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         SHORT  CURRICULUM VITAE FOR PROFESSOR JIM BRIDGES 

 

         1. My name is Professor James (Jim) Wilfrid Bridges.  I hold a BSc in 

Chemistry and Physiology, a PhD in Biochemistry, a DSc in Toxicology 

from the University of London and an Honorary Doctorate in Biological 

Sciences from Hong Kong Baptist University.  I am Emeritus Professor of 

Toxicology and Environmental Health (since 2003).  I  previously served 

as Head of the European Institute of Health and Medical Sciences (EIHMS), 

University of Surrey, Guildford and before that as the Dean of Science and 

founding Director of the Robens Institute of Industrial and Environmental 

Health and Safety at the University of Surrey. 

 2. I have been the Chairman (since 2004) of the EU Scientific Advisory 

Committee (DG-SANCO) on Emerging and Newly Identified Health Risks 

(SCENIHR) and a member of the DG SANCO risk assessment coordination 

group.   

          3.  I am the former chairman (1997-2004) of the EU Scientific Advisory 

Committee (DG-SANCO) on Toxicology, Eco-toxicology and the 

Environment (CSTEE) which was the lead EU committee for issues of air, 

soil and water contamination, waste, impacts of industrial processes and 

chemicals, noise and nature. I am also a recognised expert for the 

European Food Safety Authority and for DG RESEARCH (environmental 

risk assessment) I am a past member of the following UK government 

committees:  

• WATCH (Working Group on the Assessment of Toxic Chemicals) (Health 

and Safety Executive) which sets workplace standards for chemicals  

• A working party of the Major Hazards Committee (HSE); 

• The Advisory Committee on Irradiated and Novel Foods (MAFF/DoH); 

• The Air, Soil and Water Contaminants Committee (DoH); 
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• The Veterinary Products Committee (MAFF/DoH) 

• The Veterinary Residues Committee 

4. I have served as Chairman and Foreign Secretary of the British Toxicology 

Society, and as President of the Federation of European Societies of Toxicology.  I 

have on a number of occasions acted as a special advisor to the European Food 

Safety Authority and the World Health Organisation (WHO).  I have also served as 

the advisor to the Hong Kong Government on health aspects of their waste 

management strategy. I am an honorary member of the Society of Occupational 

Medicine (UK), EUROTOX and the Royal Academy of Veterinary Sciences (Spain) 

  

 5. I have published almost 400 research papers and reviews.  I have over 35 years 

of experience in providing advice and conducting investigations pertaining to 

human, animal and environmental health issues.  I have given evidence at many 

Public Inquiries on health issues.   

 

6 I have been involved for many years in organising and lecturing on health and 

environmental protection training programmes for doctors, nurses, toxicologists, 

environmental health officers in the UK and various other countries. 
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 METHODOLOGY- APPROACH USED TO ASSESS THE RISK FROM 

EXPOSURE TO CHEMICALS 

1. The chemicals emitted from the stack can be considered in two main 

categories:  

 (i) Chemicals for which the principal effect is likely to be acute. These 

effects tend to occur during or shortly after exposure. The chemicals can 

be subdivided into two groups: 

• Acidic,  in particular sulphur dioxide, nitrogen dioxide, hydrochloric and 

hydrofluoric acids,  

• Other chemicals,  Specifically carbon monoxide,  volatile organic chemicals 

(VOC’s) and  fine particulate matter  

(ii)  Chemicals for which the principal effect is likely to be chronic. 

Chronic effects tend to be persistent and may arise many months after 

initial exposure. Generally such effects require prolonged exposure. The 

chemicals in this category can be subdivided into three groups: 

• Metals most of which will be in the form of particulate matter e.g. lead 

• Semi-volatile and low volatility organic  chemicals, such as dioxins  that may 

be in particulate form 

• Volatile chemicals, such as  benzene. 

 

2. If the predominant   health effects of a chemical are acute effects, then short-

term peaks in ground level concentrations of this chemical need to be assessed. 

Standards /guidelines are set for a particular time period (ranging from a few 

minutes to 24 hours) and   they are aimed  to prevent   such acute  health effects 

from occurring (see appendix).  For these chemicals the UK defines the number of 

permitted exceedences. The great majority of the chemicals of concern have a 

threshold for their adverse effects. Below this threshold no adverse effects are 

likely. 
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3. A tiered approach has been developed to identify possible health impacts in the 

local population from a   proposed CERC, starting with a worst case assumption. 

The rationale is that if a worst case calculation results in substantial safety 

margin, there is no need for a more detailed assessment.  In tier 1 an extreme 

case is used of a hypothetical maximally exposed individual (HMEI) who spends 

all their time, outdoors, at the point of the maximum ground level concentration.  

This is a highly unlikely scenario. If the short-term safety factor is greater than 

10 or the annual safety factor is greater than 100 it is accepted practice that 

sufficient protection of the local population has been identified even for an 

extreme situation. 

 Where lower safety factors have been calculated a tier 2 assessment has been 

conducted using total ground level concentrations (i.e. background levels plus 

maximum ground level concentrations) of the chemical of interest at locations 

where members of the local community reside.  Where the recalculated safety 

factors do not meet the above criteria, a more detailed assessment examining the 

assumptions and their relevance as well as the location of potentially sensitive 

population groups should be carried out. 

 

 4. There is no such thing   as complete certainty in any health   risk assessment. 

In order to compensate for uncertainties a ‘conservative approach’ has been 

adopted in this Proof of Evidence.  

 In regard to   the proposed plant there are two classes of uncertainties: 

            * Uncertainties in the air quality modelling 

            * Uncertainties in the toxicological database. 

The chemicals of interest considered in this   Proof of Evidence are among the 

most studied from a toxicological perspective. For example, in the case of dioxin 

the published literature contains many thousands of papers on the effects of 

these chemicals.  Although no expert is ever in a position to say that the 

database   is totally complete, for the chemicals of interest there is sufficient 
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published information to make a well- informed judgment. 

 

 5. The standards/guidelines adopted by the EU/UK regulatory authorities 

represent acceptable limit concentrations for these chemicals in ambient air and 

are deliberately conservative. Typically, they use the most sensitive animal 

species or vulnerable human group to identify the no significant adverse effect 

level and then add an additional safety/uncertainty factor.   In those situations in 

which the level of uncertainty in the estimation of the health and/or other risks is 

high and the potential adverse consequences are very considerable a very large 

safety factor is adopted. 

 

Exposure assessment 

 6. There are three potentially important exposure pathways due to the operation 

of the proposed   plant, which are:  

 - Inhalation.  Chemicals released to air may come in contact with the body in 

various physical forms (i.e. as particles, aerosols, gases, or solutions/liquids). The 

physical form may affect its bioavailability (i.e. the amount of the chemical, which 

can be taken up into the blood stream). For example, dioxins and metals in air 

are generally bound to particulate matter and may therefore not be taken up well 

by the body. 

 - Ingestion: consideration needs to be given to the possibility that growing plants 

may become contaminated by environmentally persistent airborne chemicals from 

the proposed plant   and that this may affect locally produced foodstuffs of animal 

or plant origin  

Particulate matter could become deposited on the leaves, while volatile and semi-

volatile chemicals could be absorbed through the pores (stomata) of the leaves. 

Water soluble chemicals deposited on the soil may also be taken up through the 

roots of plants. Farm animals could also become contaminated not only by 

inhalation but also by ingestion of the soil or plants, intake of water or by skin 
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contact. However,   in practice, airborne concentrations of chemicals are   very 

low and a very large dilution of any contaminant is inevitable.  

-  Skin contact: dermal contact with soil and other surfaces is likely to be of minor 

significance in comparison with exposure that might be experienced as a result of 

inhalation or ingestion. This is because significant dermal contact is usually 

sporadic, exposure levels low and dermal absorption poor. 

 

 Hazard assessment 

7. In the past toxicological   studies  have been carried out using several species 

of laboratory animals, at different exposure levels.  This has enabled the 

characterisation of the great majority of the hazardous properties. Several 

thousand chemicals have been studied in this way. A particular purpose of such 

studies is to identify the levels at which each effect can be considered 

insignificant in humans (threshold levels). 

 

 8. Toxicological studies in humans are limited for ethical and other reasons.  

However, sometimes it is   impossible to extrapolate findings with confidence 

from laboratory animals to humans. Where uncertainty exists: 

  - Findings in the most sensitive species are used for extrapolation 

purpose; 

 - Safety   factors are introduced to allow for both uncertainties in the 

extrapolation from animals to man and possible differences in 

sensitivity between humans. 

 

9. Estimates based on toxicological results of what constitutes a safe level in 

humans usually   err on the side of conservatism. Individual effects caused by 

any chemicals are divided into: 

- Those for which a threshold level has been identified 

- Those for which it is possible that no threshold level exists. 
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Effects with a Threshold Dose 

10. All chemicals( both natural and man- made), are toxic (provided the exposure 

levels are high enough and the duration of exposure sufficiently long). However,  

if the exposure level is reduced,  a stage is reached (for nearly all adverse effects 

of chemicals) below which these effects will not occur.  Except for genotoxicity, it 

is probably the case for all adverse effects.  Furthermore,   there may be a 

threshold for a number of genotoxic carcinogens, but this has not been 

conclusively proven. 

 

11.  Some of the chemicals of interest are essential for health at low levels e.g. 

chromium, cobalt. For these chemicals  there may be two thresholds, one for 

adverse health  effects and a lower one for biological benefits. This phenomenon 

is sometimes described as ‘hormesis’.    There can be considerable differences 

between individuals in the threshold for a particular effect with a specific 

chemical. For this reason thresholds that are determined experimentally are often 

adjusted by use of safety factors, to stricter values in order to define a threshold 

likely to be applicable to the human   population   as a whole.  

 

Effects   with a Non-threshold Dose 

12. Genotoxic carcinogens are chemicals which cause cancer through interacting 

with the cells’ genetic apparatus (for example, by binding to DNA). It has been 

estimated that around 50% of carcinogenic chemicals also show genotoxic 

properties in standard tests although this should not be interpreted as meaning 

that 50% of carcinogens exert their effects via a genotoxic mechanism.  

Many genotoxic chemicals are natural in origin (aflatoxins, which can cause liver 

cancer, are natural contaminants produced by fungi and are found in   nuts and 

cereals).  Other genotoxic chemicals, such as benzo(a)pyrene and acrylamide are 

created by cooking, especially grilling. 
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Chemicals without a proven threshold   represent a potential risk at any level of 

exposure. However, the lower the exposure level, the lower the risk will be. For 

non-threshold chemicals, the effects on the total population, due to potentially 

very small changes in airborne concentrations of such chemicals, are directly 

related to the level and duration of exposure.  

 

13. A very conservative assumption can be made in such cases that this 

relationship is a linear one.  This linear model assumes that regardless of the 

actual exposure level, if the exposure level is doubled so will be the magnitude of 

the effect. It is a conservative approach, in that at low concentrations dose 

response curves tend to be concave. This is because the body has developed 

robust defence systems against exposure to low levels of chemicals.  

This linear extrapolation model is used in the USA (but not generally in the EU) to 

assess the risks to humans from a group of chemicals termed genotoxic   

carcinogens. The EU and the UK tend to use safety factors (e.g. the margin of 

exposure or margin of safety instead. Albeit the EFSA use of margin of safety 

referred to above is based on a quantitative risk assessment with a linear 

extrapolation to identify an ‘acceptable risk’. 

 

14. Many carcinogens are not mutagenic. Moreover, there are a few mutagens 

that are not carcinogenic.  Zeigler (2001) notes that the largest proportion of 

mutagenic non-carcinogens was in a particular chemical class, benzeneamines 

and substituted benzeneamines. Assuming that there is no threshold, it is evident 

that the risk to health from genotoxic carcinogens needs to be defined differently 

from that for other chemicals (i.e. those which have a threshold).  This may be 

done in a number of ways, i.e. by estimating:  

-The increased risk of cancer to an individual; 

-The increased level of cancer which may arise in the     population;  

-The concentration which produces a particular cancer incidence . 
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15. For those metals (e.g. cadmium) in respect of which there is evidence that 

they are non-mutagenic carcinogens (CSTEE, 2002), a linear extrapolation tends 

to greatly overestimate the risk.  

 

 Animal studies 

16. Laboratory strains of mice or rats are used. The advantage of animal studies 

is that they provide information about effects on a whole living organism that 

displays the full repertoire of body structures and functions, such as nervous 

system, endocrine system and immune responses. In this respect, animal studies 

are usually a more powerful experimental tool than cellular studies for assessing 

health risks to humans.  

 

17. Particular attention has to be paid to extrapolation of animal findings to man. 

However, extrapolation to humans is not straightforward since there are obvious 

differences in, e.g., body mass, life expectancy, physiology and metabolism 

between species. Rodent carcinogenicity studies, for example, have been 

criticised because many agents that are carcinogenic in rodents (often only at 

very high doses) are not carcinogenic to humans, and some human carcinogens 

do not affect rodents in standard carcinogenicity tests . Extrapolation from animal 

experiments to humans should always include consideration of the validity of the 

animal model used – good animal models do not exist at present for all human 

diseases. Nevertheless, at a molecular level, many basic processes, such as DNA 

damage and repair, are similar in animals and humans, and animal studies have 

remained a cornerstone in evaluating toxicity of chemical and physical agents. In 

the evaluations of IARC, for example, agents for which there is sufficient evidence 

of carcinogenicity in animals are considered to pose carcinogenic hazard to 

humans, unless there is scientific evidence that the agent causes cancer through 

a species-specific mechanism that does not operate in humans (IARC 2006). 
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 In vitro studies 

18. In vitro studies (using animal or human tissues) investigate toxicological, 

mechanistic and other relevant effects, which can provide evidence for and 

possible understanding of the development of cancer and other diseases. In vitro 

assays can show potential effects of various agents on a wide variety of biological 

endpoints in a manner which is rapid and cost-effective.   

Genotoxic studies include assays showing the interaction of the possible risk 

factor with the DNA. Non-genotoxic studies often aim to give mechanistic 

understanding by using a wide variety of endpoints. This can elucidate the 

machinery of action on the cellular level which can also be predictive to a certain 

extent for some hazardous effects. In vitro studies contribute to acute toxicity 

testing and can provide information regarding tumour generation, and other 

physiological or pathological processes, but it cannot replace in vivo conditions or 

long term exposure conditions. Therefore information about e.g. genotoxic 

capacity can only be indicative of a potentially serious public health risk. 

 

Studies in Man 

19. Human volunteer studies are used to evaluate whether effects can be 

observed during or shortly after exposure to a causal (risk) factor. These studies 

are often termed provocation studies, i.e. the study will try to answer the 

question whether a certain exposure will trigger (provoke) a certain effect, e.g. a 

physiological reaction or symptoms.  

Human volunteer studies, as compared to epidemiological studies, have the 

advantage of providing better possibilities to control the exposure factor(s) under 

study, as well as possible confounding factors. However, they are really only 

suitable to assess the short term effects of air pollutants. 

 

20. Epidemiology is concerned with the study of the occurrence and distribution 

of diseases in populations. In contrast to experiments or 
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clinical trials, epidemiological studies are usually observational and are, therefore, 

vulnerable to bias and confounding. Thus, criteria are needed to assess whether 

observed empirical exposure-disease associations are possibly causal or more 

likely a play of chance or methodological 

Making sense of results from epidemiological studies is particularly challenging 

when they are conflicting, or when there is a discrepancy between 

epidemiological and experimental findings.  

The range of observational study types reaches from rather simple descriptive 

studies to analytical studies. In evidence-based decision making, different 

observational study types contribute with different weights. More confidence 

relies on results derived from well-conducted prospective cohort studies than on 

results from case-control studies, whereas firm conclusions are rarely drawn from 

cross-sectional studies and particularly descriptive studies. Nevertheless, there is 

a considerable range of quality within study types. This applies especially to case-

control studies which are the most commonly used in investigations of hazards of 

chronic diseases like cancer. Case-control studies are prone to selection bias and 

recall bias and a transparent description of the study material and procedures is a 

necessary requirement to evaluate the study’s quality.  

 Meta-analyses are a useful tool to numerically summarise the evidence, but if 

substantial heterogeneity is identified, a structured approach trying to clarify the 

source of such heterogeneity is more important than the calculation of pooled 

estimates. A good meta-analysis or review can be seen as a study of studies; 

hence, like original studies, they vary considerably in quality. 

 

 Interpretation of the risk assessments for each chemical of interest 

21. The estimated risks need to be judged in some form of context. In the case of 

an airborne chemical of interest, a comparison may be made with: 

•  A relevant standard or guideline value or in the absence of a suitable 

value suitable one needs to be determined from the published literature 
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•  The contribution to the local air quality in comparison with background 

levels of the chemical of the chemical of interest 

•  The risk from other sources of the same and/or related chemical 

•  The incidence of the effects of concern from other sources 

•  The overall risk  compared with  ‘accepted’ risks from other sources of 

airborne emissions of a comparable range of chemicals  

 

22. It is important in such comparisons to identify the extent to which 

conservatism (caution) is built into the risk assessments. Thus it is not 

appropriate to compare worst case risk assessments with realistic risk 

assessments. In the risk assessments carried out below numerical values are 

generated of two kinds: 

i) safety margins or hazard indices. These arise from the comparison of the 

exposure levels produced by the air quality modelling with the 

appropriate regulatory air quality standard or guideline 

ii) annual or life time risk derived from published estimated of the risk for a 

defined exposure level to the chemical of interest. 

 

Use of a tiered approach 

23. A tiered approach has been developed to identify possible health impacts in 

the local population from a   proposed CERC, starting with a worst case 

assumption. The rationale is that if a worst case calculation results in substantial 

safety margin, there is no need for a more detailed assessment.  In tier 1 an 

extreme case is used of a hypothetical maximally exposed individual (HMEI) who 

spends all their time, outdoors, at the point of the maximum ground level 

concentration.  This is a highly unlikely scenario. If the short-term safety factor is 

greater than 10 or the annual safety factor is greater than 100 it is accepted 

practice that sufficient protection of the local population has been identified even 

for an extreme situation. Where lower safety factors have been calculated a tier 2 
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assessment has been conducted using total ground level concentrations (i.e. 

background levels plus maximum ground level concentrations) of the chemical of 

interest at locations where members of the local community reside.  Where the 

recalculated safety factors do not meet the above criteria, a more detailed 

assessment examining the assumptions and their relevance as well as the 

location of potentially sensitive population groups should be carried out. 

 

24. In tier 1 a “worst case” (highly conservative) assessment of possible ground 

level concentrations is conducted. Exposure of the local community to each 

chemical of interest is assumed.  For these purpose two key assumptions are 

made: 

• that a plant is emitting continuously each chemical of interest at the 

maximum legally permitted level or at a level much above that recorded at any 

modern waste to energy plant; 

• that a hypothetically maximally exposed individual (HMEI)   

residues in the local community.  This individual lives only outdoors, stays only in 

the immediate vicinity of the RDF biomass plant, moves frequently within the 

vicinity to ensure continuing maximal exposure and derives 40% of their food per 

annum (in particular, meat, milk eggs and vegetables ) from sources in the 

immediate vicinity of the plant. It is obvious that these circumstances are far 

from typical ones.   

 In some cases there is a danger that the use of an HMEI scenario becomes so 

unrealistic that it has no practical relevance.   

 For any chemical of interest,   if no identifiable risk is found in these worst case 

circumstances then it can be safely concluded that there will be no risk from this 

chemical as a consequence of its emission from a proposed CERC.   For each of 

the chemicals considered, there is a health based short-term (acute) and a long-

term (usually annual) air quality standard or guideline value. If the exposure level 

is equal to or less than the relevant standard or the guideline no adverse is likely 
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to occur.  As the standards and guidelines already have an element of precaution 

built into them,   even some cases of exceeding of the standard or guideline may 

not have adverse consequences. 

For the purposes of tier 1, if the exposure level is one- tenth or less of the  acute 

standard or guideline and one- hundredth of the long-term value it is an 

established practice among the experts in the UK  to consider there to be no risk 

to the HMEI and, consequently, to the local population. 

 

25. For genotoxic carcinogens and for any other chemical for which a 

threshold  has not been clearly established it is also appropriate to estimate the 

increased risk of disease (e.g. cancer) that might arise within the local population 

from lifetime exposure, assuming that they are all continuously exposed to the 

maximum annual ground level concentrations of each chemical of interest. 

 

26. There is a potential for some chemicals to produce a combined effect that is 

greater than the effect anticipated from their individual properties (often 

described as the “cocktail effect”).  This can be evaluated based on an 

understanding of the means by which they cause their adverse effects. It is 

essential to recognise that in tier 1, not only has a worst case exposure scenario 

been adopted, but also that the large safety margins are ultra-precautionary for 

the purpose of the protection of public health. However, this approach is still   

appropriate as the main purpose of tier 1 is to filter out (at an early stage in the 

risk assessment) any chemicals which appear safe for the health of the local 

community. 

 

27. Tier 2   represents a   realistic worst case assessment. This approach 

enables   attention to be focussed on those chemicals  for which a more 

 in-depth assessment is needed.  The fact that they are considered in tier2  

does not in itself  imply  that  there is a health concern . Tier 2 is still  
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a conservative estimate, as it use the same air quality modelling data.  

 Instead of assuming the totally unrealistic scenario of an HMEI, the modelled 

ground level concentrations are used at locations where the local population 

actually resides (often described for air quality modelling purposes as ‘sensitive 

receptor sites’).  It is assumed that the residents spend their entire life outside 

and do not move away from the vicinity of the CERC   for any significant period of 

time.  In addition, a more realistic estimate of the amount of locally grown food 

should be made, based on UK and European dietary intake surveys.  

As was the case for the tier 1 evaluation; a comparison needs to be made 

between the levels that are estimated for a chemical of interest against the 

relevant standard or guideline. In tier 2 an element of judgement is used in 

assessing the size of the safety factor which is actually necessary to protect the 

health of the local population. This judgement, for example, may need to take 

into account whether the standard or guideline protects the most sensitive 

members of a population. 

In addition, (as for tier 1), assessments are made of: 

• carcinogenic risk 

• dietary intake 

• potential for a ‘cocktail effect’ 

• The potential for background levels to result in exceedence of the 

standard or guideline. 

         As the calculated risk may be difficult to appreciate on its own, it may be 

appropriate in tier 2, a comparison between the estimated risks attributable to a 

plant is made with risks from other relevant plants and/or other human activities. 

If the safety margins are insufficient for any chemical of interest in tier 2 then a 

third assessment stage needs to be undertaken. 

 

28. If tier 3 assessments are required for any chemical of interest,   assumptions 

made in tier 2  are thoroughly re-examined. It may be necessary to examine 
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critically the toxicological properties of the chemical  and assess  the viability of 

measures to reduce emissions of the chemical. It is only in exceptional 

circumstances that Tier 3 assessment is required. The above methodology has 

been applied to each chemical of interest, as appropriate, in this Proof of 

Evidence . 

 

29. In the following two tables are set out a general framework  for how such 

numbers are judged for acceptability by regulatory authorities in the UK and 

elsewhere. A risk assessment may be considered to have two dimensions: 

likelihood and severity of effects. A number of degrees of both severity and 

levels can be identified.  

 

 

Judging the acceptability of specific exposure conditions 

30. It is important to have some form of framework from which to judge 

acceptability. A suitable framework is provided in the table below. 

 Table 1  Severity of an effect if it occurs 

Likelihood Life 

threatening 

Serious but 

not life 

threatening 

Moderate  Minor None or 

insignificant 

Considerable Xxxxxxx Xxxxxxx Xxxxxxx xxxxxxx  

Significant Xxxxxxx Xxxxxxx Xxxxxxx ----------  

Possible Xxxxxxxx ----------- ----------   

Improbable ------------ ----------    

Extremely 

unlikely 

     

 

xxxxxx = mitigation measures necessary 

--------- = mitigation measures should be considered 
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The advantage of such a format is that it enables calculated values to be 

interpreted however as with any risk categorisation system it requires some 

expert judgement in its interpretation for a particular locality. 

 

Table  2      Likelihood of an effect occurring 

Likelihood Non carcinogens long 

term  safety  factor i.e. 

ratio of standard 

/guideline to exposure 

level 

Genotoxic carcinogens 

Annual risk 

Considerable <0.01 1 in 10-2 

Significant <0.1 1 in 10-3 

Possible 1 1 in 10-4 

Improbable 10 1 in 10-5 

Extremely unlikely 100 1 in 10-6 

 

 

Comparison with background air quality values. 

31. The National Association for Clean Air has established its own framework for 

acceptability based on the impacts in terms of compliance with the National 

standards for existing air quality for each chemical of interest. This is set out in 

the table below. In essence the approach is to consider the relative contribution 

of a proposed or existing facility to local air quality using the existing standards 

for each chemical of interest. Two general scenarios are considered: 

• the facility under consideration leads to an increase in the level of the 

chemical of interest 

• The facility under consideration leads to a decrease in the level of the 

chemical of interest. This is applicable where one scheme replaces an 

existing facility. It should be noted that expert judgement is needed to 
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determine the significance of any changes. Thus the framework is useful 

as a guideline. For the proposed facility the issue to consider is whether  a 

significant deterioration in air quality could result as a consequence of the 

operation of the proposed facility 

Table 3  The National Association for Clean Air Classification System 

 

 

 

Absolute 

concentration viz  

standard/guideline 

value 

Extremely 

small 

Very 

small 

Small Medium large Very 

large 

Conflict with AQAP - - - - - - - - - - - - - - - - - - 

Above standard 

without scheme 

- -  - - - - - - - - - - - - - - 

Below standard 

without scheme, 

above standard with 

the scheme 

- - - - - - - - - - - - - - - - - 

Below standard with 

scheme but not 

substantially below 

0 - - - - - - - - - 

Well below standard 

with the scheme 

0 0  - - - - - 

0= neutral effect, - = slightly adverse,- -  =moderately adverse, - - - 

=substantially adverse, - - - - = very substantially adverse. 

Risk assessment of combinations of chemicals (mixtures) 
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32. The DETR makes no recommendations on the issue of mixtures in the Air 

Quality Strategy   As a conservative approach; however, we have adopted the 

following method advocated by the Health and Safety Executive (HSE) (2002) for 

dealing with additive effects in the workplace. This uses the equation: 

 

C1/L1 + C2/L2 + C3/L3 + …. Cn/Ln = X 

where:  

C1, C2, … Cn = are the airborne concentrations of each chemical; 

L1, L2, … Ln = the Occupational Exposure Levels (OELs); and 

X = the Hazard Index. 

(The intervening, resulting ratios (C1/L1, C2/L2, etc) are called Hazard 

Quotients).  

 

 If the Hazard Index is less than 1, the mixture is considered not to represent a 

health hazard; if the Hazard Index is greater than 1, steps should be taken to 

reduce the concentrations of one or more of the chemicals involved.  If no 

synergistic or additive effect is known or considered likely, the HSE consider that 

it is sufficient to ensure that there is compliance with each OEL individually.  
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STANDARDS, GUIDELINES AND OTHER ACCEPTABILITY CRITERIA  

1. The establishment of a safe/virtually safe/acceptable exposure level for a 

particular chemical is required in order to judge the possible health implications of 

exposure to particular levels of that chemical. 

  Such standards are set on the basis of data on  of the adverse effects of the    

chemical and the dose response relationship for the most sensitive of these. 

Standards/guidelines have been developed to protect the public from unsafe 

levels of exposure to many specific chemicals present in food, drinking water, air, 

household products etc.  Such standards typically have a margin of safety built in 

to ensure a high level of public protection.  

 

Air quality standards, guidelines and objectives   

2. Ambient air quality standards or guideline values (whether short- or long-term) 

have been established for relatively very few chemicals. The EU has ambient air 

quality standards and air quality guidelines for those few chemicals that are well 

known common pollutants of ambient air such as NO2, SO2, CO, benzene, 1,3 

butadiene, particulate matter (PM10)  and lead. There are as yet no established 

standards for other metals or for dioxins. The US Environmental Protection 

Agency (US EPA) has laid down its own ambient air quality standards and the 

World Health Organisation (WHO, 2000) has proposed a number (around 20) of 

guideline values.  EU and UK ambient air standards/guidelines/ objectives are 

normally drawn directly from those recommended by WHO. 

The UKAQS has to date, set objective values for eight pollutants the levels for 

which are “founded on an effects based approach” i.e. based on health 

considerations only. These objectives are derived from EU Air Quality Daughter 

Directives (which are themselves based generally on WHO guidelines).  Where 

such Directives are not yet in existence, the Objectives are based on 

recommendations of the UK Expert Panel on Air Quality Standards (EPAQS).   
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a million annual risk. The EU has also set an ‘acceptable’ risk level for existing 

chemicals (REACH). Using a linear extrapolation, a level termed the Derived 

Maximum Exposure Level, the risk is deemed ‘tolerable’ if the lifetime risk is 

greater than 10-5. 

 

 12. In respect of air quality standards the acceptable/tolerable risk criteria 

generally include not only health based considerations but also achievability. In 

some instances the resultant standard is less strict than would be the case if the 

standard was entirely health based, in others it is stricter because lower levels 

are readily achievable. For example the USEPA uses an acceptable lifetime risk of 

1 in a million for various purposes. I note however that the USEPA itself has 

found many situations in which it has deemed it appropriate to use a lower limit 

for acceptable risk. The ‘acceptability’ of   safety factors and annual risk estimates 

as practiced in most western countries is summarised in the appendix. These 

values are useful bench marks in considering the risk from the proposed   plant. 

 

   Uncertainties in the estimation of the risk 

13. There is no such thing as complete certainty in any risk assessment. In 

regard to a health impact assessment on the proposed plant uncertainties that 

can be considered include: 

            * Uncertainties in the air quality modelling 

            * Uncertainties in the toxicological data base 

            * Uncertainties in the extrapolation of data from one situation to another 

In order to compensate for these uncertainties in a Health Impact  

Assessment, a ‘conservative approach’ is adopted. In respect of the air quality 

modelling used in this proof, assumptions are adopted that err strongly on the 

side of caution. For example, that the proposed plant will emit each ‘chemical of 

interest’ at the maximum permitted limit and that an individual in the community 

will be permanently exposed to the maximum estimated ground level external 
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concentrations. Clearly neither assumption is realistic. 

 

13. It needs to be recognized that the chemicals of interest considered in  

this   health impact assessment are among the most studied from a toxicological 

aspect. Although no toxicologist is ever in a position to say that the toxicological 

data base of any substance is totally complete, for the substances of interest 

there is sufficient information to make a well informed judgment. In respect of 

uncertainties in the toxicological data, the standards/guidelines adopted by the 

EU/UK regulatory authorities represent acceptable limit concentrations for these 

chemicals in ambient air and are deliberately conservative. Typically they use the 

most sensitive animal species or vulnerable human group to identify the no 

significant adverse effect level and then add an additional safety/uncertainty 

factor.            

 

14. In those situations in which the level of uncertainty in the estimation of the 

health and/or other risks is high and the potential adverse consequences are very 

considerable, the European Union recommends the adoption of the so called 

precautionary principle.  Its application may delay a development until further 

suitable information is available or in the case of a current practice to restrict it 

until further suitable information is available.  

It is very evident, from the actions of the EU however, that it does not consider 

waste to energy plants to require the application of the precautionary principle. 

Indeed waste to energy plants are an important component of the current and 

future waste strategy of the European Union. Instead the approach adopted has 

been to set very strict limits for the emissions of the chemicals that may be 

regarded as of concern in order to minimize any health and environmental risks. 
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METHODOLOGY USED  FOR REVIEW  OF THE PUBLISHED LITERATURE 

INTRODUCTION 

           1. A fundamental consideration in reviewing the published literature is to identify 

whether each study has one or more relevant controls 

To identify whether or not the levels of a particular chemical of interest in human 

blood, in plants, soil or air are attributable to a particular source and if so the 

extent of the contribution requires the identification of an appropriate reference 

point or control and to apply statistics to see whether there are or are not real 

differences in the findings. 

 This reference point or control could be the situation before the source was in 

operation. However, often this information is insufficiently reliable for various 

reasons.  

 2. The alternative approach is to compare the findings around the source with 

those of a ‘control area’ away from both the source and similar types of source 

but comparable in all other respects. The selection of an appropriate control 

population is particularly important in epidemiology studies aimed at identifying 

possible long term health consequences from living near a source of emissions 

such as an incinerator. This requires specialist expertise because many 

socioeconomic and life style factors can contribute to most chronic diseases. A 

common example is to compare the health effects of living down wind of a source 

of emissions with those living up wind. In a surprisingly large number of such 

studies those living up wind have a substantially higher socioeconomic status and 

this is a likely contributor to their better health.  

 

 ASSESSMENT STRATEGY 

3. The following section identifies criteria for: 

• Finding the relevant publications 

• selection of relevant publications  for analysis, 

•  how the papers are weighted for quality and relevance for each line of 
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evidence 

• How an overview is reached. 

 

Finding the relevant literature  

4. In order to give the appropriate emphasis to particular sets of data it is very 

important that (as far as is practicable) all the relevant data is identified. 

Inevitably, this is subject to practical constraints  of accessibility and the 

language in which a publication appears.  

A literature search has been conducted for each issue using a range of electronic 

search engines e.g. Medline, Toxline, Chemical and Biological Abstracts. This has 

been   supplemented by individual searches conducted  in the British Library and 

the Royal Society of Medicine library. In addition,  Google Scholar  and similar 

engines have been  used to identify other possible issues. For some aspects 

additional experts in a particular area have been consulted. 

 

 Selection of papers for further consideration  

5. There is no universally adopted formal and transparent procedure for the 

weighing of data. However, the parameters adopted in this Report are widely 

recognised.  Once the data was collected it has been evaluated according to the 

outline scheme set out below (See positive and negative ratings). A single 

criterion is rarely used to identify whether or not a paper/report is acceptable 

rather it is a profile of criteria that is used in this Proof of Evidence.  Expert 

judgement inevitably needs to be applied in assigning and utilising the criteria. 

The   ‘threshold for acceptability’ has of necessity had to be reduced for aspects 

of the risk assessment where there is limited information. 

Unpublished views of individuals cannot be utilised unless they are supported by 

a reliable data. However views of independent, internationally recognised 

scientific groups have been taken into account where published. 
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 SUMMARY OF HEALTH EFFECTS FOR PARTICULATE MATTER AND  

DIOXINS. 

i) Particulate matter 

1. An investigation into effects of PM10 on the expression of CRP and Hsp70 in 

the lung epithelial cell line, A549 showed that they are secreted from the lung 

epithelium as a result of oxidative stress and this demonstrates an effect of the 

inflammatory response associated with inhalation of particulate matter (Ramage 

and Guy, 2004). It has been suggested that chronic inhalation of PM10   alters 

the normal growth of lung function. In a study of 64 children in Leicestershire 

there was a significant inverse association between size of black area in the 

cytoplasm of airway macrophages(AM) and lung function (Grigg et al, 2008). 

Each 1.0 microm2 increase in the area of the black material in AMs was 

associated with a 17% reduction in forced experatory volume in one second 

(FEV1), a 12.9% reduction in forced vital capacity (FVC) and a 34.7% reduction 

in forced expiratory flow. 

 

2. Biological evidence of correlation between particulate matter air pollution and 

blood coagulability was found by Seaton et al, (1995). 

Other studies, which researched relationship between pulmonary particle 

deposition and adverse cardiovascular effects, observed conduit artery 

vasoconstriction (Brook et al, 2002), increased systolic blood pressure (Ibald-

Mulli et al, 2001) and  induce cardiac arrhythmias (Peters et al, 2000). 

After an  exposure to airborne particles  the following  factors can influence their 

effect: 

• initial distribution in the nose, bronchii and alveolar regions. 

• the ability of the lungs to clear the particles. If clearance is efficient then 

adverse effects are unlikely ( particles cleared from the lung may be 

swallowed). There is reasonable evidence that very small particles are 

relatively easily cleared from the lung. 
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• particles may dissolve or rapidly aggregate. It has been claimed that the 

dissolution of particles and the release of metals was a contributor to the 

adverse effects that occurred in the great smog of London in 1952 

(Merolla and Richards 2005). 

• some particles are able to penetrate the lung and reach other tissues of 

the body. From the evidence currently available it appears that certain 

small nanoparticles (around 20nm) are able to penetrate the alveolar 

tissue in the lungs. 

 

Animal studies 

3. There is some experimental evidence to support the view that combustion-

derived particles from traffic are a key contributor to adverse health effects. In a   

study in rats, carbon nanoparticles (about 38 nm) were found to induce a mild 

but consistent increase in heart rate and a low grade pulmonary inflammation 

(Harder et al 2005). 

The proposed mechanism(s) for these effects of PM10/PM2.5 centre on the ability 

of the particles to cause inflammation and oxidative stress. Particle composition 

as well as size is considered to be an important contributor to both the 

inflammation and the oxidative stress (Gilmore et al 2004, Dybing et al 2004). 

However, various other mechanisms have also been proposed e.g. a direct or 

indirect effect on the autonomic nervous system (Timonen et al 2006). These 

mechanisms would each be expected to show a threshold exposure level below 

which they would not be put into effect. Nonetheless, current data does not allow 

the identification of a threshold although for each individual it is very likely that a 

threshold exists.  For most members of the population no adverse effects are 

likely at values very substantially higher than the 24 hour and annual objective 

values. 
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Comparative study of oxidative stress in rat lung cells   showed an increase in 

markers in malondialdehyde (MDA) (Choi et al, 2004).  However, PM2.5 rather 

than PM10  induced more Nrf-2 protein associated with diverse transcriptional 

and anti-oxidative stress enzymes. 

 

4. In a study of unrestrained healthy WKY rats short-term exposure (24 hours) to 

carbon UFPs (38 nm,  180 µg m-3) resulted in a consistent increase in heart rate 

and a significant decrease in heart variability (Harder et al, 2005). However, 

there was no evidence of increase in blood coagulability   or signs of cardiac 

inflammation or cardiomyopathy. The authors suggested that the changes they 

observed were mediated by an altered sympatho-vagal balance. 

 

Human studies 

5. Studies with inhalation of diesel soot in human subjects indicate that the 

function of the endothelial cells in the forearm is impaired following inhalation, as 

shown by the impaired vasomotor   response to pharmacological stimulation. 

A number of studies show that particulate matter in ambient air can have adverse 

effects on human health. Ambient particulate air pollution (measured as - PM10   

or - PM5) has been found to be statistically associated with cardiovascular 

morbidity and mortality (Samet et al 2000, Peters et al 2004). Most of the data 

on   the behaviour and toxicity of particles comes from studies on inhaled 

nanoparticles (e.g. Oberdörster et al 2005, Donaldson and Stone 2003, Borm 

2002). For some materials the nano form is more toxic than larger particles of the 

same material when compared on a mass dose base. This may be due at least in 

part to the greater surface to volume ratio of the nanoform (Donaldson et al 

2000, Oberdörster  et al 2002). However it is by no means inevitably the case 

that the nano-form is more toxic than larger particles (SCENIHR 2006). 
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In a prospective cohort study (with a 3 year follow-up) of 631  healthy men aged 45 to 64 

years of age exposure to high levels of particulate matter during air pollution episode ( 

increases of 26 µg m-3   total suspended particles) raised the odds of C-reactive protein levels 

50% above the 90th percentile (Peters et al, 2001). 

 

6. Epidemiological studies on ambient air pollution do not provide consistent 

evidence that nanoparticles are more hazardous than larger particles.  In one 

study, fine particles were identified as more strongly related to cardio-respiratory 

symptoms than smaller nanoparticles (de Hartog et al 2003). Peters et al (2004) 

also demonstrated that the number of nanoparticles is more strongly associated 

with health effects than the mass. Von Klot et al (2002), however, could not 

distinguish between ambient fine particles and ultrafine particles with respect to 

asthma medication use. 

   

7. A number of adverse health effects have been attributed to exposure to high 

levels of PM10/PM2.5 including: 

       *   Lung damage and lung cancer (Curtis et al, 2006) 

       *   Cardio-vascular system effects (Kappos et al, 2004) 

       *   Possible reproductive effects (Lacasana et al, 2005) 

 

 Conclusions 

8. For ultrafine particulate matter as the exposure is lowered the severity of the 

possible effect(s) is reduced. A threshold is very likely based on mechanistic 

considerations.  

 

ii) Dioxins 

9. Several  epidemiological studies have been  conducted on population groups 

exposed to high levels of dioxins as a consequence of a major accident or 

occupational exposure in specific “dirty” industries (such as chlorinated herbicide 
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manufacture).  From these studies the consensus view is that dioxins increase the 

risk for all cancers combined. However, the magnitude of this increase appears to 

be relatively low and no statistically significant increase in any particular type of 

cancer has been identified.  It has even been argued, using the same workplace 

epidemiology data that dioxins may protect against some forms of human cancers 

(Kayajanian, 1999). However this view is not generally accepted. 

 

10. Other consequences reported in humans after a substantial dioxin exposure 

include increased incidence of cardiovascular disease and diabetes although some 

other studies challenge this conclusion.  

Chen et al (2008) have noted in Taiwan, a relation between body burden of PCB’s 

(some of which are dioxin like) and a small, reduction in insulin sensitivity in 

pregnant women. However, some evidence was found that a previously observed 

small abnormalities in levels of thyroid hormones and liver enzymes in a 

particular population group have become normalised over time (ten Tusscher et 

al 2008).  

 

 11. In Seveso (where an explosion in an herbicide manufacturing plant resulted 

in a major release of dioxin into the environment) a persistent skin condition 

(termed chloro-acne) also occurred.  This condition has also been observed in 

some industrial workers too who have experienced prolonged occupational   high 

level exposure to dioxins.     However, there is no good evidence among the 

Seveso population of impaired immune competence.   

In some other human studies there is some rather limited evidence of effects on 

the immune system.  There is insufficient information from human studies to 

determine the threshold level directly from such studies. 

 

13. Nishijo et al (2008) investigated in Japan, a number of parameters of   foetal 

development and dioxin levels in breast milk. No correlation was found with infant 
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pollution levels have been rising in a number of  areas. 

 

5. Dioxins levels in ambient air are very low, in part a reflection of their very low 

volatility. Maximum quarterly concentrations of dioxins and furans in major cities 

in the UK range from 33.4-169.2 fgTEQ/m3. 

   

6. Although incineration process of municipal solid waste was in the past also a 

major source, its contribution to current emission inventories is now very 

markedly lower. There is a remarkable difference in the scale of dioxin emissions 

from incinerators when we compare the range of emissions since the 1950s.  The 

following data has been derived from several reviews of   environmental 

monitoring literature  and original research publications (such as Gonzales et al 

(2000): 

 

          *        1950- 1970     20->100 ng/Nm3 

          *        1970- 1980     5-50 ng/Nm3 

          *        1980- 1990     2-10 ng/Nm3 

          *        1990- 2005     0.1 ng/Nm3    

 

Thus, the emissions from modern plants in the EU countries  are a minimum of 2 

-3 orders of magnitude lower than was the case in the 1950s and 1960’s. These 

changes can be considered in the context that in the 1950’s and 1960’s coal 

burning was still permitted in domestic premises  and leaded petrol was still used 

in all petrol driven vehicles.  

  

Investigation of contamination of air, soil and plants by dioxins 

7. There have been a number of publications concerned with the measurement of 

dioxin levels in the area around incinerators. It is vital in interpreting this data to 
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distinguish between poorly performing old incinerators and those operating to the 

current EU emission limits. 

An investigation of  dioxin   levels in  soil and vegetation around a MSW waste- 

to-energy plant in Spain by Domingo et al (2001) resulted in the conclusion that  

the plant was not the main source of dioxins. Emission levels at the plant at the 

time of the study were around 2 ng/Nm3. This is 20 times above the current 

permitted emission limit in the EU. The same authors conducted further sampling 

following the fitting of new flue gas cleaning equipment which reduced the stack 

levels of dioxins to  around   0.003 ng/m3.  They found a substantial decrease in 

dioxin levels in local vegetation (60%)   but a small increase   in dioxin levels   in 

soil   (14%).  The authors stated that “in comparison with other emission sources 

of PCDD/Fs in the same area” (traffic, other industrial activities, bonfires) “the 

current PCDD/F emissions from the MSW incinerator would be of small 

significance for the population living in the neighbourhood of the MSW 

incinerator”. 

Nouwen et al (2001) compared modelling and analytical results of  emissions 

from two old incinerators in Antwerp, which were closed in 1997   because of 

their high dioxins  levels.  The authors found a variation in levels of dioxins in the 

areas around the incinerators and the two control areas.  However, they believed   

that “other sources contributed at least partly to the local dioxins contamination 

of the area” and that “just residing in the  area  of the incinerators emissions 

does not result in a meaningful risk”.  

Pirard et al (2005) studied an old incinerator (in operation since 1974) with 

average emission level of 226ng TEQ/Nm3. This is   2000 times the current 

standard.  The authors believed that this incinerator was a likely cause of dioxins 

contamination of soil and eggs in the immediate vicinity of the plant. 

Caserini et al (2004) examines air and soil levels of dioxins around three MSW 

incinerators in Italy.  At all three sites dioxin concentrations in soil were at the 

lower limit of the average values for rural areas.  Concentrations in air ranged 
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from 144-337fgI-TEQ m3 at an urban location to 10-67fgI-TEQ m3 at a rural site. 

 

It is noteworthy that   a research study, which examined PCDD/F concentrations 

in soil and ambient air in Kocaeli (an industrialized city of  Turkey) found similar 

values to those identified by Caserini et al yet Kocaeli doesn’t have an incinerator 

in the area (Bakoglu et al, 2005).  Ambient air concentrations of dioxins in the 

city area were about 10 times higher than those in a rural area, which was used 

as a control. It is noted that this city has several petrochemical plants close by. 

Kao et al (2007) examined an industrial area in Siaogang District in southern 

Taiwan which contained five incinerators (one of them for hazardous wastes), five 

electric arc furnaces, four sinter plants, a coke-refining plant, an aluminium 

smelter and a cement kiln.  The top emission source for dioxins was the sinter 

plant, followed by the electric arc furnace. They concluded that the primary 

cancer risk in the district was from the sinter plant. The background risk of dioxin 

was not assessed. This finding from Kao et al (2007) appears to be confirmed by 

another   Taiwanese study of a plant, which treats electric arc furnace dusts to 

recover zinc (Chi et al, 2008). When activated carbon injection (ACI)   was 

adopted in the facility, the PCDD/F concentrations in stack gas decreased from 

4.9 to 0.08 ng-TEQ who/m3. The same   lead author investigated dioxin 

compounds in  reservoir sediments and found that PCDD/F and PCB 

concentrations started to decrease at a depth of 8-10 cm (which  is estimated to 

correspond to 1989) (Chi et al, 2009). The authors attributed this decrease to the 

actions by the Taiwan Environmental Protection Agency between 1983 and 1988. 

 

8. Capuano et al (2005)   examined dioxin levels around a waste to energy 

incinerator in Italy.  The authors found dioxin levels, which are typical of those of 

grazing land in European Union countries. Schuhmacher and Domingo (2006) 

followed up their original   study of an MSW incinerator in Spain that had been in 

operation since 1974 when the incinerator had been retrofitted with more efficient 
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air cleaning devices.  The authors found that the levels and distribution of dioxins 

around the incinerator indicated that the incinerator was not the primary source 

of the dioxins. 

Mari et al (2007) carried out a temporal assessment of environmental 

contamination around a modern hazardous waste incinerator.  The   author’s 

conclusion was that the incinerator did not significantly increase dioxin levels in 

soils around the plant.  

Marti-Cid et al (2008) measured PCDD/PCDFs in foodstuffs in Tarragona (Spain) 

near a hazardous waste incinerator (in operation since 1998).  The   authors 

found that the total dietary intake of PCDD/PCDFs was 27.81 pg WHO-TEQ/day.  

This value was lower than the one in their own 2002 study (63.80 pg WHO-

TEQ/day), which, in turn, was lower than the intake estimated in 1998 (210.1 pg 

I- TEQ/day).  The authors concluded  that the  levels of dioxin were higher prior 

to the installation of the incinerator and concluded that ‘the notable decrease in 

the atmospheric levels of PCDD/PCDFs over the world would explain notable 

differences between the results in the dietary intake in the base line, 2002 and 

current surveys’.  

 

9. It should be noted that ambient PCDD/F   are likely to be prone to seasonal 

variations and , where applicable, to higher levels  in winter because for example 

of household wood burning for heating (Coutinho et al, 2007).  

A ten year surveillance programme on PCDD/F in ambient air in Catalonia, Spain 

showed a total decline of approximately 70% in dioxin levels from 1997/1998 to 

2003/2004 (Abad et al, 2007). 

A national monitoring program of PCDD/DFs around incinerators in Korea found a 

range from 0.02 to 16.41 ng I-TEQ/Sm3 (arithmetical mean value of 3.13 ng I-

TEQ/Sm3) in the air samples (Kim et al, 2008). Soil samples contained on 

average 7.36 pg I-TEQ/g-dry and the PCDD/Dfs contents decreased with 

increasing distance from the incinerators.  However, these incinerators are 
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difficult to compare with their European counterparts because the emission limits 

in Korea are at least 200 times higher that the EU limits, and the stacks are 

considerably lower. 

Cangialosi et al (2008) conducted a comprehensive assessment on an existing 

MSW incinerator in Taranto, Italy using a combination of modelling and 

measurements. They noted that the estimated airborne emissions of persistent 

chemicals such as lead and dioxins are very low (1x10-4ug/m3 and 3x10-11 

ug/m3) respectively and deemed them   insignificant in health terms. They 

concluded that the most important route for dioxin exposure would be via the 

food supply with a maximum carcinogenic risk of   2.19 x10-9 (i.e. extremely 

low). Their overall conclusion was that the incremental risk due to the operation 

of the   plant is very small compared to background levels.  

 

10. It is interesting to compare the above to the results of an experimental 

investigation carried out in Italy on a hospital and cemetery waste incineration 

plant (Mininni et al, 2007).Stack contribution to PCDD/F was typically below 10%, 

with the exception of   the test on cemetery waste where stack contribution was 

16% of total emission.  Even under the experimental conditions, the results 

showed compliance with the EU legislative requirements for all relevant chemicals 

with the exception of CO. The authors suggested that the combustion conditions 

were not properly optimized.  

 

Evidence from biological monitoring 

11. Both for humans and animals the intake of dioxins (and dioxin-like materials) 

is influenced  by the nature of their diet, regardless of age.  Diet high in fat 

(particularly oily fish) will lead to relatively high intake of dioxins, whereas a  diet, 

which is low in fat will greatly reduce the intake of dioxins (and dioxin-like 

materials).  Most dioxins are poorly metabolised and therefore, if absorbed, will 

tend to accumulate in the body adipose tissues until a steady state situation is 
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attained (termed ‘the body burden’).  For children because their body weight is 

increasing with age, the actual concentrations of dioxins in tissues may stabilise 

or even decrease. If a child is overweight or obese, the levels of dioxins per unit 

weight of fat are likely to decrease.           As the most significant   source of 

human exposure to dioxins (97-99% of the total exposure) is through the diet, it 

is interesting to note a study by Chen et al (2006), which examined 1708 serum 

samples from residents (18-65 years old) who had lived within 5 km of one of the 

19 MW incinerators in Taiwan for at least 5 years.  33 of the 1708 participants 

were vegetarian and 6 of them  frequently ate locally produced food.  Lipid 

PCDD/F content was higher in vegetarians than in non-vegetarians (p>0.05) but 

the serum content was lower. The authors concluded that the distribution  of 

PCDD/F profiles were affected by diet regimen rather than the consumption of 

locally grown foods. 

  

           11. The impact of a 1999 incident of  food contamination with dioxins in Belgium 

(not related to incinerators) was assessed by Debacker et al,(2007). Levels of 

dioxin in blood plasma of 232 donors (74% men, mean age 47 years) collected in 

2000 were compared with the Red Cross plasma samples, which were collected in 

1998 before the incident.  The sum of the 17 PCDD/F congeners was considerably 

lower in 2000 compared with 1998, but the total toxicity equivalent remained 

unchanged (22.9 in 1998 versus 23.1 pg WHO-TEQ/g fat, p>0.05). The authors 

concluded that although the 1999 dioxin incident was traceable in the plasma 

profiles, the changes were too insignificant to cause an adverse effect on public 

health. 

 

12. Comparison of blood samples taken in 1993  of individuals living around an 

old MSW incinerator with that of a control population in Germany for the 

concentrations of chlorinated dibenzodioxanes and dibenzofurans (dioxins) 

(PCDD/F) was done by Demi et al, (1996).   The incinerator in this investigation 
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had been in operation since 1983 and performed rather poorly as far as emissions 

of dioxins were concerned.  This meant that locally grown food was contaminated. 

However, the authors of this study found no significant differences between the 

exposed and the control populations.  They concluded” no additional health 

hazard for the inhabitants due to PCDD/F emissions from the MWI may be 

derived from the results”. 

In another investigation of the blood levels of dioxins in a local population 

Spanish authors compared measurements made in individuals before and for two 

years after a new MSW waste to energy plant became operational (Gonzales et al 

2000, a). The emission level of dioxins at the start-up of the  plant was 

2.5ng/Nm3 .  Two population groups were selected: one living within 1.5km of 

the plant and the other 3.5-4km away. There was a control group, which lived in 

an area without an incinerator. All three populations showed increased blood 

levels of dioxins over the two-year period regardless of the distance from the 

incinerator.   

 

13. The same trend of an increase in dioxin levels was   described by other 

Spanish researchers in other areas of the country in the late 1990’s. (Domingo et 

al, 2000, 2001). This trend was not observed in the UK and Germany and a 

conclusive explanation of this trend has not been found. 

Nadal et al (2009) compared previous findings of concentrations of (Schuhmacher 

et al, 2004)PCDD/Fs  with concentrations in samples of adipose tissue of 15 

autopsied subjects who had lived in the area of potential impact of that hazardous 

waste incinerator for approximately nine years.  The mean PCDD/F level of 14.6 

pg WHO-TEQ/g fat is comparable to that found in many industrialized countries.  

However, in the previous findings (2004) the mean concentration was 9.9 pg 

WHO-TEQ/g fat. This means that that there was an increase of PCDD/Fs in the 

last five years. The authors do not attribute this increase to the impact of the   

incinerator   because other biological monitors, such as levels in human plasma 
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decreased during the same period (Nadal et al, 2008). The authors also 

concluded that the levels of PCDD/F in plasma are a better biological indicator 

than adipose tissue. 

Measurements of  the dioxin levels of populations living within 1 km of a MSW 

waste –to-energy plant was conducted in Japan by Yoshida et al (2000).   The 

findings were compared with the assessed dioxin levels of the general population 

in the country. The results showed a trend to lower levels of dioxins in the blood 

lipids and milk lipids in the residents around the   MSW waste- to -energy plant 

than the average for the general population. Levels of dioxins were very variable 

within each population. This meant that different routes   of  dioxin exposure 

were likely . The authors concluded that living close  to a modern waste- to- 

energy plant does not result in increased body levels of dioxins. 

The same trend was observed in the vicinity of a modern hazardous waste 

incinerator (Evans et al ,2000). In the test group the blood levels of dioxin 

actually decreased (the samples taken from the   pre-incineration period were 

compared with four months of incineration of the contaminated material) . The 

control group was  15 or more kilometres away from an incinerator. A similar 

reduction but a smaller one was also found in the control population. 

 

14. Levels of dioxins of the local population around two old incinerators in 

Belgium were investigated by  Fierens et al (2003). These   incinerators  had 

been in operation for many years in very different locations, one   in an urban 

area, the other in a rural community.  In both cases a control population was also 

investigated.  There was no difference between the blood dioxin levels of 

residents around the urban incinerator compared to individuals in a control urban 

community.  But in the case of the rural incinerator the local population had 

significantly higher blood levels of dioxins than the rural control group.  The 

differences were explained by the relatively high consumption of fatty foods of 

local origin in the rural populations compared with that of the urban communities.  
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The authors concluded that ‘extrapolation from these data suggests that a 

significant increase of dioxin body burden is only likely to occur when emissions 

exceed 5ng TEQ/Nm3’.  This emission limit was 50 fold higher than the current 

standard for stack emissions. 

A later study of Fierens et al (2007) confirmed their previous findings and found 

that around the old-type incinerator, which has been working since the early 

1980s, there were considerable levels of dioxins in the food chain, especially in 

cow’s milk in nearby farms. Therefore the local residents who had the highest 

local fat intake showed almost a doubling of the dioxin body burden. However, 

the authors stated that the values remained lower that the levels found in 

individuals regularly eating seafood. 

 

15.  Similarly, Pirard et al (2005) found that   in the vicinity of an old incinerator 

(in operation since 1974) levels of dioxin in blood were higher in the local 

population, than in a control group. 

A Korean study, which investigated risk factors affecting blood PCDD/Fs near an 

industrial incinerator suggests that traditional agricultural practice of burning the 

ridges and banks of rice fields in winter and spring as well as the past use of 

pentachlorophenol (PCP) contaminated with PCDD/Dfs as an herbicide in rice 

fields (Leem et al, 2006). 

A Japanese research study on the relationship between the dioxin levels in 

mother’s milk (30 days after delivery) and the distance to the nearest incinerator 

found  no  apparent correlations even though at the time of the research waste 

incinerators were the largest source of dioxins (Tajimi, 2005). The study showed 

that the dioxin levels actually fell as the distance between home and waste 

incinerator facility shortened.  The authors noted that individual milk samples 

were taken in the summer months, thus seasonal variations in mothers’ diets and 

milk produced were not taken into account. 
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Two studies conducted   in Portugal  found no increase in either blood levels or in 

breast milk in the local population   in the vicinity of modern incinerators 

compared to a control population (Reis et al 2007a, 2007b). 

                        

Studies of exposure of incinerator workers 

            16. A comparative Korean   study of dioxin in the serum of incinerator workers 

(28 individuals, many of them in contact with fly ash) and 38 individuals living 

near industrial waste and municipal solid waste incinerators (with 7 individuals as 

controls, living 10km away)  found that the  mean TEQwho were the highest in 

the  lipid) (Parkindustrial incinerator workers(41.57 pg TEQwho g- et al, 2009). 

These levels were almost double in comparison to those measured in residents 

near the incinerator area. The authors admitted that most of the incinerator 

workers were male, whereas 69% of residents were female and that serum levels 

of dioxin were higher in male than in female participants, but the differences were 

not statistically significant.  No correlation of dioxin serum levels with age was 

observed. 

  An earlier Korean  study, which involved serum samples from 103 participants 

(28 of the workers of municipal solid waste incinerator) found no significant 

differences between the workers and the residents as far as PCDD/F levels in 

serum were concerned. (Moon et al, 2005) 

 A similar  study ,which involved 30 incinerator workers, 51 residents and 11 

controls examined polybrominated diphenyl ethers in blood and found no 

significant differences between workers and the general population (Lee et al, 

2007). 

 

Conclusions regarding dioxin exposure 

17. Measurements of dioxin in air around waste incinerators that are performing 

to current EU emission standards indicate ambient air levels that are 
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indistinguishable from those in other urban locations. There is little or no 

indication of increased blood or other breast milk levels of dioxins. 

Numerous studies also show that background dioxin levels have been falling in 

food  over the past decade. Kulkarni et al (2008) stated’ over the past several 

years there has been a shift in the major sources of dioxins in large part due to 

regulations and focused voluntary efforts.’  

 The published literature in relation to modern incinerators may be summarized 

as follows: 

- No   detectable increases in blood levels or umbilical cord blood samples; 

- No   detectable increases in contamination of plants or animals; 

- No   measurable increases in soil or air levels. 

 

PARTICULATES AND ULTRAFINE PARTICULATE MATTER 

(NANOPARTICLES) 

 

18. Consideration of particulate matter should take account of two key factors: 

*  the size distribution and shape 

*  the chemical composition and surface properties. 

It needs to be recognised that once particles are released from a source of any 

kind they will tend to change characteristics over time due to processes such as 

agglomeration and de-agglomeration, adsorption of substances to the surface, 

solubililisation, photo-degradation and oxidation. 

 

19. Measurement of particles in ambient air have tended to  

concentrate on the particle size distribution. In the past 15 or so years particles 

have become one of the most studied air pollutants. Epidemiology findings have 

indicated a close correlation between sudden large increases in the levels of 

particulate matter (in particular PM10)  in ambient air and sudden changes in the 

incidence of respiratory and cardiovascular disease and mortality. 



60 

 

PM10 is defined as suspended particulate matter (SPM) with a median diameter 

of less than 10μM. Thus it includes particles of a range of sizes from very small (a 

few nanometres) to 10 micrometres. In the last ten years attention has been 

given to smaller particles and their health effects viz: 

• PM 2.5 (particles less than 2.5micrometres in diameter) 

• PM 1.0 (particles less than one micron in diameter) 

• PM 0.1  particles less than 100nanometres in diameter also called ultrafine 

or nanoparticles).  

Since these other particle sizes are included in PM10 measurements in the 

following sections PM10 is used as a collective terms unless there is a specific 

study where a subset of particle sizes has been determined. It should be noted 

that there is an ongoing debate on the size and nature of the particles that should 

be monitored for public health protection purposes. From a practical point of view 

PM10 measurements are still favoured because the equipment to measure PM10 

is widely available and because the present standards set by the Europe Union 

refer primarily to PM10. It should also be noted that our understanding of the 

relationship between airborne particle levels and health impacts is based on 

PM10.  

 

20. Sources of PM10   are numerous however it is clear that the majority of 

particles are combustion generated or combustion derived. (Cormier et al, 

2006)Combustion generated particles are those arising directly from emissions eg 

soot. Combustion derived particles are those formed from secondary atmospheric 

reactions including particles with a high sulphate and nitrate content. Sources of 

PM10 range from   the burning of candles to motor vehicles and power station 

emissions. Not surprisingly the composition is also heterogeneous. Thus particles 

may incorporate metals and other inorganic substances such as salt, carbon, 

hydrocarbons, dioxins and/or polycyclic hydrocarbons. It has been estimated that 
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around 35% of ambient air PM2.5 is in the form of organic and elemental carbon. 

Soot is comprised of spherical particles typically in the rage of 20-50nm. Thus it 

is likely that the particulate matter in the great smog incident included many 

ultrafine particles. 

 

 Environmental monitoring 

21.  In terms of ambient air, the amount of ultra-fine particles is rather similar in 

urban and rural areas, with as much as 106 to 108 nanoparticles per litre of air 

depending on conditions. In rural areas these particles mostly originate from the 

oxidation of volatile compounds of biogenic or anthropogenic origin (for example, 

fuel burning). Domestic wood burning, agricultural burning, forest fires also have 

relatively high particulate matter emissions (Lewtas, 2007).  In urban areas, the 

primary sources of these particles are diesel engines or cars with defective or cold 

catalytic converters. Photo-oxidation processes also lead to significant numbers of 

ultra-fine particles in urban areas. 

 

 22. Real-time   measurements show that aerosol concentrations range between 

104 to   106 particles.cm-3, with the majority of the particles by number being less 

than 50 nm in diameter. The highest particle number concentrations and smallest 

particle size are associated with high-speed road traffic, (due to the subtle 

conditions during concomitant cooling and dilution of the exhaust gases). 

Emission factors for gasoline vehicles ranged from 1.9 to 9.9x1014 particles.km-1 

and 2.2x1015 to 1.1x1016 particles.kg-1 fuel (Kittelson et al 2003). It has been 

observed that larger   particles are associated with emissions from heavy-duty 

traffic (such as diesel vehicles) and particles in the range 30–60nm show a 

stronger association with light duty traffic. Both of these size fractions show the 

anticipated dilution effect with increasing wind speed. The number of  particles 

being emitted   depend too on the speed of the vehicle.  
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23. Buonnano et al (2009) have summarised the findings from various authors in 

terms of particles per kilometre travelled at 120km per hour. Values of 1x1013 to 

73x1014 particles emitted per km travelled were estimated. 

 Increased levels of fine particles may also be found in the vicinity of industrial 

plants (including power stations and cement works). (Wieser and Gaegauf ,2000). 

These authors   evaluated different wood combustion systems with respect to 

emissions.  Particle sizes were mainly in the range of 30 to 300 nm. Particles of 

less than 300 nm did not add much to the total particle count in flue gas. Total 

particle numbers for automatically fed burners were smaller than with manual 

operation.  Around 95% of the particles were smaller than 400 nm. The most 

frequent size of the particle number concentrations for batch operated appliances 

is approximately 110 nm, whereas the particle distribution changes significantly 

during the burn cycle. 

 

24. Nanoparticles are also present in some dyes (e.g. carbon black used in car 

tyres), in food, in cosmetics and in an ever increasing range of commercial 

products (SCENIHR 2006). 

External sources of particulate matter tend to be higher than those found indoors 

(Hoek et al 2008). However, since most people spend the majority of their time 

indoors particles in indoor air represent a very important source of their 

exposure. Important sources of fine particulate matter indoors include: gas and 

electricity cooking (Dennekamp et al 2001, Mitsakou et al 2007), domestic 

heating (particularly from wood fires), use of candles and passive tobacco smoke.  

Dennekamp et al (2001) examined the impact of cooking on airborne levels of 

ultra-fine particles (UFP). The levels generated by gas and electric cooking 

appliances were found to be similar to those measured outdoors during incidents 

of very high pollution (i.e.:  increased levels of > 20 μg/m3 or more). In a survey 

of around 500 offices, levels of respirable particles (which roughly approximate to 
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PM10) ranged from 28-133 μg/m3. The air in a normal room in domestic premises 

may contain 10,000 to 20,000 nanoparticles per cm-3    

 

           

          METALS 

            25. Contamination of plants can occur simply by deposition or due to a 

combination of deposition and uptake. Lead is a good example of the former 

whereas cadmium is representative of the latter group. Collett et al (1998) 

examined cadmium and lead levels in air and soil in the vicinity of a small 

incinerator (for MSW and clinical wastes) and an animal carcass incinerator. As 

these incinerators were small, their performance was not   strictly monitored.   

For cadmium, however, there was “neither a marked nor extensive contamination 

of the samples taken from around the incinerator”, nor was the spatial 

distribution of cadmium such as to implicate the incinerator.   Lead levels in 

surface soil showed an increase downwind of these plants in comparison with the 

background levels for the area, but the levels remained “well within the typical 

range of lead in rural, unpolluted British soils”.   

 Ferre-Huguet et al (2007) studied the levels of a range of metals in both soil and 

vegetation around a new hazardous waste incinerator in Spain.  They concluded 

that   the operation of the incinerator did not result in a significant source of 

metal pollution in the area. There are many studies   about the levels of metals in 

soil and/or plants around “old” incinerators.  In the past, detectable increases in 

soil levels of lead, cadmium, mercury and arsenic were found. But the actual 

increase was generally rather modest compared with “typical” urban soil levels.  

For example, a study in the locality of an old  incinerator in London  stated that in 

comparison to the observed background levels the findings showed “neither a 

marked nor extensive cadmium and lead contamination downwind of the 

incinerator” (Alloway, 1990).  
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susceptible to exposures to incinerator emissions’. A follow-up study Hazucha et 

al (2002) reached a similar conclusion.  

 

3. Gray et al (1994)  compared the prevalence of asthma and atopy, using a skin 

prick test, in children living around a sludge burning incinerator and in a control 

area. No significant differences were found. 

Miyake et al (2005) examined the possible contribution to respiratory symptoms 

(and some other effects) in young Japanese school children whose schools were 

near incinerators. The symptoms studied were headache, fatigue, stomach ache 

and asthma; most of which are rather subjective and very difficult for medical 

practitioners to identify. The authors conclude that the presence of a school close 

to the incinerators causes a small increase in the prevalence of one or more of 

the symptoms. It is noted that these symptoms are very common. Moreover, 

they are steadily increasing in Japan and  may   be a result of various exposure 

scenarios. Lifestyle factors are usually cited as the main contributor to the 

prevalence of such symptoms. The study relied on the information from 

questionnaires,   completed by parents, on the subjective and somewhat non-

specific symptoms of their young children. The authors stated that in a previous 

study of similar design they found a correlation between the level of symptoms 

and the availability of medical services. They, therefore, use the proximity of 

hospitals and clinics as a correction factor to the raw data. While this might be a 

reasonable approach for allergy it is much more questionable for symptoms such 

as stomach-ache, fatigue and headache. Socio-economic deprivation is a very 

important risk factor for the  above symptoms. However income tax  is the only 

factor used   in this study to compensate for deprivation factors. 

Miyake et al (2005) did not take into account many important factors.  Exposure 

was based on the proximity of the school attended by the children rather than 

how close their home was to an incinerator. Wind direction was not considered. 

From the paper it would appear that some incinerators  were performing to a 
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much lower standard than that required of  a modern incinerator/waste to energy 

plant (e.g. around 6% showed more than  800 times greater emission levels of 

dioxins than the current EU/UK regulatory limit). The authors did not consider any 

other possible sources of chemicals.  However the study assumed (without 

justifying this)   that the impact of traffic emissions, industrial emissions, and 

domestic air quality balanced  out because of   the range of urban settings 

involved. In view of the problems described above in controlling the confounding 

factors and bias and the absence of due consideration of alternative explanation 

of the findings it is premature  to conclude that there is a link between exposure 

to emissions to the incinerators and adverse effects on the respiratory system.  

 

4. The consensus view is that emissions from a modern incinerator are most 

unlikely to cause   adverse effects on the respiratory health of the local 

population. For example the UK Health Protection Agency (2005) stated that’ 

there is little evidence to suggest that incinerators are associated with increased 

prevalence of respiratory symptoms in the surrounding population. 

 

         Effects on reproduction and the developing foetus 

5. A number of chemicals have been demonstrated experimentally to cause 

effects on the organs that produce hormones (termed as ‘endocrine disruption’). 

Potential effects of endocrine disruption include alterations in the rate of sexual 

development, fertility and foetal abnormalities. Whether at current total exposure 

levels these chemicals cause adverse effects in humans is very controversial. 

Dioxins are considered to be endocrine disrupters.  

However, the main contributor to foetal abnormalities might be  genetic (Grech 

and Gatt 1999).  The overall level of congenital abnormalities in the UK is 

generally rather constant from year to year.  Non-genetic risk factors  (such as 

age, previous medical history, use of drugs) are also important (Brennan and 
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Young 2001).  Some   chemicals have been shown to produce foetal 

abnormalities when administered at high daily dose levels to laboratory animals 

(Klaassen, 1996).  They include: medicines such as anticoagulants, angiotensin 

converting enzyme inhibitors, retenoids, anticonvulsants, anticancer drugs, anti-

thyroid drugs, some antibiotics (e.g.  tetracycline).  

6. Staessen et al (2001) conducted a study on sexual development  by measuring 

a number of chemicals in the blood/urine, early health related markers of kidney 

and DNA repair and sexual development  in teenagers from one rural community 

(Peer) and two urban communities in Belgium (one of them had previously had 

two poorly performing, MSW incinerators). The study investigated a much higher 

number of parameters than is normally the case in epidemiological studies.  The 

aim was to examine the correlation between air pollution and early markers of 

possible   health effects.  However,   no measurements of air pollutants were 

conducted. Therefore, it is impossible to judge whether the adverse health effects 

were due to airborne emissions from the two incinerators (or perhaps to air 

pollution in general). If the incinerators were an important cause of the effects on 

the local population, there should be no statistical differences between other 

parameters, which might be responsible for delayed sexual development.  

It is highly unlikely, therefore that the changes in parameters of sexual 

development were related to the previous incinerator activities. Furthermore, 

these two incinerators were performing to a much poorer emission standard than 

modern incinerators. The same research group   (Nouwen et al, 2001) published 

a subsequent paper, in which the authors concluded that it was unlikely that 

there was a risk to the local population from airborne   emissions from the two 

incinerators. 

 

7. Dolk and Vrijheid (2003)   reviewed the epidemiological studies for correlations 

between congenital   abnormalities and exposure to chemicals associated with 
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environmental pollution and considered a number of possible causes and 

contributory factors.  The authors concluded that there are relatively few 

environmental pollution sources for which strong conclusions can be drawn 

regarding their potential to cause congenital abnormalities.  

There have been several retrospective cohort studies on the risks of neonatal 

complications and congenital   abnormalities to mothers, who live near 

incinerators.  Dummer et al (2003) investigated almost a quarter of a million 

births in Cumbria between 1956 and 1993 in relation to proximity to incinerators 

and crematoriums.  They found an increased risk of congenital anomaly, in 

particular spina bifida (odds ratio 1.17, 95% CI: 1.07 to 1.28) and heart defects 

(odds ratio 1.12, 95% CI: 1.03 to 1.22) around incinerators. There was also an 

increased risk of still births (odds ratio 1.17, 95% CI: 1.07 to 1.28) and 

ancephalus (odds ratio 1.05, 95% CI: 1.00 to 1.10) around crematoriums.  The 

authors could not infer a causal effect from the statistical associations reported in 

this study, but it must be noted that the studies relate to incinerators performing 

to much more lax emission standards than are currently applied to incinerators in 

the UK. 

 

8. A study, conducted in Taiwan, researched the relationship between exposure to 

PCDD/Fs and birth outcomes for 1991 and 1997 (Lin and Mao, 2006).  A total of 

6697 and 6282 for each of these years were included in the analysis.  The study 

concluded that the dioxins generated by the incinerator did not have an impact on 

birth weight.  The exposed group was in the districts with annual averaged 

PCDD/Fs exposure of > or = 0.03 pg TEQ/M3.  The control group was in the 

districts with an estimated concentration of almost zero dioxin levels.   

  

A Japanese study of adverse reproductive outcomes (in relation to proximity to 

63 municipal solid waste incinerators) did not find any statistically significant 

outcomes within the distance of 2 to 10 km from the    incinerators (Tango et al, 
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2004).  However, it showed a peak-decline in risk with distance for infant deaths 

with all congenital malformations combined. 

   

9. A meta-analysis of findings around 70 incinerators, which operated for at least 

one year between 1988 and 1997 in France involved, in total, around 50 

thousand people (Cordier et al, 2004).   The data indicates that the rate of total 

congenital anomalies is not significantly higher in exposed   communities 

compared to non-exposed ones. As a reference population, 2678 unexposed 

communities were studied.  Adjustment were made for maternal age, family 

income and when available, local road traffic.  An upward (non- statistically 

significant) trend was observed for obstructive uropathy.  A dose-response trend 

of risk with increasing exposure was observed for cardiac and skin anomalies.  

However, these changes varied linearly with road traffic density.  In interpreting 

their findings the authors do not exclude misclassification and residual 

confounding factors.  They also acknowledged that if any of the effects they had 

observed were real, they might be ascribed to old style MSW incinerators. 

 

10. University of Durham researchers conducted a study in a population around 

the Byker (Newcastle- upon-Tyne) waste combustion plant (Cresswell et al, 

2003).  The inner zone population was defined as residents living within 3 km of 

the Byker plant and this group was compared with those living within 3-7 km 

from the plant.  Between 1985 and 1999 there were 81255 live births and 1508 

births with chromosomal and non-chromosomal congenital abnormalities.  Rate 

ratio was adjusted for socio-economic deprivation.  No significant overall 

association between the number of congenital abnormalities and geographical 

proximity to the plant was found in the study.  The authors stated that there was 

an increasing trend of marginal significance (p= 0, 07) in some of the later years 

but could not interpret that trend.   
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 Cancers 

i) non-Hodgkins lymphomas 

11. In the case of diseases that take a long time to develop and there are many 

potential contributory risk facts it is inevitable that there will be significant 

variations in the findings of different epidemiology studies. findings.  This is often 

due to variations in the confounding factors that are taken into consideration.  

Michelozzi et al (1998) could not find a trend in non-Hodgkins lyphomas near 

incinerator plants.  Viel et al (2000) studied the incidence among the public of 

soft tissue sarcomas and non-Hodgkins lymphomas over a period from 1980-

1996 around a single French MSW incinerator and came to a different conclusion.  

This old incinerator produced emissions 160-fold higher than the current EU 

emission standard.  The authors identified clusters of such cancer incidence 

(values of 1.44 and 1.27, cf.  Control   population of 1) in an area which included 

the incinerator. 

 Zambon et al (2007) investigated  the incidence of sarcomas in a case control 

study involving individuals living in an area which had some 22 incinerators of 

various kinds as well as a number of other industrial plants. The data was 

collected in the 1990’s and relates to old incinerators. They found an increased 

incidence of sarcomas which they attributed to dioxins. No direct evidence was 

put forward to link the sarcomas either  to the incinerators nor to dioxins 

however. 

In a  follow- up investigation a 2.3-fold risk of non-Hodgkin’s lymphoma was 

found in the surrounding area of a MSW incinerator, which has been operating 

since 1971 (Floret et al, 2007).  However, the authors were not able to identify 

the source of PCDD/F contamination as MSWI.  Another study in Italy (also on a 

single old incinerator) found an increase in the incidence of lung cancer among 

the population living close to the plant.  They also found an increased incidence of 

cancer in a different location, close to the city centre (Biggeri et al, 1996).  
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12. A Finnish research project which studied the association between soft-tissue 

sarcoma and dioxin identified that the highest risk of sarcoma was found at low 

levels of dioxin concentration (Tuomisto et al, 2004).  The average dioxin 

concentration was 33.4 ng/kg (range 4.4-145.5) in  110 patients and 227 area- 

and age-matched controls. No increased risk associated with increased dioxin 

concentration was found. 

 

ii) Adult cancers particularly liver cancer 

13. One of the best conducted studies on possible adult cancer risks was that of 

Elliott et al ,1996.  They used postcode data to investigate the cancer incidence 

among 14 million people living near any of the 72 MSW incinerators in the UK.  

All the incinerators involved predated 1980 and some were in operation in the 

1950’s.  All were performing to much less strict standards than currently required 

by legislation.  Elliott used distance of residence from the incinerator as the 

indicator of exposure.  Thus, the incidence of cancers observed and expected (i.e. 

expected at overall national cancer rates) was assessed using 7.5km from the 

incinerators as the cut off point.  A statistically significant trend for a decline in 

risk was observed with increasing distance from the incinerators for all cancers 

combined (and for stomach, liver and lung cancers specifically).  It is well known, 

however, that socio-economic factors have a marked influence on cancer rates.  

When allowance was made for socio-economic deprivation scores in each location, 

the number of cancers was generally comparable to the control group.  In other 

words no adverse effects could be identified. 

 In another study Elliott et al (2000) re-examined the liver cancer data based on 

assessment of the pathology findings.  They noted a number of misdiagnoses of 

liver cancers.  Their conclusion was that there might have been an increased 

cancer risk of between 5.3 and 7.8 cancers per million  population per year for 

those residing within one kilometre of the oldest incinerators.  Whether these 

cancers were initiated or exacerbated by emissions from the incinerators remains 
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uncertain, since many were also located close to other industrial activities. 

 

iii) Child cancers including leukaemias 

14. Knox (2000) studied possible health risks to children from both landfill and 

incineration emissions employing the same data source as that available to Elliott 

et al, 1996.  However, the study focused exclusively on child deaths from cancer 

(both solid tumours and leukaemia’s).  The methodology employed to investigate 

the risks was also very different.   In contrast to Elliott et al, (1996) who 

compared local cancer incidence rates against the national rates, Knox used a 

methodology, which he devised himself.  This methodology depended on the 

identification of the child’s address at birth and at death from cancer related 

causes.  The proximity of both addresses to a putative risk source was then 

determined.  This methodology avoids some potential confounding factors.  The 

rationale for the two sub-populations is Knox’s hypothesis that children are most 

at risk from exposure to carcinogens in utero and very early childhood.  If this is 

accepted the number of children in group (1) should be greater than that in group 

(2).  Knox defines ‘no identifiable risk’, as the condition in which the ratio of 

children migrating to and away from a putative risk source between birth and 

death from cancer related causes is 1 (termed as ‘the relative risk’).  For hospital 

and MSW incinerators, industrial plants, which use solvents and high temperature 

combustion sources the relative risks were found to be greater than 1.  Knox’s 

overall view was that with proximity (7.5-km) to old MSW waste incinerators and 

old hospital incinerators there was a small increased relative risk for children to 

develop cancer.  It is important to note that in the Knox study, if ten very old 

incinerators (built before 1955) are omitted, the relative risk for the remaining 

incinerators is 1.  This means there is no identifiable increased cancer risk.  Knox 

acknowledged that this ‘seemed to exonerate the more modern plants’ (built in 

the 1960’s and 1970’s). 
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Knox (2005) continued his investigation on the relationship between atmospheric 

pollution and childhood cancers.  Using fatal childhood cancers in the UK between 

1966 and 1980 he has shown a relationship of the cancers to sites of industrial 

combustion, VOC’s use and associated engines exhausts.  A principal concern 

appears to be combustion of oils.  His findings do not detract from his original 

conclusion that modern incinerators do not constitute a risk for childhood cancer.  

 

15. It has been recognised that higher numbers of cancer cases are expected in 

areas with higher population density (Cangiolosi et al, 2007).  Using the 

IARC(2003) standardized rate for additional cancer mortality over a lifetime 

referred to 100,000 people and related to the considered pollutants is 0.463 (or 

4.643 x10-4). This should be put in the context of the total risk of mortality from 

lung cancer from all causes, which is 1 in 7 of all recorded deaths. 

The cancer risk from old incinerators and estimates of possible impacts of modern 

incinerators is set out above (Dioxins). In reality the cancer risk estimates are for 

risk from all chemicals emitted not simply dioxins. Thus the conclusion by Elliott 

et al  (2001) that there might have been an increased cancer risk of between 5.3 

and 7.8 cancers per million  population per year for those residing within one 

kilometre of the oldest incinerators applies to the total emissions not just from 

dioxins. Whether these cancers were initiated or exacerbated by emissions from 

the incinerators remains uncertain, since many of the old incinerators were also 

located close to other industrial plants. 

 

16. Biggeri et al (1996) identified a correlation between the incidence of lung 

cancer and proximity of an incinerator to location of domicile. However, the study 

did not adjust fully for various confounding factors, such as lifestyle factors and 

especially smoking. In another review the authors stated that there is no clear 

relationship between childhood cancer and incinerator emissions, even if some 

results were statistically significant (Franchini et al, 2004). 
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         17. The UK Committee on Carcinogenicity (COC, 2000) considered the cancer risk 

from living near a municipal solid waste   incinerator.  Its conclusion was ‘any 

risk of cancer due to residency near to   MSW incinerator is exceedingly low and 

probably not measurable by the most modern epidemiology techniques’. 

In case of dioxins, the magnitude of this increase of risk of all cancers appears to 

be low and no statistically significant increase in any particular type of cancer has 

been identified.  Other consequences reported in humans after a substantial 

dioxin exposure include increased incidence of cardiovascular disease and 

diabetes although other studies challenge this conclusion. In workers a persistent 

skin condition (termed chloro-acne) may occur handling contaminated materials. 

In animals dioxin is a teratogen. There is clear evidence of immune suppression 

following exposure as a foetus.  However, there is no good evidence among 

exposed communities such as the Sevaso population of impaired immune 

competence.  In other human studies there is some rather limited evidence of 

effects on the immune system.  There is insufficient information from human 

studies to determine the threshold level directly. Dioxin  are identified in a 

number of studies as an endocrine disrupter, a property it has in common with a 

number of persistent polyhalogenated aromatic chemicals. 

 

18. Chen et al (2008) have noted in Taiwan, a relation between body burden of 

PCB’s (some of which are dioxin like) and a small, reduction in insulin sensitivity 

in pregnant women. However, some evidence that a previously observed small 

abnormalities in levels of thyroid hormones and liver enzymes in a particular 

population group have become normalised over time (ten Tusscher et al 2008).  

Nishijo et al (2008) investigated in Japan, a number of parameters of   foetal 

development and dioxin levels in breast milk. No correlation was found with infant 

height, weight or chest circumference. There appeared to be a negative 
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correlation with head circumference. 

 

Basis for the Standard 

19. Dioxins are generated from many processes as trace contaminants.  The 

levels of individual congeners (related structures) of dioxins vary considerably by 

source.  In view of this fact a standardised form of expressing the overall toxicity 

is required.  The internationally accepted form is to use Toxicological Equivalents 

(TEQs), which is based on an allocation of a toxicity rating to each congener (so 

called toxic equivalency factor TEF)).  The most potent - 2, 3 , 7, 8- 

tetrachlorodibenzodioxane (TCDD) - is assigned a value of 1 and the remaining 

17 dioxin congeners with chlorine in the 2, 3, 7 and/or 8 positions are assigned a 

value lower than 1.  A TEQ for a particular source can be calculated using 

measurements of the percentage of each congener in the total amount of dioxin, 

and its concentration. In addition to these congeners, WHO (in its revision of the 

TDI for dioxins) (Van Leeuwen and Younes, 1998; Van den Berg et al, 1998) has 

included 12 dioxin-like polychlorinated biphenyls (PCBs) within the overall TEQ 

scheme.  Unlike dioxins, PCBs were until recently manufactured for a variety of 

industrial and commercial purposes. Although much less potent in toxicological 

terms, in some food sources the levels of PCB’s can be much higher than the 

levels of dioxins. The WHO-TEQ value therefore defines the summation of the 

product of the concentrations of 17 dioxin congeners and 12 dioxin-like PCBs and 

their respective toxic equivalency factors (TEFs). 

 

18. Ingestion is the exposure route in relation to dioxins. In 1998 the World 

Health Organisation (WHO) proposed a revised Tolerable Daily Intake (TDI) of 1-

4 pg/kg body weight for dioxins, on the basis of a comprehensive review of the 

health effects of these chemicals (Van Leeuwen and Younes, 1998). A monthly 

intake standard of 70pg/kg body weight per month was proposed by JECFA. The 

WHO emphasised, in its analysis of the risks from dioxin exposure at different 
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levels that (as far as the protection of the public is concerned), and it is the 

exposure over a prolonged period of time (rather than short term fluctuations in 

levels) that is important. Most countries have not set ambient air quality 

guidelines or standards for dioxins in air and have concentrated on applying the 

WHO standards for dioxins in food instead.   However, Japan uses an annual 

ambient air standard of 0.6 pg/m3 (Environmental  Panel, 1999) while in the 

State of Connecticut, USA, an ambient air limit of 1 pg I-TEQ/m3 has been 

adopted for some time. (Rao  and Brown, 1989).   Both values have a degree of 

in built conservatism.A lifetime cancer risk estimate is between 1x10-2 and 1x10-

3 for a 1pg lifetime exposure. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



81 

 

 

 

 

                              APPENDIX 8  

 

 

                         RISK PERCEPTION 

 

 

 

 

 

 

 

 

 

                             

 

 

 

 

 

 

 

 

 



82 

RISK PERCEPTION 

1. It is somewhat ironic that as our society and other industrialised nations gives 

more emphasis to making life safer and healthier many members of the public 

have become more, rather than less, concerned about risk (Slovic, 1997). There 

is a vast literature on the perception of risk, however, only a limited consensus 

can be identified. 

There are several possible psychological responses to exposure to a chemical 

namely: 

 

• Anxiety related to the direct toxicological effects of the exposure 

(“psychophysiological”) 

• Anxiety related to the  odour. This may occur  at levels insufficient to 

cause direct toxicological damage, but enough to trigger anxiety and 

hence symptoms.  This depends upon a person’s cognitive appraisal of the 

odour – ie fear.  

• A classic Pavlovian conditioned response that is initiated by direct 

toxicological exposure (the unconditioned response) but then is triggered 

by subsequent conditioned stimuli, again usually odours.  This might also 

occur after exposure to odour alone, if that was associated with sufficient 

fear/dread to cause symptoms by a normal psychophysiological response. 

• Mass sociogenic illness  (or “mass hysteria”): There is no direct exposure, 

but anxiety related to the exposure causes the development of symptoms 

in an epidemic form, which are usually related to anxiety, and are rapidly 

propagated by psychological mechanisms.  

 

Trigger factors- odour 

2. A release of an odorous chemical lasting no more than a minute or two can 

trigger annoyance.    
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Several studies have examined the relationship between odour annoyance and 

perceived health effects.  In a number of these a significant positive relationship 

has been observed between odour perception, worry, stress and reported 

symptoms such as headache, nausea, and eye and throat irritation.  

It is evident that people’s belief that odours can influence their mood or health 

may lead them to perceive such consequences when they are exposed to an 

odorant and may help to trigger actual effects (Luginaah et al 2002).  It has also 

been shown that if: 

• A few people claim that they can detect an odour other people may 

start to believe they can smell it too even if no odour is present. 

• If there is prior exposure to an odour under unpleasant circumstances 

subsequent exposure to the same substance may trigger strong annoyance 

(Knasko 1997). 

 

3. The conclusion of Luginaah et al (2002) is that the relationship between 

exposure and reported symptoms is caused by the perception of the odour rather 

than a direct effect of the chemical on the body tissues. 

This view is supported by the World Health Organisation which states  that odour 

annoyance ‘cannot be regarded as an adverse effect in a strict sense although it 

does affect the quality of life’ (WHO, 2000).  Three forms of odour guideline have 

been identified by the WHO: 

• intensity where the detection threshold limit is defined 

as the lower limit of the perceived intensity range 

• quality where the recognition threshold value is defined 

as the lowest concentration at which the odour can be 

recognised correctly 

• acceptability and annoyance where the nuisance 

threshold value is defined as the concentration at which 

not more than a small proportion (less than 5%) 
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