h input parameters, as presented in  
Table 6. The data were also used to calculate the average wind speed. 
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Table 6:  IRAP input parameters based on local meteorology 
 

Input Variable Assumption Value 

Annual average wind speed From met data 3.36 m/s 

Annual average precipitation From met data 64.79 cm 

Annual average evapotranspiration 70% of annual average precipitation 45.35 cm/y 

Annual average irrigation 0% of annual average precipitation 0 cm/y 

Annual average runoff 10% of annual average precipitation 6.48 cm/y 

 
6.6 Dispersion Modelling Approach 
 
IRAP requires dispersion modelling inputs providing air concentrations, wet deposition and dry 
deposition for species in the vapour phase, particle phase and bound particle phase together 
with a specific input for mercury vapour. The modelling is required for each of these four 
components based on a 1 g/s release rate, with the actual emission release rates subsequently 
being put directly into IRAP. 
 
The emissions modelling was carried out using the ADMS dispersion model, based on the same 
stack parameters as detailed in the Air Quality Assessment (Appendix D1 of the Permit 
Application) which are reproduced in Table 7 for ease of reference. Table 8 shows the 
assumptions that have been made with regard to the deposition of the different phases. These 
are consistent with assumptions used in other HHRAs for energy recovery plants which have 
been agreed with the Environment Agency. ADMS was run with dry deposition switched on but 
with plume depletion switched off to provide a worst-case calculation of dry deposition, using 
the dry deposition velocities in Table 8. The ADMS output was then post-processed to add the 
estimated wet deposition based on the wet to dry deposition ratios included in Table 8. The dry 
and wet deposition were then converted into annual totals and the files converted to a suitable 
format for input into the IRAP model. 
 
Table 7:  Stack parameters used for IRAP dispersion modelling 
 

Parameter Value 

Stack location 450435, 330403 

Stack height (m) 110 

Internal effective diameter (m) 2.75 

Temperature (°C) 140 

Reference oxygen content (% volume) 11 % 

Water content (% volume) 17.4 % 

Oxygen content (% volume, dry) 6.41 % 

Volume flow rate (Nm3/s) 94.8 

Volume flow rate (Am3/s) 118.7 

Flue gas exit velocity (m/s) 20 
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Table 8:  Deposition Assumptions 
 

Deposition Phase Dry Deposition Velocity (m/s) Ratio of Wet deposition to Dry deposition 

Vapour 0.005 2:1 

Particle 0.010 2:1 

Bound Particle 0.010 2:1 

Mercury Vapour 0.029 No wet deposition 

 
6.7 Modelled Emissions 
 
As noted, the IRAP model requires the emission rate of each COPC to be input to the model. 
Table 9 details the assumed emission concentrations and associated emission rates for the 
non-dioxin species and Table 10 provides the emissions data for dioxins and dioxin-like PCBs. 
The origin of these numbers is provided in the text immediately after Table 10. 
 
Table 9:  COPC emissions use in the assessment 
 

COPC Emission concentration 
(mg/Nm3) 

Emission rate 
(g/s) 

Benzene (surrogate for TVOC) 10 9.48E-01 

Benzo[a]pyrene (BaP) 0.0001 9.48E-06 

Mercury (Hg elemental) 0.00004 3.79E-06 

Mercuric chloride (HgCl2) 0.0096 9.10E-04 

Cadmium (Cd) 0.01 9.48E-04 

Arsenic (As) 0.025 2.37E-03 

Chromium (Cr) 0.092 8.72E-03 

Chromium (Cr), hexavalent 0.00013 1.23E-05 

Nickel (Ni) 0.22 2.09E-02 

 
Table 10:  Dioxin and dioxin-like PCB emissions used in the assessment 
 

COPC ng I-TEQ/Nm3 I_TEF 
equivalence 

factor 

Annual mean 
concentration 

(ng/Nm3) 

Emission Rate 
g/s 

TetraCDD,2,3,7,8 0.0019 1 0.0019 1.80E-10 

PentaCDD,1,2,3,7,8 0.0074 0.5 0.0148 1.40E-09 

HexaCDD,1,2,3,4,7,8 0.0017 0.1 0.017 1.61E-09 

HexaCDD,1,2,3,7,8,9 0.0013 0.1 0.013 1.23E-09 

HexaCDD,1,2,3,6,7,8 0.0016 0.1 0.016 1.52E-09 

HeptaCDD,1,2,3,4,6,7,8 0.0010 0.01 0.10 9.48E-09 

OctaCDD,1,2,3,4,6,7,8,9  0.00024 0.001 0.24 2.28E-08 

TetraCDF,2,3,7,8 0.0017 0.1 0.017 1.61E-09 

PentaCDF,2,3,4,7,8 0.016 0.5 0.032 3.03E-09 

PentaCDF,1,2,3,7,8 0.00084 0.05 0.0168 1.59E-09 

HexaCDF,1,2,3,4,7,8 0.013 0.1 0.13 1.23E-08 

HexaCDF,1,2,3,7,8,9 0.00024 0.1 0.0024 2.28E-10 

HexaCDF,1,2,3,6,7,8 0.0049 0.1 0.049 4.65E-09 

HexaCDF,2,3,4,6,7,8 0.0052 0.1 0.052 4.93E-09 
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COPC ng I-TEQ/Nm3 I_TEF 
equivalence 

factor 

Annual mean 
concentration 

(ng/Nm3) 

Emission Rate 
g/s 

HeptaCDF,1,2,3,4,6,7,8 0.0026 0.01 0.26 2.46E-08 

HeptaCDF,1,2,3,4,7,8,9 0.00024 0.01 0.024 2.28E-09 

OctaCDF,1,2,3,4,6,7,8,9 0.00024 0.001 0.24 2.28E-08 

Total 0.06    

Dioxin-like PCBs - - - 2.99E-10 

 
The emission rates are based on the following assumptions: 
 
1. Benzene 

 
a. It has been assumed that the entire total volatile organic carbon (TVOC) emissions 

consist only of benzene; and 
b. TVOC emission concentrations are based on emission at the higher end of the daily 

BAT-AEL. 
 
2. Benzo[a]pyrene 

 
a. No emission limits for BaP are set in the IED or WI BREF; and 
b. Figure 8.121 in the WI BREF sets out emission levels recorded for periodically 

monitored BaP emissions to air from plant incinerating predominantly municipal solid 
waste (MSW), demonstrating that emissions from most reference plant, including all 
recently commissioned plant, are well below 0.1 µg/m3. This concentration has 
therefore been used as an upper estimate of BaP emissions. 

 
3. Mercury 

 
a. Mercury emission concentrations are based on emissions at the higher end of the 

daily BAT-AEL; and 
b. For the partitioning of mercury, the IRAP defaults have been used. It has been 

assumed that of the total mercury emitted, 51.8% is lost to the global cycle, 48.0% is 
deposited as divalent mercury (considered to be HgCl2) and 0.2% is emitted as 
elementary mercury. This approach has been used for many HHRAs in the UK. 

 
4. Cadmium 

 
a. The WI BREF sets a combined higher end BAT AEL of 0.02 mg/Nm3 for cadmium 

and thallium; and 
b. The assessment assumes cadmium emission at 50% of the BAT AEL based on the 

assumption that each metal contributes half of the BAT AEL. 
 
5. Group III Metals – Arsenic, Chromium and Nickel 
 

a. The emissions of these three metals are based on the maximum emission levels 
recorded during monitoring at 18 municipal waste incinerators (MWI) and wood-
waste incinerators between 2007 and 2015 operating in the UK under the provisions 
of the IED. These are detailed in Table A1 of the Environment Agency guidance on 
assessing group 3 metals stack emissions from incinerators (Environment Agency, 
2016). Table 11 presents the concentrations demonstrating that that the maximum 
value represents a worst-case assumption. Table 11 also presents the 
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concentrations expressed as a percentage of the higher end of the Group 3 BAT 
AEL. 

 
Table 11: Monitored Group 3 metals data from MWI and Waste Wood Co-incinerators 

(Environment Agency, 2016) 
 

 Measured Concentrations (mg/Nm3) Expressed as a percentage of WI 
BREF BAT AEL higher end of 

0.3 mg/Nm3 

Arsenic 0.025 0.0010 0.0002 8.33% 0.33% 0.067% 

Total Chromium 0.092 0.0084 0.0002 30.67% 2.80% 0.067% 

Chromium VI 1.3E-04 3.50E-05 2.30E-06 0.043% 0.012% 0.00077% 

Nickel 0.220 0.015 0.0025 73.33% 5.00% 0.83% 

The two highest nickel concentrations are outliers at 73% and 45% of the higher end of the BAT AEL. 
The third highest concentration was 0.053 mg/Nm3 or 18% of the BAT AEL 

 
6. Dioxins and Furans 

 
a. These are a group of similar halogenated organic compounds, which are generally 

found as a complex mixture. The toxicity of each compound is different and is 
generally expressed as a Toxic Equivalent Factor (TEF), which relates the toxicity of 
each individual compound to the toxicity of 2,3,7,8-TCDD, the most toxic dioxin. 
Dioxins and furans are assumed to be emitted at the higher of the BAT AEL of 
0.06 ng I-TEQ/Nm3 where I-TEQ denotes ‘international toxic equivalence’. A full list 
of the international toxic equivalency factors (I-TEFs) for dioxins is included in  
Table 10; and 

b. The split of the different dioxins and furans is based on a standard profile for 
municipal waste incinerators derived by Her Majesty’s Inspectorate of Pollution 
(HMIP), one of the predecessors of the Environment Agency (HMIP,1996), scaled to 
deliver the BAT AEL. 

 
7. Dioxin-like PCBs 
 

a. The WI BREF does not set a separate BAT AEL for dioxin like PCBs; 
b. The Defra report on emissions from waste management facilities (Defra, 2011) 

reports minimum, median and maximum PCB emissions from five energy from 
waste plants as 1.5 × 10-9 , 1.0 × 10-8 and 1.8 × 10-8 g/tonne of waste respectively; 

c. Emissions in this study have therefore been based on the maximum emission level 
in the Defra report combined with the higher case (low calorific value) annual 
tonnage of 524,550 tonnes per year for the Installation and then converted to a g/s 
emission rate; 

d. The IRAP software, and the HHRAP database which underpins it, does not include 
any data on individual PCBs, but it does include data for take-up and accumulation 
rates within the food chain for two groups of PCBs, known as Aroclor 1254 and 
Aroclor 1016. Each Aroclor is based on a fixed composition of PCBs. In the absence 
of any data on the specification of PCBs within incinerator emissions, it has been 
assumed that the PCBs are released in each of the two Aroclor compositions and 
the highest impact of the two used in the assessment. 
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7 RESULTS 
 
7.1 Processing of IRAP Results 
 
The impacts resulting from inhalation exposure are calculated using the annual air 
concentrations at the receptor points as output from the IRAP model using the approach set out 
in Section 6.4.1. 
 
The impacts resulting from ingestion exposure utilise the intake pathway results output by the 
IRAP model, which are expressed in mg/kgbw/day. These outputs are then converted to units of 
µg/kgbw/day for comparison with the relevant TDIs and IDs. 
 
The TDI for dioxins and dioxin like PCBs is expressed as WHO-TEQ based on the World Health 
Organisation (WHO) toxic equivalence approach. The results for ingestion and inhalation for 
each individual dioxin must therefore be multiplied by the WHO toxic equivalency factors (WHO-
TEF) and summed before comparison to the TDI. The WHO-TEF values for dioxins are set out 
in Table 12. 
 
In order to include the impact of dioxin-like PCBs it has been assumed, as a worst-case 
assumption, that the emissions have a WHO-TEF of 1. This reflects uncertainty as to whether 
the emissions reported in Defra, 2011 were expressed with a TEF factor applied. If the latter 
applies, then the results would already be expressed as a toxic equivalent and a factor of 1 is 
appropriate. If it does not, then the use of a TEF of 1 is highly precautionary as WHO-TEF 
factors for PCBs are at least an order of magnitude lower than 1.3 
 
Table 12:  WHO-TEF values applied to dioxins 
 

COPC WHO-TEF 

TetraCDD,2,3,7,8 1 

PentaCDD,1,2,3,7,8 1 

HexaCDD,1,2,3,4,7,8 0.1 

HexaCDD,1,2,3,7,8,9 0.1 

HexaCDD,1,2,3,6,7,8 0.1 

HeptaCDD,1,2,3,4,6,7,8 0.01 

OctaCDD,1,2,3,4,6,7,8,9  0.0003 

TetraCDF,2,3,7,8 0.1 

PentaCDF,2,3,4,7,8 0.3 

PentaCDF,1,2,3,7,8 0.03 

HexaCDF,1,2,3,4,7,8 0.1 

HexaCDF,1,2,3,7,8,9 0.1 

HexaCDF,1,2,3,6,7,8 0.1 

HexaCDF,2,3,4,6,7,8 0.1 

HeptaCDF,1,2,3,4,6,7,8 0.01 

HeptaCDF,1,2,3,4,7,8,9 0.01 

OctaCDF,1,2,3,4,6,7,8,9 0.0003 

 
  

 
3 https://www.who.int/ipcs/assessment/tef_values.pdf 
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7.2 Assessment against TDI – Point of Maximum Impact 
 
Table 13 presents the impacts of emissions from the Installation at the point of maximum impact 
for an adult and a child agricultural receptor relative to the TDI for the relevant COPCs. Table 14 
presents the impacts at the same location for an adult and a child residential receptor. Each 
table presents the MDI (background intake), process contribution (the impact due to emissions 
from the Installation) and the overall impact (MDI plus process contribution), all expressed as a 
percentage of the relevant TDI for impacts through ingestion and through inhalation. 
 
The impact on agricultural receptors at the maximum impact location will represent the very 
worst-case scenario, as it is assumed that this receptor type is exposed through direct 
inhalation, and ingestion from soil and home-grown eggs and meat, beef, pork, and milk. 
 
There is no MDI available for evaluating the total impacts related to inhalation of mercuric 
chloride. It should, however, be noted that the withdrawn mercury TOX report1 states that most 
of the daily mean intake of mercury in ambient air will be in the elemental form. Given that both 
elemental mercury and mercuric chloride have been assigned the same inhalation TDI (see 
Table 1) and that the elemental mercury inhalation MDI comprises only a small percentage of 
the TDI, it is reasonable to assume that the MDI for mercuric chloride will be negligible. 
 
Table 13:  TDI impact analysis for agricultural receptors at the maximum impact point 
 

COPC MDI as % of TDI Process contribution as 
% of TDI 

Total as % of TDI 

Ingestion Inhalation Ingestion Inhalation Ingestion Inhalation 

Adult – Agricultural 

Cadmium 52.78% 21.43% 0.01% 0.43% 52.79% 21.86% 

Chromium 63.33% - 0.12% - 63.46% - 

Chromium VI 6.33% - 0.00018% - 6.33% - 

Mercuric chloride 2.46% - 0.02% 0.010% 2.47% 0.010% 

Methyl mercury 3.68% - 0.0047% - 3.69% - 

Mercury 
(elemental) - 1.17 % - 0.00004% - 1.17% 

Nickel 67.9 % 12.4 % 0.230% 2.22% 68.1% 14.6% 

Dioxins and 
Dioxin-like PCBs 35.0% 0.81% 35.8% 

Child – Agricultural 

Cadmium 138.89% 50.0% 0.03% 0.54% 138.92% 50.5% 

Chromium 160.0% - 0.20% - 160.2% - 

Chromium VI 16.0% - 0.00029% - 16.0% - 

Mercuric chloride 6.49% - 0.03% 0.012% 6.52% 0.012% 

Methyl mercury 10.00% - 0.0095% - 10.01% - 

Mercury 
(elemental) - 3.3% - 0.000051% - 3.3% 

Nickel 177.1% 32.1% 0.35% 2.80% 177.5% 34.9% 

Dioxins and 
Dioxin-like PCBs 90.0% 1.14% 91.1% 
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Table 14:  TDI impact analysis for residential receptors at the maximum impact point 
 

COPC MDI as % of TDI Process contribution as 
% of TDI 

Total as % of TDI 

Ingestion Inhalation Ingestion Inhalation Ingestion Inhalation 

Adult – Residential 

Cadmium 52.78% 21.43% 0.01% 0.43% 52.79% 21.86% 

Chromium 63.33% - 0.01% - 63.34% - 

Chromium VI 6.33% - 0.00001% - 6.33% - 

Mercuric chloride 2.46% - 0.002% 0.010% 2.46% 0.01% 

Methyl mercury 3.68% - 0.0018% - 3.69% - 

Mercury 
(elemental) - 1.17% - 0.00004% - 1.17% 

Nickel 67.9% 12.4% 0.02% 2.2% 67.9% 14.6% 

Dioxins and 
Dioxin-like PCBs 35.0% 0.02% 35.0% 

Child – Residential 

Cadmium 138.89% 50.0% 0.02% 0.54% 138.91% 50.5% 

Chromium 160.0% - 0.03% - 160.0% - 

Chromium VI 16.0% - 0.00004% - 16.0% - 

Mercuric chloride 6.49%  0.01% 0.012% 6.50% 0.012% 

Methyl mercury 10.00% - 0.0049% - 10.00% - 

Mercury 
(elemental) - 3.3% - 0.000051% - 3.3% 

Nickel 177.1% 32.1% 0.051% 2.80% 177.2% 34.9% 

Dioxins and 
Dioxin-like PCBs 90.0% 0.05% 90.1% 

 
The TDI is an estimate of the amount of a contaminant, expressed on a bodyweight basis, 
which can be ingested daily over a lifetime without appreciable health risk. As shown in  
Table 13 and Table 14, for the worst-case receptor the overall impact (including the contribution 
from existing dietary intakes) is less than the TDI for chromium VI, mercury (including 
compounds) and dioxins. Therefore, there would not be an appreciable health risk based on the 
emission of these pollutants. 
 
For adult farmer and adult residential receptors, the overall impact is less than the TDI for all 
COPCs considered. Hence, it can be concluded that there would not be an appreciable health 
risk to adult receptors based on the emission of these pollutants. 
 
For a child receptor, the cadmium, chromium and nickel MDIs (i.e. the intake sourced from 
existing dietary intake) exceeds the TDI. However, the process contribution is exceptionally 
small and the exceedance is a reflection of the fact the MDI is over 100% of the TDI in each 
case. On this basis, it is not considered that the Installation would increase the health risks from 
cadmium, chromium or nickel for children significantly. Further discussion of the impact from 
each of these pollutants is provided below. 
 
7.2.1 Cadmium 
 
As noted in Section 3.2, the key determinant of cadmium’s toxicity potential is its chronic 
accumulation in the kidney. The Environment Agency explains that chronic exposure to levels in 
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excess of the TDI might be associated with an increase in kidney disease in a proportion of 
those exposed, but (small) exceedances lasting for shorter periods are of less consequence. 
When lifetime exposure is assessed (i.e. a period being a child and an adult) the overall impact 
is well below the TDI. Therefore, there would not be an appreciable health risk based on the 
emission of cadmium over a lifetime of an individual. 
 
7.2.2 Chromium 
 
As shown in Table 11, the concentrations of total chromium in emissions from municipal waste 
incineration processes are typically 2.80% of the higher end BAT-AEL, with only a fraction of 
this being in the hexavalent form. Even using the worst-case assumption that emissions of 
chromium are the maximum monitored concentration level from an existing waste incineration 
facility (30.67% of the BAT-AEL), the process contribution is only 0.2% of the TDI for the 
agricultural child scenario at the point of maximum impact. Consequently, although the TDI is 
predicted to be exceeded, this is due to existing dietary intake. 
 
Almost all toxicological opinion is that chromium III compounds are of low oral toxicity. The 
WHO has reviewed the daily intake of chromium from foods and found that existing levels do 
not represent a toxicity problem, stating that “in the form of trivalent compounds, chromium is an 
essential nutrient and is relatively non-toxic for man and other mammalian species”. 
 
The TDI is based on the USEPA’s Reference Dose for chromium VI, which is significantly more 
toxic than chromium III. Considering that the existing levels of chromium a) already exceed the 
TDI, b) are not considered to represent a problem in practice, and c) that that the process 
contribution is small, it can be concluded there would not be an appreciable health risk 
associated with the additional emission of chromium over the lifetime of an individual. 
 
7.2.3 Nickel 
 
For nickel, the MDI for ingestion exceeds the TDI for the child receptor. However, this is a 
reflection of the fact the MDI is over 100% of the TDI. The process contribution is exceedingly 
small at 0.35% of the TDI. The assessment uses the conservative assumption that the process 
contribution is based on emissions of nickel at 73.3% of the group draft BAT-AEL. As outlined in 
Table 11, this is the maximum of the monitoring data and is an outlier. The third highest 
concentration was 18% and the mean 5% of the group draft BAT-AEL. Assuming the Installation 
operates as per the 3rd highest concentration – i.e. 18% of the group draft BAT-AEL – the 
process contribution would be 0.10% of the ingestion TDI at the point of maximum impact for 
the agricultural child receptor. On this basis, it is not considered that the Installation would 
significantly increase the health risks from nickel for children. 
 
7.2.4 Breast Milk Exposure 
 
The total accumulation of dioxins in an infant, considering the breast milk pathway and based 
on an adult agricultural receptor at the point of maximum impact feeding an infant, is 0.237 pg 
WHO-TEQ / kg-bw / day, which is 11.8% of the TDI. For a residential type receptor, the impact 
is only 0.22% of the TDI. There are no other ingestion pathways for an infant receptor. As the 
process contribution is less than the TDI, it is considered that the Installation will not increase 
the health risks from the accumulation of dioxins in infants significantly. 
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7.3 Assessment against ID – Point of Maximum Impact 
 
Table 15 presents the impacts of emissions from the Installation at the point of maximum impact 
for an adult and a child agricultural receptor relative to the ID for the relevant COPCs. Table 16 
presents the impacts at the same location for an adult and a child residential receptor. Each 
table presents the process contribution (the impact due to emissions from the Installation) 
expressed as a percentage of the relevant ID for impacts through ingestion and through 
inhalation. 
 
The ID is the level of exposure which is associated with a negligible risk to human health. As 
shown, for this worst-case receptor the process contribution is well below the ID for both 
agricultural and residential receptors. Therefore, emissions from the Installation are considered 
to have a negligible impact on human health. 
 
Table 15:  ID impact analysis for agricultural receptors at the maximum impact point 
 

COPC Process contribution as % of 
ingestion ID 

Process contribution as % of 
inhalation ID 

Adult – Agricultural 

Arsenic 0.061% 0.76% 

Benzene 0.067% 0.43% 

Benzo[a]pyrene 0.181% 0.09% 

Chromium VI - 5.56% 

Child – Agricultural 

Arsenic 0.11% 0.95% 

Benzene 0.16% 0.54% 

Benzo[a]pyrene 0.26% 0.11% 

Chromium VI - 7.00% 

 
Table 16:  ID impact analysis for residential receptors at the maximum impact point 
 

COPC Process contribution as % of 
ingestion ID 

Process contribution as % of 
inhalation ID 

Adult – Residential 

Arsenic 0.023% 0.76% 

Benzene 0.071% 0.43% 

Benzo[a]pyrene 0.002% 0.09% 

Chromium VI - 5.56% 

Child – Residential 

Arsenic 0.054% 0.95% 

Benzene 0.126% 0.54% 

Benzo[a]pyrene 0.005% 0.11% 

Chromium VI - 7.00% 
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7.4 Maximum Impact at a Receptor 
 
This section considers the impacts at the most impacted receptor. The impact depends on both 
the location and whether the receptor is agricultural or residential. The maximum ingestion 
impacts are seen at the agricultural receptor Wood Farm (R2) whereas the maximum ingestion 
impacts are seen at the residential receptor Hillside Cottage (R3). The ingestion and inhalation 
impacts are presented for both locations in Table 17 and Table 18. 
 
Table 17: TDI impact analysis for agricultural receptors at the most impacted receptor 

with respect to ingestion (R2) 
 

COPC MDI as % of TDI Process contribution as 
% of TDI 

Total as % of TDI 

Ingestion Inhalation Ingestion Inhalation Ingestion Inhalation 

Adult - Agricultural 

Cadmium 52.78% 21.43% 0.01% 0.33% 52.79% 21.76% 

Chromium 63.33% - 0.10% - 63.43% - 

Chromium VI 6.33% - 0.00014% - 6.33% - 

Mercuric chloride 2.46% - 0.01% 0.007% 2.47% 0.01% 

Methyl mercury 3.68% - 0.0036% - 3.69% - 

Mercury 
(elemental) - 1.17% - 0.00003% - 1.17% 

Nickel 67.9% 12.4% 0.18% 1.7% 68.0% 14.1% 

Dioxins and 
Dioxin-like PCBs 35.0% 0.62% 35.6% 

Child - Agricultural 

Cadmium 138.89% 50.0% 0.02% 0.42% 138.91% 50.4% 

Chromium 160.0% - 0.15% - 160.2% - 

Chromium VI 16.0% - 0.00022% - 16.0% - 

Mercuric chloride 6.49% - 0.02% 0.009% 6.51% 0.009% 

Methyl mercury 10.00% - 0.0073% - 10.01% - 

Mercury 
(elemental) - 3.3% - 0.000039% - 3.3% 

Nickel 177.1% 32.1% 0.270% 2.15% 177.4% 34.2% 

Dioxins and 
Dioxin-like PCBs 90.0% 0.88% 90.9% 
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Table 18: TDI impact analysis for residential receptors at the most impacted receptor 
with respect to ingestion (R3) 

 

COPC MDI as % of TDI Process contribution as 
% of TDI 

Total as % of TDI 

Ingestion Inhalation Ingestion Inhalation Ingestion Inhalation 

Adult – Residential 

Cadmium 52.78% 21.43% 0.01% 0.37% 52.78% 21.80% 

Chromium 63.33% - 0.01% - 63.34% - 

Chromium VI 6.33% - 0.00001% - 6.33% - 

Mercuric chloride 2.46% - 0.002% 0.008% 2.46% 0.01% 

Methyl mercury 3.68% - 0.0016% - 3.69% - 

Mercury 
(elemental) - 1.17% - 0.00003% - 1.17% 

Nickel 67.9% 12.4% 0.02% 1.9% 67.9% 14.3% 

Dioxins and 
Dioxin-like PCBs 35.0% 0.02% 35.0% 

Child – Residential 

Cadmium 138.89% 50.0% 0.02% 0.47% 138.90% 50.5% 

Chromium 160.0% - 0.02% - 160.0% - 

Chromium VI 16.0% - 0.00003% - 16.0% - 

Mercuric chloride 6.49% - 0.01% 0.011% 6.50% 0.011% 

Methyl mercury 10.00% - 0.0042% - 10.00% - 

Mercury 
(elemental) - 3.3% - 0.000044% - 3.3% 

Nickel 177.1% 32.1% 0.044% 2.42% 177.2% 34.5% 

Dioxins and 
Dioxin-like PCBs 90.0% 0.05% 90.0% 

 
As shown, for the most impacted receptors the overall impact (including the contribution from 
existing dietary intakes) is less than the TDI for chromium VI, mercury (including compounds) 
and dioxins. Therefore, there would not be an appreciable health risk based on the emission of 
these pollutants. 
 
For a child receptor the cadmium, chromium and nickel MDI (that sourced from existing dietary 
intake) exceeds the TDI for ingestion. However, the process contribution is exceptionally small 
and the exceedance is a reflection of the fact the MDI is over 100% of the TDI. On this basis, it 
is not considered that the Installation would increase the health risks from cadmium, chromium 
or nickel for children significantly at the highest impacted receptors. 
 
The total accumulation of dioxins in an infant, considering the breast milk pathway and based 
on the adult agricultural receptor at R2 feeding an infant, is 0.182 pg WHO-TEQ / kgbw /day 
which is 9.1% of the TDI. The equivalent impact based on a residential receptor at R3 is 
0.004 pg WHO-TEQ / kgbw /day which is 0.19% of the TDI. As the process contribution is well 
below the TDI, it is considered that the Installation will not increase the health risks from the 
accumulation of dioxins in infants significantly. 
 
As shown in Table 19 and Table 20, the process contributions for the maximum impacted 
receptors are well below the ID for all relevant COPCs. Therefore, emissions from the 
Installation are considered to have a negligible impact on human health. 
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Table 19: ID impact analysis for agricultural receptors at the most impacted receptor 
with respect to ingestion (R2) 

 

COPC Process contribution as % of 
ingestion ID 

Process contribution as % of 
inhalation ID 

Adult – Agricultural 

Arsenic 0.047% 0.58% 

Benzene 0.051% 0.33% 

Benzo[a]pyrene 0.139% 0.07% 

Chromium VI - 4.27% 

Child – Agricultural 

Arsenic 0.08% 0.73% 

Benzene 0.12% 0.42% 

Benzo[a]pyrene 0.20% 0.08% 

Chromium VI - 5.38% 

 
Table 20: ID impact analysis for residential receptors at the most impacted receptor with 

respect to inhalation (R3) 
 

COPC Process contribution as % of 
ingestion ID 

Process contribution as % of 
inhalation ID 

Adult – Residential 

Arsenic 0.020% 0.65% 

Benzene 0.061% 0.37% 

Benzo[a]pyrene 0.002% 0.07% 

Chromium VI - 4.82% 

Child – Residential 

Arsenic 0.047% 0.82% 

Benzene 0.109% 0.47% 

Benzo[a]pyrene 0.004% 0.09% 

Chromium VI - 6.07% 

 
7.5 Uncertainty and Sensitivity Analysis 
 
To account for uncertainty in the modelling, the impact on human health was assessed for a 
receptor at the point of maximum impact. 
 
To account for uncertainty in the dietary intake of a person, both residential and agricultural 
receptors have been assessed at the maximum impact point. The agricultural receptor is 
assumed to consume a greater proportion of home grown produce, which has the potential to 
be contaminated by the COPCs released, than for a residential receptor. In addition, the 
agricultural receptor includes the pathway from consuming animals grazed on land 
contaminated by the emission source. This conservatively assumes that 100% of the plant 
materials eaten by the animals is grown on soil contaminated by emission sources. 
 
The agricultural receptor at the point of maximum impact is considered the upper maximum of 
the impact of the Installation. 
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7.6 Non-standard Operating Conditions 
 
The assessment has considered the impacts of emissions under normal operating conditions. 
This section gives further consideration to other than normal operating conditions, namely start-
up and shutdown and operation in the event of emission limits being exceeded (such as the 
failure of abatement systems). 
 
Article 46(6) of the IED states that: 
 
“… the waste incineration plant … shall under no circumstances continue to incinerate waste for 
a period of more than 4 hours uninterrupted where emission limit values are exceeded. 
 
The cumulative duration or operation in such conditions over 1 year shall not exceed 60 hours.” 
 
Article 47 states that: 
 
“In the case of a breakdown, the operator shall reduce or close down operations as soon as 
practicable until normal operations can be restored.” 
 
In addition Annex VI, Part 3, 2 of the IED states the emission limit values applicable in the 
circumstances described in Article 46(6) and Article 47: 
 
“The total dust concentration in the emissions into the air of a waste incineration plant shall 
under no circumstances exceed 150 mg/Nm3 expressed as a half-hourly average. The air 
emission limit values for TOC and CO set out in points 1.2 and 1.5(b) shall not be exceeded.” 
 
The above conditions in the IED ensure that the maximum period of operation during which the 
applicable IED ELVs could be exceeded is restricted to 60 hours per year. Such conditions will 
be sporadic and short-term in nature and, hence, are unlikely to significantly affect the long-term 
impacts of the Installation. 
 
Start-up of the Installation from cold will be conducted using low sulphur light fuel oil. During 
start-up, waste will not be introduced onto the grate unless the temperature within the oxidation 
zone is above 850 °C as required by Article 50, paragraph 4[a] of the IED. During start-up, the 
flue gas treatment plant will be operational as will be the combustion control systems and 
emissions monitoring equipment. 
 
The same is true during plant shutdown where waste will cease to be introduced to the grate. 
The waste remaining on the grate will be combusted, the temperature not being permitted to 
drop below 850 °C through the combustion of the support auxiliary fuel. During this period the 
flue gas treatment equipment is fully operational, as will be the control systems and monitoring 
equipment. After complete combustion of the waste, the auxiliary burners will be turned off and 
the plant will be allowed to cool. Start-up and shutdown are infrequent events. The Installation is 
designed to operate continuously, and ideally only shutdown for each line for its annual 
maintenance programme. 
 
In relation to the magnitude of dioxin emissions during plant start-up and shutdown, research 
has been undertaken by AEA Technology on behalf of the Environment Agency (AEA 
Technology, 2012). Whilst elevated emissions of dioxins (within one order of magnitude) were 
found during shutdown and start-up phases where the fuel was not fully established in the 
combustion chamber, the report concluded that: 
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“The mass of dioxin emitted during start-up and shutdown for a 4-5 day planned outage was 
similar to the emission which would have occurred during normal operation in the same period. 
The emission during the shutdown and restart is equivalent to less than 1% of the estimated 
annual emission (if operating normally all year).” 
 
Therefore, there is no justification for additional impact modelling considerations associated with 
start-up and shutdown operations or upset operating conditions. 
 
 
8 CONCLUSIONS 
 
This assessment has considered the potential impact on health of COPCs released to air from 
the Installation at the maximum impact point and at the most impacted local receptors. 
 
For agricultural adult and residential adult receptors, the combined process contribution and 
existing exposure level (MDI) were well below the applicable TDI for all species for both 
ingestion and inhalation exposure. Similarly, the process contribution was well below the 
applicable ID for all species for both ingestion and inhalation exposure for adult receptors. 
 
For agricultural child and residential child receptors, the combined process contribution and 
existing exposure level were well below the applicable TDI for all species in relation to inhalation 
exposure. The process contribution was also well below the applicable ID for all species for both 
ingestion and inhalation exposure for child receptors. 
 
The total accumulation of dioxins in an infant, considering the breast milk pathway, was also 
well below the applicable ingestion TDI for both agricultural and residential receptors, noting 
that there are no other intake pathways for infants. 
 
The TDIs applied are set at a level that can be ingested daily over a lifetime without appreciable 
health risk, and the ID is a threshold below which there are considered to be negligible risks to 
human health. As these assessment criteria are not exceeded, it can confidently be concluded 
that operation of the Installation will not result in any significant health risk in relation to the 
above exposure routes. 
 
The TDI for ingestion was exceeded for cadmium, chromium and nickel for both agricultural and 
residential child receptors. However this was due to the level of existing exposure which 
comprised 138.9%, 160.0% and 177.1% of the TDI for a child for cadmium, chromium and 
nickel respectively. 
 
The process contributions from the Installation are exceptionally small, being only 0.03%, 0.2% 
and 0.35% of the TDI for cadmium, chromium and nickel respectively at the worst-case impact 
point based on an agricultural child receptor. The process contributions are 0.02%, 0.03% and 
0.05% of the TDI for cadmium, chromium and nickel respectively at the worst-case impact point 
based on a residential child receptor. 
 
This process contribution for nickel is based on the worst-case assumption that emissions of 
nickel are 73.3% of the BAT-AEL cited in the Environment Agency’s guidance for assessing the 
impacts of Group 3 metals. The analysis by the Environment Agency states that this is an 
outlier, with emissions of 18% of the BAT-AEL providing a more appropriate upper figure for 
emission levels. Using the alternative value would reduce the process contribution impacts by a 
factor of four. Given the extremely low process contribution, it is considered that the Installation 
will not increase the health risks from nickel for children significantly. 
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The cadmium TDI is based on long-term accumulation effects on the kidney. If the exposure 
over a lifetime (i.e. a period as a child and adult) is considered, the overall impact is well below 
the TDI, so there would not be an appreciable health risk based on the emission of cadmium. 
 
Total chromium is assessed against the TDI for chromium VI. Assessing the total dietary intake 
of chromium against this TDI is highly conservative as oral intake of chromium III is not 
considered to pose a significant health risk. Therefore, it is concluded that as the process 
contribution is so small and the TDI is set at a highly conservative level, there would not be an 
appreciable health risk based on the emission of chromium. 
 
Given that the impacts associated with emissions from the Installation are below the TDI in 
combination with the MDI, or below the ID or extremely small relative to the TDI, it can 
confidently be concluded that emissions to air associated with operation of the Installation will 
not result in appreciable health risks. 
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