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LAY SUMMARY

1. This report considers whether the proposed power plant might have any

adverse effects on the health of the local population as a result of emissions

from the plants chimney.

The proposal to introduce any new industrial plant into an area understandably

produces a reaction among members of the community. The proposed power

plant involves combustion of biomass. Such plants use well established

technology but there is little published data on their human health and

environmental impacts. Consequently as a worst case scenario the literature

on incinerators may be used to provide a very conservative (i.e. erring

strongly on the side of safety) risk assessment.

This is unfortunate in that incinerators have accumulated a bad reputation

because in the past they produced black smoke and caused measurable

contamination of the environment. Historically they were also identified as a

major source of a family of highly toxic and persistent chemicals known as

dioxins. Over the past twenty or so years however increasingly strict legislation

on permitted airborne emissions has been introduced to prevent such

pollution. As a result incinerators are now a minor source of dioxins and indeed

of other environmental contaminants (called in this report the ‘chemicals of

interest’) in the UK.

2. A critical issue in evaluating the literature is to consider whether airborne

emissions from the operation of energy from waste plants, which comply with

the regulatory limits, could result in a health risk to the local community.

It is essential, to any assessment of health risks, to appreciate that it is not

simply whether the chemical of interest is present or absent that is important

but whether there is significant exposure to it. In other words we need to know

not only about the toxic (hazardous) properties of each chemical of interest

but also the situation(s) under which members of the local population might be

exposed to it. Frequently concerns about health risks are raised in the popular

press because of confusion between the hazardous properties and actual risk.

It is a fact that all chemicals both naturally occurring and man made are

hazardous but that the exposure determines whether or not they will produce

adverse effects on health.

It is also important to recognise that pure air, pure food and pure water do not

exist in reality. We are exposed daily too many thousands of chemicals the
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to energy plants using comparable technologies to the proposed plant that

comply with the EU/UK regulatory emission levels no detectable increases in

levels of either metals or dioxins have been found in either humans, in local

food or in soil and other plants. The literature also identifies that background

levels of dioxins and metals in such samples have been falling for a number of

years.

ib) What the published literature tells us about the likelihood of

adverse effects occurring.

5. The possibility that individuals, who live close to an incinerator, may suffer

various adverse effects has been investigated by many researchers

(epidemiological studies). There is some rather limited evidence that very old,

poorly performing incinerators, in some locations may have caused some

adverse health effects. However, there is no evidence of any adverse effects

occurring in populations around modern incinerators. This difference is not

surprising when one considers that these old incinerators were emitting

dioxins and metals at a hundred or more times the levels currently permitted.

ic) What expert bodies say

6. Expert committees of various national and international organisations

have reviewed the health risks from the operation of modern waste to energy

plants. Their conclusions are rather similar that the health risk is anticipated

to be small but that everything is not known. This cautionary remark would of

course also apply to most other human activities. It is noted that recent public

inquiries in the UK on proposed waste to energy plants have, without

exception, concluded that there are no important health issues.

ii) Use and interpretation of the dispersal of the chemicals of interest

7. Computer modelling of the dispersal of chemicals from a point source such

as a chimney stack is a very common practice accepted by the UK and other

regulatory authorities. The purpose of the model is to predict ground level

concentration i.e. those to which people could be exposed. To minimise the

possibility of under estimates of exposure the modelling is based on a worst

case assumption (that is an assumption that in practice are most unlikely to

occur) that: each chemical of interest is emitted continuously from the

chimney stack, at the maximum legally permitted limit for that chemical. In

practice such a plant would inevitably have many exceedences and would lose

its licence to operate.

In the initial assessment of the risk a further worst case assumption has been

made that an individual (described as the hypothetical maximally exposed
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Individual or HMEI) exists in the community. This HMEI lives outside

permanently during the lifetime of the proposed plant and moves around so

they are continually exposed to the maximum exposure levels.

For each chemical of interest this worst case predicted ground level

concentration has been compared against the established standard or guideline

that has been established to ensure a suitable margin for the protection of the

health of members of the public. A conservative approach has been adopted

that an additional safety margin needs to be achieved beyond simply

compliance with the relevant standard. For those chemicals of interest for

which the effects are acute an additional minimum safety factor of 10 has been

used and for chemicals for which the effects may be long- term a minimum

safety factor of 100 is applied. For all but two of the chemicals of interest the

worst case modelled data show that these additional very conservative safety

margins are met. In the case of nitrogen dioxide whose effects are mainly

acute (safety margin 5.48) and cadmium for which the effects of concern are

long- term (safety margin 21.8) further assessments have been conducted

that assess both the contribution of background levels of these chemicals in

the area and the validity of each of the worst case assumptions. Based on this

further assessment it can be concluded that a risk to the health of the local

population from airborne exposure to these chemicals is very unlikely.

8. An additional consideration is whether exposure to a combination of the

various chemicals of interest could result in a health risk. Several combinations

have been examined and the conclusion is that exposure to the so called

cocktail of chemicals is very unlikely to result in an unacceptable health risk

Overall conclusions

9. Based on both the published scientific literature and also air quality

modelling data it is very unlikely that airborne emissions from the

operation of the proposed power plant would produce any significant

adverse effects on the health of the surrounding population.
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1. SCOPE OF THIS HEALTH RISK ASSESSMENT
1.1 Background on risk and hazard

1.1 Every day we are exposed to many tens of thousands of substances/

chemicals in the air we breathe, the food we eat and the water we drink. The

majority of these chemicals are of natural origin. The body does not have any

specific means of distinguishing between natural and man made chemicals.

1.2 It is crucial to any consideration of health risk to the local population,

from the operation of a proposed plant, to recognize that there is a great

difference between a hazard and a risk. ‘Hazard’ describes the intrinsic

adverse properties of the chemical, biological or physical agent of interest.

Commonly, in order for the adverse effects to be realized a high level and /or

extended duration of exposure is required. Every chemical, biological or

physical agent has hazardous properties (regardless of whether they are

'natural' or 'man-made'). However, these properties can differ between agents

both in their nature and in their potency (i.e. the exposure conditions required

to produce an adverse effect(s).

1.3 Risk can be defined as the chance, in quantitative terms, of a defined

hazard occurring (Royal Society, 1992). The ‘risk’ to human health defines the

nature and severity of the effects due to exposure to the chemical, biological

or physical agent under a particular set(s) of exposure conditions. Thus, to

determine whether there is a risk from exposure to substances emitted from

the proposed plant (and if so, the nature and magnitude of the risk)

consideration of the likely exposure conditions (in particular the ground level

concentrations in areas where members of the local populations reside) is

essential.

1.4 Although the distinction between hazard and risk is defined, the two

terms are often confused, especially when the public expresses concerns about

the safety of a particular chemical. An exposure to a particular chemical can be

considered as a hazard but depending on the exposure conditions, the risk

may be insignificant (i.e. close to zero) or significant or substantial. To

determine the level of risk requires good information on the actual/likely

exposure situation.
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1.3 Consideration of the proposed power plant and the chemicals of

interest that may be emitted

1.11 There is very strong evidence that high levels of air pollution can cause

and/ or exacerbate a number of human diseases (see, for example, Lewtas

(2007). Since there are so many sources of air pollution in ambient air and

indoor air the critical issues from a public health point of view are:

* are unique chemicals released into the air as a consequence of a particular

process?

* how much does the process contribute to the levels of air pollution for each

chemical of interest?

Proper management of waste is vital for human health and environmental

protection. No process can however be considered to involve zero risk,

consequently it is the nature and scale of the risk that requires assessment.

Indeed some highly desirable processes such as elements of recycling may

involve a significant health risk.

Waste management in the agricultural sector poses many challenges to society

(Koutcheiko et al 2007). Waste legislation is progressively reducing the

traditional outlets for agricultural waste (such as application to land and use

as animal feed). In parallel, as a consequence of the energy crisis and the

demand for a more sustainable economy, the EU has set targets for the

amount of energy to come from renewable sources. Biomass is recognised as

a major source of renewable energy (Kim and Agblevor, 2007). The proposed

plant aims to contribute substantially to both these objectives for Northern

Ireland.

1.12 The feedstock will comprise litter (bedding, manure, feathers and spilled

food) combined with meat and bone meal. This will be combusted under

closely controlled conditions, using a well established fluidised bed technology.

The process will generate steam to drive a turbine and thereby generate

electricity. The principal final waste product will be ash, which for legal

reasons, has to be disposed of to landfill. In addition, the process will produce

gas that will be extensively cleaned before being emitted to air via a high

chimney stack. As in any combustion process trace amounts of a range of

chemicals will be released and will be rapidly diluted with ambient air.

1.13 This report is concerned with the potential risks to the local population of

the chemicals that are likely to be released in the air (termed the ’chemicals

of interest’). The chemicals emitted from the stack can be considered in two
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Chapter 2. RISK ASSESSMENT BASED ON THE PUBLISHED

LITERATURE

2.0 The methodology used to select papers for review and to weight them is

set out in Appendix 1(p.106). Since there is almost no data on the potential

health and environmental impacts on power plants that use biomass, this

analysis of literature is focussed on incineration plants. It should be recognised

that incinerator plants are ‘the worst case’ scenario for risk assessment

purposes.

2.1 EXPOSURE

2.1 1 Exposure pathways

2.1 Pure air exists only in a purpose- designed laboratory. Regardless of the

locality, man is exposed to thousands of chemicals throughout each 24 hour

period. The great majority of these chemicals are of natural origin. Others are

produced during processing and use of natural materials. In drinking water

trace amounts of many hundreds of chemicals can be detected. Combustion

of wood, coal or oil results in the release of thousands of chemicals into the

air. Yet other chemicals are emitted from furniture and fittings in the home.

All of the chemicals of interest that are emitted from a power plant are also

produced from many other sources.

2.2 There are three potentially important exposure pathways due to the

operation of the proposed power 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 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
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by skin 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.

2.3 Measurement of chemicals of interest in air, soil, plants, water and/or

animals can give important indicators of the location of ‘hot spots’. (i.e. higher

than normal levels). In the case of metals and dioxins, which are highly

persistent in soil, an assessment can also be made of the accumulation of

each chemical of interest over time. Soil levels give an indication of long- term

accumulation, whereas levels in leaves indicate shorter-term accumulation.

The chemicals of particular interest in terms of soil, plant and animal

contamination, are those that are likely to be persistent once absorbed into the

body and could concentrate in one or more tissues (bio-concentration/ bio-

magnification). Research investigations have tended to concentrate on

chemicals with these properties, in particular metals and polycyclic organic

compounds such as dioxins.

2.4 The age of the plant described is a key factor in estimating the probable

exposure. The following data on dioxin emissions from the stacks of

incinerators indicates the importance of considering the years of operation in

the absence of specific data on stack emissions:

* 1950- 1970 20->100 ng/Nm3

* 1970- 1990 5-50 ng/Nm3

* Early 1990s 2-10 ng/Nm3

* Current standard 0.1 ng/Nm3 (i.e. the maximum permitted emission

limit.) This means that in practice emissions will tend to be substantially lower

than 0.1 ng/Nm3.

Thus, the emissions from modern plants are a minimum of 2 orders of

magnitude and probably three orders of magnitude lower than was the case in

the 1950s and 1960’s. Uncontrolled burning is a significant source of new

dioxins today.

For an individual the intake of dioxins and dioxin-like materials is influenced

greatly by the nature of his/her diet. Diet high in fat (particularly oily fish) will

lead to relatively high intake of dioxins, whereas a low fat diet will greatly
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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

until a steady state situation (a constant level) is attained (often termed the

body burden). It may be noted The actual exposure calculated in absolute

terms decreases as the age of a child goes up (when differences in body

weight are allowed for

2.1.2 Exposure of humans

Metals

2.5 The predominant route of metal exposure in humans is the diet. Airborne

exposure to metals is, generally, low (except near metal smelting plants).

Sources of exposure to individual metals are considered below. Metals can

neither be created nor destroyed. Thus, all the metals arising from an

incineration process were originally present in the waste. Most of the metals

passing through an incinerator finish up in the bottom ash or fly ash.

Nonetheless, a small quantity of metals may be emitted to air.

2.6 A number of recent publications have examined the impacts from modern

waste to energy plants on body levels of the chemicals of interest (or their

metabolites). Several investigations have examined the possible

contribution of incinerator emissions on the level of metals in blood. Kurttio et

al (1998) investigated the pattern of mercury distribution around an old

hazardous waste incinerator (not performing to modern standards) which

started operation in 1984. They did so by taking hair samples from members

of the local population. The authors found a small increase in the mercury

levels in the hair of the exposed population, which reduced with distance from

the plant. However, they concluded that “the increase in exposure was

minimal and, on the basis of current knowledge, did not pose a health risk”.

2.7 Gonzales et al (2000) examined the impact of a new MSW waste to energy

plant on blood metal concentrations of the local population in Spain. They

measured four metals - lead, cadmium, chromium and mercury, which in their

opinion, could result in identifiable changes in blood levels compared with a

non-exposed population. A small reduction in lead levels of the exposed

population was observed. This finding probably reflected the increased use of

unleaded petrol in cars in Spain. However, there were no differences in the

blood levels of chromium, cadmium or mercury between exposed and non-

exposed populations. The authors concluded that the waste to energy plant did
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not have a significant impact on metal exposure/uptake of the local population.

Schroijen et al (2008) examined the levels of various chemicals in the blood

and urine of adolescents residing in various urban communities in Belgium.

The study included six incinerators that had been in operation for a number of

years. For one of these incinerators (Wilrijk), the mean level of lead was higher

than for adolescents in the reference area (control group) For the remaining

five incinerators the levels were below those living in the reference area. For

cadmium higher blood levels were found around two different incinerators,

whereas for the others the blood levels were similar to those for the

reference area. Because of the inconsistency of findings between incinerators it

is difficult to draw any firm conclusions regarding the impact of emissions from

modern waste to energy plants on levels of metals in blood.

2.8 A study (by Agramunt et al, 2007) on workers at a modern waste to

energy plant, confirmed that there was no increase for any of the metals that

were analysed for with the exception of vanadium. Indeed the blood levels of

many metals were either below the base line or not detectable. In respect of

vanadium the source was unclear but it was noted that the same increase was

found in the control worker population (laboratory and administrative staff).

2.9 Reis et al (2007c, d, and e) had a very detailed investigation of human

exposure to metals around two modern solid waste to energy plants in

Portugal. They examined levels of lead, cadmium and mercury in the blood

of the general population around the plants and also investigated umbilical

cord and maternal blood for lead. The data on the population living in the area

around the plant was found not to differ significantly from that of the control

population. Moreover, the levels of these metals in blood, was found to be

diminishing with time. The authors concluded that sources other than the

waste to energy plant were the main contributors to the levels of these metals

in the blood. A similar finding was noted for lead levels in pregnant women. A

further investigation of lead levels in six year old children was conducted but

because of the limited data the authors were unable to conclude whether living

in the vicinity might represent an additional significant risk of exposure to lead.

Dioxins

2.10 Demi et al, (1996) compared the concentrations of chlorinated

dibenzodioxanes and dibenzofurans in the blood and milk of individuals living

around an old MSW incinerator with that of a control population in Germany.
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Samples were taken in 1993. The incinerator had been in operation since

1983. The individuals investigated had been exposed to impacts from the

incinerator by both inhalation and through the ingestion of locally

contaminated food over this period. The incinerator was not performing to

current emission standards and the authors indicated that the incinerator had

emitted “rather high concentrations of dioxins in the past”. Nonetheless, the

authors found no significant differences in the results for these two

populations. They concluded” no additional health hazard for the inhabitants

due to PCDD/F emissions from the MWI may be derived from the results”.

2.11 In a study by Gonzales et al (2000, a) an investigation of the blood

levels of dioxins in the local population was carried out. The authors compared

measurements made in individuals before and for two years after a new MSW

waste to energy plant became operational. The emission level of dioxins at the

start of the operation of the waste to energy plant was 2.5ng/Nm3 i.e. 25

times the current emission standard. Two population groups were selected:

one living within 1.5km of the plant and the other 3.5-4km away. The

population showed increased blood levels of dioxins over the two-year period.

However, this increase was also found in the control population.

2.12 This trend of an increase in dioxin levels was observed in other areas of

Spain around the late 1990’s. (Domingo et al, 2000, 2001). This trend was not

observed in other European countries, for example, Germany or the UK.

2.13 Yoshida et al (2000) assessed the body burdens of dioxins in Japan by

measuring the dioxin levels of residents living within 1 km of a MSW waste to

energy plant. The findings were compared with the assessed dioxin levels of

the general population. The results showed a trend to lower levels of dioxins in

the blood lipids and milk lipids in the residents around the waste to energy

plant than the average for the general population. Measurements showed a

wide range of values. This indicated that residents must have been exposed to

other sources of contamination. The authors concluded that living in close

proximity to a modern waste to energy plant does not result in increased body

levels of dioxins.

2.14 Evans et al (2000) studied the blood levels of dioxins in people living in

the immediate vicinity of a modern hazardous waste incinerator. The authors

tried to evaluate whether increased combustion of waste heavily contaminated
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with dioxins would result in increased emission of dioxins in the immediate

environment. The control group was in the same general area but a minimum

of 15 km from an incinerator or any other local potential source of dioxins. 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) A similar reduction (however, it was

a smaller one) was also found in the control population.

2.15 Fierens et al (2003) investigated the local populations residing around

two old incinerators in Belgium, which had been in operation for many years

one in an urban area the other in a rural community. In both cases a control

population was also investigated. The authors found that for the urban

incinerator there was no difference between the blood dioxin levels of residents

around the 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. 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.

2.16 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.

2.17 Two studies in Portugal assessed the impact of dioxins emitted from

incinerators on human health. Both found no increase in either blood levels or

in breast milk in the local population compared to a control population (Reis et

al 2007a, 2007b).

2.1.3 Exposure of plants and animals

2.18 From a literature analysis it is evident that in the 1950s-1970’s

emissions of a number of chemicals of interest from incinerators were very

high compared to modern plants including incinerators. There were also many

other poorly controlled sources of pollution. Progressively controls have been
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tightened on industrial emissions and subsequently there has been fall in

contamination of plant and animal life.

Metals

2.19 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.

2.20 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.

2.21 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.

Dioxins

2.22 Dioxins and other polycyclic chlorinated hydrocarbons tend to concentrate

in the fatty tissues of animals. Low levels are to be expected in plants.

2.23 The most significant source of human exposure to dioxins (97-99% of

the total exposure) is through the diet. Thus the focus of measurements has

been on animals in the food chain. Higher levels of dioxin are found in oily fish

and dairy products in any location.

2.24 Domingo et al (2001) investigated dioxin levels in samples of soil and

vegetation around a MSW waste to energy plant in Spain (with emission levels

of around 2 ng/Nm3.) The authors concluded that PCDD/F emissions from the

MSW waste to energy plant were not the main source of dioxins in local soil or

plants. 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 (60%) decrease in dioxin levels

in local vegetation but a small increase (14%) in soil levels. The authors
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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”.

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

emissions from two old incinerators in Antwerp. Both incinerators were closed

in 1997 because of their high dioxin emission levels. The authors found a

variation in levels of dioxin in the areas around the incinerators and the two

control areas. However, they believed that “other sources contributed at

least partly to the local dioxin contamination of the area” and that “just

residing in the impact area (the area of the incinerators emissions) does not

result in a meaningful risk”.

2.26 Pirard et al (2005) studied an old incinerator with average emission level

of 226ng TEQ/Nm3 i.e. 2000 times the current statutory limit, which had been

in operation more or less continually since 1974. The authors believed that this

incinerator was a likely cause of contamination of soil and eggs in the

immediate vicinity of the plant.

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

(Spain) near a hazardous waste incinerator, which operated since 1998. They

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, is lower than the intake estimated in 1998

(210.1 pg I- TEQ/day). The authors acknowledged that the actual 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’.

2.1.4 Exposure of soil

Metals

2.28 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
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comparison to the observed background levels the findings showed “neither a

marked nor extensive cadmium and lead contamination downwind of the

incinerator” (Alloway, 1990).

2.29 Collett et al (1998) examined cadmium and lead levels in soil in the

vicinity of a small incinerator (for MSW and clinical wastes) and an animal

carcass 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”.

2.30 Rimmer et al (2006) studied the levels of metals and arsenic around the

Byker MSW incinerator in Newcastle upon Tyne. Soil levels of metals,

including arsenic were measured at distances up to 2.5km from the

incinerator stack. 163 samples were collected, with more samples collected

from the down-wind direction. The levels of metals were typical of those of an

urban environment but above those of a designated rural community. Hot

spots were observed for some metals. Potential sources for many of the

hotspots of contamination were identified in a survey of historic land use based

on the maps dating back to 1856.

2.31 Rimmer et al found no evidence of greater concentrations of metals in

soil down wind of the incinerator, and there was no relationship between the

distance from the incinerator and metal concentration. The authors concluded

that they could find no evidence of metal contamination from the incinerator’

in the environment with generally elevated concentrations’

Dioxins

2.32 Domingo et al (2001) studied dioxin levels in soil around a MSW

incinerator in Spain, which was emitting stack levels of dioxins of around 2

ng/NM3 (i.e. 20 fold the maximum level permitted currently in the UK). The

authors concluded that PCDD/F emissions from the MSW incinerator were

neither the only, nor the main source responsible for the presence of dioxins in

local soil.

2.33 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
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ranged from 144-337fgI-TEQ m3 at an urban location to 10-67fgI-TEQ m3 at a

rural site.

2.34 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.

2.35 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 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.

2.36 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.

Polycyclic aromatic hydrocarbons(PAHs)

2.37 There have been several studies of either emissions of PAHs or their

deposition due to incinerators. Colmsjo et al, (1986) found no difference in the

concentrations of PAHs in the air at 900 and 2,500 metres from an incinerator.

Their conclusion was that the incinerator was not a significant contributor to

ambient concentrations of PAHs. It should be noted that this incinerator had

much higher emission levels than is the case for modern waste to energy

plants.

2.38 Sadha and Wheatley (2007) measured the levels of various PAH’s

emitted from the stack of a clinical waste incinerator in the UK. The levels

found were very low. No correlation was found between PAH’s emissions and

CO or other acid gases emissions.

2.1.5 Levels in air

2.39 Levels in ambient air represent very recent emissions from fixed and/or

mobile sources. Because such levels are low such analyses are challenging in

analytical terms. This is particularly the case for dioxins (See Mari et al 2008)
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Union refer to PM10. However, our understanding of the relationship between

airborne particle levels and health impacts is based on PM10. 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). 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. Real-time measurements show that exhaust 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).

2.43 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.

2.44 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) 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.

2.45 Sharma et al (2007) investigated the properties of fine particulate matter

in the hall receiving the waste and the oven of the MSW incinerator. They

demonstrated using in vitro toxicity testing that the particles around the oven





24

2.49 Toxicological studies allow the effects of both pure chemicals and

mixtures to be determined under very carefully controlled conditions (i.e.

confounding factors are minimised). In the past these 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).

2.50 Toxicological studies in humans are limited for ethical and other

reasons. 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.

2.51 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

2.2.1 Effects with a Threshold Dose

2.52 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 adverse effects will not occur.

This is probably the case for all effects (except genotoxicity). Even in this

case there may be a threshold for a number of genotoxic carcinogens.

This level is termed the “Threshold Exposure Level” or ‘Threshold Dose’. It

should be noted that some of the chemicals of interest are essential for health

at low levels e.g. chromium, cobalt. For these there may be two thresholds,

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

phenomenon is sometimes described as ‘hormesis’.
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2.53 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.

2.2.2 Effects with a Non-threshold Dose

2.54 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.

2.55 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. A very conservative

assumption can be made in such cases that this relationship is a linear one.

2.56 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 typically 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.

2.57 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’.



26

2.58 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.

2.59 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; or

-The concentration which produces a particular cancer incidence

2.60 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.

2.2.3 Toxicology of the chemicals of interest

Metals

2.61 Metals are from natural sources. Metals differ from other chemicals in

that they are neither created nor destroyed in the environment. Nonetheless

the form of metals can be altered due to chemical and/or biological action and

this may influence the toxicological properties. An important determinant of

the toxic behaviour is its biological half-life which is a measure of its

persistence in the body. The principal cause of toxicity of metals is the

formation of a bond between the ionic form of the metal and an enzyme(s) or

other essential macromolecule(s) or cell or organelle membrane. A number of

metals are essential for human health, for example, sodium, potassium,

magnesium, manganese, cobalt, chromium, iron, calcium, selenium. Others

exert at least part of their toxic effects by competing with these metals.

Each metal has its own characteristic toxicity profile which is influenced by its

speciation (physical and chemical form). Therefore the toxic properties of each

are addressed briefly in a subsequent section of this report.

2.62 Several metals have been found to be carcinogenic as a result of

investigations among workers in the metal industries these include: arsenic,
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however. The WHO Expert Panel, which set the new guidelines, anticipated

that it is likely to be greater than 1 pg/kg body weight/day.

2.66 Several epidemiological studies were 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 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 low and no statistically significant increase in any

particular type of cancer has been identified. Some even argue, using the

same workplace epidemiology data that dioxins may protect against some

forms of human cancers (Kayajanian, 1999).

2.67 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 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.

2.68 In animals there is clear evidence of immune suppression following

exposure as a foetus. However, there is no good evidence among the Seveso

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.

Particulates - PM10

2.69 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
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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 2004, Oberdörster G et al 2000). However it is by

no means inevitably the case that the nano-form is more toxic than larger

particles (SCENIHR 2006).

2.70 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.

2.71 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). Studies with inhalation of diesel

soot in human subjects support the hypothesis in that they 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.

2.72 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)

2.73 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
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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.

2.2.4 Conclusions (Hazard)

2.74 For metals, dioxins and particulate matter considered here as the

exposure is lowered the severity of the possible effect(s) is reduced. In each

case a threshold has either been identified for its adverse effects or is very

likely based on mechanistic considerations.

2.3 RISK TO THE LOCAL POPULATION AROUND INCINERATORS AND

WASTE TO ENERGY PLANTS

2.75 Studies around power plants such as the proposed plant are very limited.

In part this is because it is anticipated that no effects would be detected.

Information on incinerators can be used instead as a worst case situation. The

majority of human diseases have multiple risk factors. Epidemiology studies

are very important as a source of direct information on the relationship

between exposure to chemicals and the possible risk factors for each disease.

However, epidemiological findings are not simple to interpret because the

level of exposure to a chemical over time is often very uncertain and many

other factors (termed “confounding factors”) may contribute to the incidence

of a particular disease. Epidemiology findings are usually based on a

comparison of an exposed population with a non exposed or low exposed

control group and the findings are reported in terms of relative risk (RR). It is

important to appreciate the strength of any association of exposure with a

particular disease(s) in evaluating such studies. Findings should be considered

both in terms of the size of RR and the level of statistical significance (often

expressed as the confidence interval CI). As a general rule of thumb if RR is

greater than 2 and is statistically significant the association can be deemed as

strong. If RR is between 1.5 and 2 and the result is statistically significant the

association can be considered to be moderate. Lower RR values than 1.5 need

to be interpreted with great caution even if statistically they are significant.

2.76 There have been a considerable number of published epidemiological

studies on populations living around incinerators (see below). However, most
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of these studies relate to old incinerators performing poorly by current

standards and many of them involved hazardous waste incinerators, for

which, in the past, the levels of emissions (and therefore exposure of the local

population), were likely to be higher than for MSW modern waste to energy

plants. These old incinerators did not have the advanced pollution

abatement technology that is an integral feature of a modern plant. This

published data must therefore be viewed as describing a ‘worst case’ situation.

2.77 There are various confounding factors that also need to be identified and

allowed for namely:

(i) Nature and levels of emissions from the plant under investigation since

the plant came into operation. Many epidemiological studies have been

conducted on populations living in close proximity to incinerators, which came

into operation in the period between 1950s and 1980s.

(ii) Other sources of emissions in the vicinity (for example, smelting

works, power stations, crematoria, heavy vehicle traffic) and the history of the

area in terms of past pollution.

(iii) The degree of social deprivation in the immediate area. Social

deprivation includes: employment, housing conditions, and income

(iv) Other life style factors such as diet, exercise and smoking and

drinking habits

2.78 In most epidemiological studies there are no direct measurements of

exposure. Often distance from the plant is used as a surrogate for the level of

exposure and prevailing wind may or may not be taken into account.

The correlation of disease with activities of a point emitting source, such as

An industrial plant may or may not indicate a cause effect relationship.

Clusters of disease can arise randomly and it means that criteria other

than pure statistical significance should be applied in order to interpret

epidemiological findings.

2.79 Occupational exposure has been a particular focus for epidemiological

research on possible health impacts of incinerators. Commonly, exposure
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levels to a chemical or chemicals in workers are 100-1000 times higher than

is the case for the local community. These studies are less difficult to conduct

as workers tend to have more reliable and accessible medical records.

2.80 It is desirable to study large population groups for reliability of findings.

In any study of a local community it is important to identify those individuals

who experience a substantial exposure to the chemicals from any sources.

However, this is not done in many cases. Health effects that have been

reported to be associated with workplace exposure to incinerator emissions in

the past include cancers, ischemic heart disease, altered sex ratio,

hypertension, diabetes, chloroacne and effects on the immune system. Many

of these effects have been postulated to be due to high and sustained levels of

dioxin exposure.

2.81 Numerous exposure factors, such as occupation of each subject (work

activities , as seen above, are a potentially very important as well as personal

habits, type of domestic heating (in particular coal, oil, wood burning), local

sources of exposure to combustion products (e.g. time spent in vehicles).

((Ardevol et al 1999). In respect of dioxins, for example, insufficient

attention has been given to the fact that for the vast majority of the general

public the main source of exposure to both dioxins is not through inhalation

but by consumption of food. Susceptibility factors may also be significant.

These include; pre-existing disease prior to exposure to emissions from the

incinerator, extent of deprivation ( such as income, housing conditions,

employment status, marital status, family history -many diseases have a

genetic component), consistency of medical services over time between the

test population and the control population, individual’s concern about air

pollution (Hunter et al 2003).

2.82 While it is highly desirable from a scientific viewpoint for more studies to

be conducted it is important to recognise the key issues. Since actual health

effects could not be identified in the past (for whatever reason), when

emission levels were 2-3 orders of magnitude higher than today the prospects

of detecting an adverse effect around a modern waste to energy plant if it

occurs at all is even more remote.
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2.3.1 Cancer

2.83 It is not unusual for epidemiology studies to have contradictory
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-Hogkins 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. 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). The problem with single incinerator
studies is that population groups are very small and therefore the
interpretation of findings is problematic.

2.84 The studies discussed below use combined data from a number of
incinerators. 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. Whereas Elliott et al, (1996) compared local cancer
incidence rates against 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
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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).

2.85 Knox (2005) continued his investigation 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.

2.86 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
et al 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.

2.87 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
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initiated or exacerbated by emissions from the incinerators remains

uncertain, since many were also located close to other industrial

activities.

2.88 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.

2.3.2 Effects on reproduction

2.89 In the UK, major congenital anomalies represent 2-4% of births.
A substantial proportion of the foetuses have more than one anomaly.

The main contributor to foetal abnormalities is considered to be genetic
(Grech and Gatt 1999). The overall level of congenital abnormalities is
generally rather constant from year to year (Office of National
Statistics, Annual publications on congenital malformations).

2.90 Non-genetic risk factors that may be important (Brennan and
Young 2001) are:

-paternal and maternal age

-previous pregnancy history

-use of certain medicinal and social drugs (ethanol and cocaine)

-maternal illness e.g. Insulin- dependent diabetes, viral infections with
rubella or cytomegalovirus

-pre-eclampsia

2.91 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) and other chemicals such as lead

and organic mercury, androgenic chemicals, polycyclic aromatic hydrocarbons

(PAH’s) and dioxins.
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2.92 The general view is that a very small number of the total congenital

abnormalities are due to exposure to pollutants. It is impossible to design a

study to eliminate such a possibility. If air pollution is a significant risk factor,

subtle abnormalities of the central nervous system might be anticipated.

(Wormley et al 2004). For such effects exposure to dioxins and PAH’s has

been assessed extensively because of their ubiquity and persistence.

2.93 Over the past decade an increasing number of chemicals have been

demonstrated experimentally to cause effects on the organs that produce

hormones. These effects are termed as ‘endocrine disruption’. Potential effects

of endocrine disruption include alterations in the rate of sexual development,

fertility etc. Whether at current total exposure levels these chemicals cause

adverse effects in humans is very controversial. Dioxins are among the

increasing list of chemicals that are considered to be endocrine disrupters.

Combustion processes are thus one of many possible sources of endocrine

disrupters to the environment

2.94 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 even 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.
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2.95 Dolk and Vrijheid (2003) reviewed the epidemiological studies for
correlations between congenital abnormalities and exposure to
chemicals associated with 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.

2.96 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 244 758
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 (See Glossary of Terms). 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.

2.97 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.

2.98 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, 2004). However, it showed a peak-
decline in risk with distance for infant deaths with all congenital
malformations combined.

2.99 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
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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 uropathies. 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.

2.100 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.

2.3.3 Effects on the respiratory system

2.101 Chronic obstructive pulmonary disease (COPD) is a very
important cause of morbidity and mortality (Mannina, Buist, 2007).
One estimate ascribes 15% of COPD to urban air pollution in high-
income countries and 2% in nations of low and middle income (Lopez
et al, 2006). Cigarette smoking is major risk factor for COPD.

2.102 Hu et al, (2001) investigated possible chronic effects in

communities living near to three separate MSW incinerators in the

USA (all of them performing to much poorer levels than the current

EU standards). The data was gathered between 1992 and 1994. Each

individual in the study was assessed each year using a spirometric

test. Three measures of exposure were used: (1) living in the

community near an incinerator, (2) distance of residence from an

incinerator, and (3) average time spent out of doors. The results were
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not statistically significant between lung function and proximity of

residence to any of the three incinerators However, there was a

statistically significant relationship between a measure of lung

function and exposure to the hazardous waste incinerator in 1994

and the MSW incinerator in 1993. The authors suggested that these

changes could be due to selection bias or changes in exposure. They

also noted that ‘ sensitive subjects with respiratory symptoms did not

appear to be more susceptible to exposures to incinerator emissions’.

A follow-up study Hazucha et al (2002) reached a similar conclusion.

2.103 For other respiratory effects no such correlation with proximity to

an incinerator has been found (Gray et al, 1994) when the authors

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.

2.104 Miyake et al (2005) examined the possible contribution to

respiratory symptoms (plus some others) 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, on

the increase in Japan and have multiple risk factors. 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
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for the symptoms considered. However income tax paid by the family is

the only factor used in this study to compensate for deprivation

factors. Exposure was based on the proximity of the school attended by

the children rather than how close their home was to one or more

incinerators. Wind direction was not considered. From the paper it

would appear that some incinerators were performing to a 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, or indeed

other factors. For example, electromagnetic fields have been

reported to trigger many of the effects of concern. Instead 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.

2.105 There have been several studies that examine the relationship in local

communities between respiratory effects and proximity of residence to an

incinerator. No specific chemicals were identified as a particular concern in

these studies. Biggeri et al (1996) identified a correlation between the

incidence of lung cancer and location of domicile. However, the study did not

adjust fully for various confounding factors. For other respiratory effects no

such correlation has been found (Gray et al, 1994).

2.3.4 Conclusions

2.106 Some statistically significant effects have been found in local

populations living around old, poorly performing incinerators. However,

in none of the studies was it possible to eliminate potentially important

confounding factors. The effects associated with old incinerators may be

summarized as follows:
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- a possible small increase in liver and non-Hodgkin’s lymphomas;

- no increase in overall incidence of foetal abnormalities.

2.107 In none of the studies was the probable causative agent(s)

identified. In the case of modern incinerators performing to EU/UK

emission standards there is no evidence that any adverse effects have

been caused through the emissions to air. Indeed, most authors

consider this unlikely. This conclusion is in line with the analysis of the

exposure findings and the toxicological data reviewed above

2.4 EXTRAPOLATION FROM TOXICOLOGICAL AND EXPOSURE

FINDINGS

2.108 The published data on exposure that has been reviewed above does

not give any indication of detectable contamination of soil, plants or animals.

Nor does it show an increase in blood levels of dioxins and metals of

individuals living in proximity to modern incinerators. Consequently, this data

cannot be used for risk assessment purposes apart from the general conclusion

that the risk from airborne emissions due to a modern incinerator is very low.

2.109 Cangialosi et al (2008) conducted a thorough assessment for an existing

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

measurements. They noted that airborne emissions of persistent chemicals

such as lead and dioxins are estimated to be 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.

This reinforces the conclusions drawn above from the epidemiology

investigations.

2.5 VIEWS OF SCIENTIFIC BODIES

2.110 The UK government, in common with a number of other

governments, has commissioned reports and additional research in an

attempt to clarify the risks associated with modern waste to energy plants
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(e.g. municipal solid waste incinerators). None have raised new concerns

about adverse health effects from waste to energy plants.

2.111 The Institute of Environmental Health (IEH) following the meeting of

experts in 1997 stated ‘no consistent pattern of ill-health has emerged from

studies of incinerator workers or populations living near incinerators. Any

future epidemiological studies investigating the health effects of living near

incinerators should be designed so that small increases in risk can be detected

and should adequately account for the various confounding and modifying

factors.’

2.112 The UK Committee on Carcinogenicity (2002), a group of independent

scientists, considered the cancer risk from living near an incinerator. Its

conclusion was ‘any risk of cancer due to residency near to municipal solid

waste incinerators (MSWI’s) is exceedingly low and probably not measurable

by the most modern epidemiology techniques’. The committee concluded too

that there was no need for ‘further epidemiological investigations of cancer

incidence near MSWIs’

2.113 The US National Academy of Sciences Committee (2003) investigated

the relationship between incineration and health and concluded: ‘the studies of

which the committee is aware, that did report finding health effects had

shortcomings, failed to provide convincing evidence. That is not surprising

given the small population typically available for study and the fact that such

effects, if any, might occur only infrequently or take many years to appear.

Although emissions from newer, well run facilities are expected to contribute

little to environmental concentrations and to health risks, the same might not

be true of some older or poorly run facilities’

An earlier report by the Institute for European Environmental Policy (2001)

came to a similar conclusion.

2.114 The DEFRA Report (2004), reviewed all the available UK data on the

health and environmental effects of waste management. The report pointed

out that the data should be viewed in the light of the benefits of collection and

disposal of the wastes. If waste were not collected treated and disposed of, it

would become a source of disease, odours, litters and pests. Nonetheless, the

DEFRA Report recommends that a number of research studies are conducted in
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order to improve current understanding of health implications of waste

disposal.

2.115 The DEFRA Report (2004) also attempted to quantify the total impact of

waste disposal (by all methods) on the entire UK population. It concludes ‘on

a national scale, taking into account the amount of waste managed by each

process at present, emissions to air from waste management are estimated to

result in approximately five hospital admissions for respiratory disease per

year and one death brought forward due to air emissions per year in the UK as

a whole. Emissions to air are forecast to result in a much lower increase in the

incidence of cancers: only about one additional case every 500 years’.

2.116 Their overall conclusion is that ‘while the information is incomplete and

not ideal, the weight of evidence from the studies so far is that present-day

practice for managing municipal solid waste has at most a minor effect on

human health and the environment’. The review ‘did not find a link between

the current generation of municipal solid waste incinerators and health effects’.

It stated that ‘the current generation of waste incinerators result in much

lower levels of exposure to pollutants and no evidence for a link between the

current generation of incinerators and the incidence of cancer, respiratory

diseases and birth defects was found’. Finally, the report compares the risk

from waste management against other risks such as traffic and firework

display accidents. The report found that emissions from municipal solid waste

are much less significant than these other hazards. The Waste Strategy for

England (2007) expresses a similar view. ‘Concern over health effects is most

frequently cited in connection with incinerators. Research carried out to date

shows no credible evidence of adverse health outcomes from those living near

incinerators. The relevant health effects-primary cancers- have long incubation

times, but the available research demonstrates an absence of symptoms

relating to exposures twenty or more years ago, when emissions were much

greater than they are now’. In line with these views is that of the UK Health

Protection Agency (2005) which states’ there is little evidence to suggest that

incinerators are associated with increased prevalence of respiratory symptoms

in the surrounding population. Modern well managed incinerators will only

make a very small contribution to background levels of air pollution’.

‘Epidemiology studies, and risk estimates based on estimated exposures,

indicate that the emissions from such incinerators will have little effect on

health’.
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2.117 The conclusion from these reviews by expert panels is that there is no

identifiable risk to the health of the local population from emissions from

incinerators performing to current UK/EU standards.

2.118 Despite these expert assessments there are various individuals/groups

that are unable to accept these conclusions. Their reports are often not peer

reviewed and in most cases they are not published in the scientific literature.

It is therefore rather difficult to evaluate the quality of the information

supporting their concerns.

2.119 A commonly cited paper is that by the British Society for Ecological

Medicine (2004). This has been reviewed by the UK Health Protection Agency

(HPA), which can be summarised as follows:

- The report presents a selective and limited use of the scientific literature;

- It makes number of misleading statements and fail to distinguish adequately

between hazard and risk;

- It fails to apportion impact to actual sources and makes a number of

unsubstantiated claims.

The HPA, having reviewed all the evidence, concludes that ‘contemporary and

effectively managed and regulated waste incineration processes contribute

little to the concentrations of monitored pollutants in ambient air’ and that

‘emissions from such plants have little effect on health’.

2.6 PROSPECTIVE ASSESSMENTS OF PROPOSED PLANTS

2.120 There have been several publications in which an assessment has been

made of the potential impacts of proposed incinerator/waste to energy plants

both in the UK and elsewhere. Virtually all of these have used comparable air

quality modelling and risk assessment methodology to that set out in chapter 3

for the proposed plant in Glenavy. As illustration a summary of an

investigation into several proposed UK plant is considered here.

2.121 Richards and Chen (2006) assessed the potential health impacts of an

waste to energy plant, designed to burn 52,500 tons of refuse derived fuel

(RDF) annually (assuming current EU regulations on emissions are in force).

Making the worst case scenario that the plant could emit the maximum
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permitted levels of every chemical of interest throughout the normal operating

period, they calculated the impact on the local population of 25,000. They

estimated that if the plant operated for 25 years it might contribute to a

cancer increase of 0.018 per million of population. In addition, 0.46 deaths

might be brought forward due to sulphur dioxide and 0.02 deaths brought

forward due to particles. The overall risk of dying as a consequence of the

plants operation calculated to be 2.49x10-7. The above figures (which are

based on a worst case exposure estimate) should be considered in the context

of those for acceptable risk (see chapter 4). The conclusion is that the impact

of the proposed plant on the health of the local community would be negligible.

2.122 Possible health issues in relation to proposed incineration/waste to

energy plants have been considered in great detail at a number of Public

Inquiries over the past few years. The Inspectors Reports have consistently

concluded that the health risk is not significant. For example, at the

Portsmouth incinerator Inquiry (2002) the Inspector ‘considered the issue of

health risks from the emissions from the proposed plant in great detail’ and his

conclusion was that ‘I consider there would be very little risk to the health of

the surrounding population’. A similar conclusion was reached at the

Riverside Inquiry (2004). It is appropriate to consider the conclusions of the

Inspectors and HMG in regard to health aspects for incinerators appeals that

have been turned down in recent years. Two such cases are Hull and

Kidderminster.

2.123 Town and Country Planning Act 1990 (section 78). Appeal by Waste

Recycling Group plc. Land off Foster Street, Stoneferry Park, Kingston upon

Hull application number 00026438. The inspector (Smith 2004) accepts that

the atmospheric dispersion modelling system (ADMS) is conservative and

usually produces results towards the ‘worst case’ approach and in practice, the

levels of air pollutants are much lower than forecast levels. He concludes that’

the results of the prediction revealed that air quality in the locality would

comply with all health based air quality standards and guidelines with or

without the appeal project’. The inspector notes that although there was a

perception that the impact of the incinerator will be substantial in making the

air quality in Hull much worse, ‘this perception did not appear to be grounded

in objective evidence’ He states that ‘for dioxin and furans the predicted

exposure levels would be less than 1% of the UK Government’s recommended

standard and only 6% of the levels prescribed in the EC Waste Incineration
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Directive’.

The Inspector also remarked on the general acceptance of all parties involved

of ‘a specified limits approach to pollution together with desire for effective

regulation by competent authorities’. Even in a situation of plant failure short-

term emissions levels would still be within relevant air quality standards and

guidelines. Taking overall impact of the plant, the Inspector stated that ‘it

would be unlikely that there would be any increase in deaths and only a small

number of hospital admissions for respiratory illness attributable to exposure

from PM10 emitted by the proposed incinerator’. He came to similar

conclusions in relations to sulphur dioxide, hydrogen chloride, hydrogen

fluoride, carbon monoxide, volatile organic hydrocarbons, polycyclic aromatic

hydrocarbons and heavy metals. The Inspector believed that the relationship

between ‘the presence of incinerator and poor health statistics is of mere

inference or coincidence as opposed to statistical correlation’.In conclusion, the

Inspector had no objections to the proposal in terms of air quality, health

effects and risk.

2.124 In response to the Inspector’s report, the First Secretary of State (2003)

agreed with the Inspector’s conclusion on health effects and that the proposed

plant would not conflict with the pollution control objectives. He also accepted

the Inspector’s conclusion that the levels of risk were ‘tolerable’ and would be

properly controlled.

2.125 Town and County Planning Act 1990. Appeal by Mercia Waste

Management ltd. Site at British Sugar Site, Stourport Road, Kidderminster

In the Inspector’s report, (Smith 2002) it was concluded that the emissions of

the pollutants of most concern (nitrogen dioxide, particulates, sulphur dioxide,

ozone, metals and dioxins) would be extremely small. He stated that ’dioxin

emissions have reduced 100 fold from UK incinerators in 5 years and they

now produce only 0.52% of UK dioxin emissions, about 1/50th of those from

the iron and steel industry and 6% of the dioxins from one bonfire night’.

He accepted the DETR Panel on Air Quality Standards decision not to have a

new PM2.5 standard for fine particulates. He also stated that there is no

evidence that the extremely small contribution to dioxin intake arising from the

proposal would take the body burden above 2 pg/kg/day level recommended

in the UK by the Committee on Toxicity (COT). The Inspector believed that

epidemiological studies do not reveal any clear indication of the health effects

on nearby population from modern incinerators. The Inspector ‘placed little
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weight on the fact that the appeal site was close to a residential area of

acknowledged social deprivation’.

2.6.1 Conclusions

2.126 It can be concluded from an analysis of the relevant scientific literature

as well as Public Inquiries information that for those incinerators operating to

modern emission standards there is little or no indication of increased blood or

environmental levels of either dioxins or heavy metals. This is not surprising if

the permitted emission levels are compared with those of the early part of the

1990’s and those in operation in the 1950’s to 1980s. In respect of the

epidemiology findings it should be emphasized that most studies refer to

effects around old, poorly performing hazardous incinerators.
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described as the “cocktail effect”). This can be evaluated based on an

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

3.8 There is a danger that the use of an HMEI scenario becomes so unrealistic

that it has no practical relevance. 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.

3.1.2 Tier 2 - realistic worst case assessment

3.9 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 tier 2 must not, however, be interpreted as meaning that a

health concern has been identified in tier 1. The conservatism is retained by

using the same air quality modelling data unless it is very evident that it is not

credible in practice.

3.10 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 plant 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. Consideration of the contribution of background levels to the

levels of any chemical of interest that passes into tier 2 is appropriate (where

suitable data is available).

3.11As 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.
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3.19 The modelled maximum 8hr value as a running mean for carbon

monoxide is 11.3 ug/m3. The corresponding standard is 10,000ug/m3. This

gives a safety value of 885. This is a very large safety margin and it is evident

that a tier 2 assessment is not needed for carbon monoxide.

3.2.1.3 Conclusion

3.20 The very large safety margin demonstrates that the emission of carbon

monoxide from the proposed plant will not constitute a health risk to the local

population.

3.2.2 Hydrogen chloride and hydrogen fluoride

3.21 Hydrogen chloride and hydrogen fluoride, in the presence of moisture are

acidic. Hydrogen fluoride is the stronger acid. In contact with food these acids

are rapidly neutralised. Thus, the only relevant routes of environmental

exposure from a health risk viewpoint, to these two chemicals are inhalation

and dermal contact. The inhalation route is, by far, the most important one.

Current levels of these two acids in ambient air in the UK are not considered to

be a public health concern therefore no routine measurements are made of

their levels in urban environments. The main adverse effect is inflammation

of mucous membranes. If present in air at sufficient concentrations these two

chemicals will cause acute irritation to the eyes nose, throat and respiratory

tract (due their acidic properties). For each of these effects a threshold can be

identified.

3.2.2.1 Basis for the standards

3.22 The Environment Agency has identified a short term EAL of 800µg/m3 for

hydrogen chloride and 250µg/m3 for hydrogen fluoride. The Expert Panel on

Air Quality Standards (EPAQS) has recommended slightly stricter short-

term EAL of 750µg/m3 for hydrogen chloride and 160µg/m3 for hydrogen

fluoride

3.2.2.2 Tier 1 assessment

3.23 The modelled hourly mean value for hydrogen chloride is 1.64 µg/m3

while the value for hydrogen fluoride is 0.17µg/m3. Using the stricter EPAQS

value leads to calculated safety factors for short term exposure to hydrogen

chloride and hydrogen fluoride respectively of 457 and 941. It is evident that
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epidemiology of dioxins appear. Although dioxin levels in food and the general

environment throughout the western world have been falling (and this fall is

predicted to continue), frequent evaluations of acceptable levels of these

chemicals are made by a variety of national and international bodies because

of public concern and/or as new information becomes available. Many of the

new studies showing effects of dioxins come from the Far East, where

pollution levels have been rising in many areas.

3.73 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 correlation with head circumference.

The overall conclusion of these and many other studies is that at body burden

levels, within an order of magnitude of those in the general western

population, subtle adverse effects may occur. However it should be noted that

body burden of dioxins have been falling over the past two decades in Europe

and this trends appears to be continuing. This is confirmed by a DEFRA review

(2004), which stated that even in a rural environment increased deposition of

dioxins from an incinerator would not be expected to be a concern with regard

to health.

3.3.8.1 Basis for the Standard

3.74 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
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calculated using measurements of the percentage of each congener in the total

amount of dioxin, and its concentration

3.75 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).

3.76 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 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.

3.3.8.2 Tier 1 assessment - air

3.77 For airborne exposure, the modelled maximum annual average ground

level concentration of dioxins is 0.71 x 10– 6 ng/m3. If the stricter of the two

available air quality standards (i.e. the Japanese standard of 0.6 pg/m3) is

used, the safety margin is 845 As the results of Tier 1 assessment indicate

a negligible risk; there is no need for Tier 2 assessment.
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3.96 Calculated lifetime carcinogenic risk for the total intake from inhalation
and food consumption of relevant chemicals of interest based on conservative
estimates

3.97 Exposure to chemicals of interest through air and food due to emissions

from the proposed plant will not result in any significant health risk to

members of the local population.

3.5 Consideration of combination of chemicals

3.98 The existing literature on the effects of mixtures of chemicals is limited.

There is no generally agreed basis for predicting when additive effects are

likely to occur. As illustration of this there are several references to the

partial inhibition of the carcinogenicity of PAHs by zinc, copper and selenium.

Equally, there are some data suggesting moderate augmentation of

carcinogenicity of such hydrocarbons by cadmium, chromium, cobalt and

arsenic. Some metals such as manganese and calcium in turn appear to

antagonise the carcinogenicity of other metals such as nickel and cadmium.

Some enzyme inducers have been shown to either inhibit or potentiate the

carcinogenicity of various organic carcinogens depending on the timing of

exposure to each (e.g. the combination of dimethylnitrosamine and

phenobarbitone). The UK Committee dealing with the issue of mixtures stated

that there is insufficient information to identify a general approach to assessing

the risk from exposure to mixtures of chemicals (IARG, 2002).

3.99 The UK Advisory Group on the medical aspects of air pollution episodes

(MAAPE, which later became COMEAP) produced a report on ‘health effects of

Chemical
of
interest

Farmer
adult

Farmer
child

Fisher
adult

Fisher
child

Resident
adult

Resident
child

Arsenic 3.1x10-6 6.9x10-7 1.5x10-6 4.5x10-7 1.42x10-
6

4.39x10-
7

Cadmium 3.1x10-7 6.9x10-8 2.7x10-7 6.5x10-8 2.0x10-7 5.6x10-8
Mercury ---------- --------- --------- --------- --------- ---------
Lead 3.4x10-8 9.1x10-9 1.1x10-8 4.1x10-9 1.1x10-8 4.1x10-9
2378
dioxin

2.8x10-7 5.9x10-8 6.4x10-8 1.1x10-8 4.8x10-
10

2.6x10-9



73

exposure to mixtures of air pollutants’ in 1995. The committee noted that

predicting the effects of exposure to mixtures was difficult. ‘No clear evidence

of synergism between pollutants at the concentrations studied was found,

although interactions may have been underestimated. MAAPE (1995) made no

recommendations as to how mixtures of chemicals in air should be addressed.

3.100 Where there is no scientific data on inhibition or synergism in the toxic

action of mixtures, the conservative approach has been adopted for this proof

that the toxicity of individual chemicals may be additive where this is

appropriate. Additive effects should be expected when the individual

components of a mixture act on the same organs or cell types or receptors.

This approach is used to determine the TEQ for dioxins.

3.101 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).

3.102 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.

3.103 The HSE approach can be used to gauge the increased risk arising from

the fact that the stack emissions will contain a mixture of chemicals rather

than a single chemical. For example, using ground level concentrations as the

C-terms and the EAL’s as the L-terms in the above equation, it is found that
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the acute exposure Hazard Index for mixtures of acute irritants (hydrochloric

acid, nitrogen dioxide, sulphur dioxide, particulates) in air is 0.23 i.e. very

substantially below the value of 1. This assessment assumes that all chemicals

exert their toxicity in an additive manner. This is a very unlikely scenario.

Since the value is substantially below 1 it can be concluded that possible

additive effects are unlikely to result in a significant health risk.

3.104 A further ‘worst case’ approach is to calculate the increase in cancer risk

if the worst case assessments of the risk from each carcinogenic chemical are

summed. This approach has been adopted for the carcinogenic metals and

organic chemicals (benzene and dioxins). Adding the estimated lifetime risk

from exposure from each chemical gives a total lifetime risk of 3.74x10-6.

This is well below the bench mark level of around 1 in 14,600 (i.e.1 in a million

annual risk –see chapter 4) used by many governments in considering the

acceptability of various new products and processes.

The scientific basis for identifying pairs of chemicals that are relevant to this

assessment, where synergism may occur, has yet to be established.

In practice the above approaches to assessing risk from exposure to mixtures

probably overestimate the risk because (a) continuous exposure to maximum

levels of a particular mixture is not likely; and (b) no account is taken of

possible antagonistic effects between emitted chemicals.

3.5.1 Conclusion

3.105 Even using very conservative methodology (i.e. approaching worst case

assumptions), for each of the chemicals of interest it is evident that the risk

from airborne exposure and a combination of exposure through air and food is

not significant in health terms. Consideration of exposure to combinations of

these chemicals indicates a very substantial safety margin .
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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.

4.2 Comparison of the risks of other waste disposal options

4. 8 It is important to recognise that the feedstock for the proposed plant had

previously been recycled as a fertiliser for agricultural purposes. However,

unlimited use of this type of fertiliser may result in waterways eutrophication,

and high levels of nitrate in drinking water, emission of greenhouse gases

and spread of pathogens (Kelleher et al, 2002). Since metals can neither be

created nor destroyed, this means that they are returned to the land. The

land application of such fertiliser may lead to uptake of metals by plants,

resulting in residues in the food produced on that land. Through absorption,

ingestion bioaccumulation processes both animals and humans are exposed to

these residues. Similarly, dioxins are ubiquitous in the environment and

inevitably the feed stock contains dioxins. Incineration both destroys dioxins

but also creates them. There is an ongoing debate as to whether the mass

balance favours de novo formation of dioxins over destruction (Giugliano et al,

2001). Alternative means of the management of the poultry litter and MBM

also need to be considered not only in terms of the effectiveness of control

measures to protect humans and the environment but also in the light of what

will happen to the metals and the dioxins. For example, neither composting

nor anaerobic digestion avoid the problem of the final fate of these persistent

chemicals.

4.9 In a study of emissions from composting poultry litter it was found that

high water and nitrogen content result in reduced composting temperatures

and excess production of odour and VOCs (Turan et al, 2007).

In this study of in-vessel composting with a controlled aeration system it was

found that VOCs were generated at the highest levels during the composting

period (less than 5 days) and then the levels were greatly reduced. Alkanes

and alkylated benzenes were the highest in emissions, followed by aldehydes,

terpenes, and ketones. These compounds were a result of deposition as well as

decomposition.
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4.10 A review paper by Kelleher et al (2002) warned that anaerobic digestion

of poultry litter needs to be well-controlled as excessive levels of ammonia

and/or high pH or temperature can inhibit methane production. Therefore

energy generation may be affected. Adsorbents or surfactants can be used to

enhances digestion. However, these substances are not cheap and other

methods need to be found.

4.11 In a study of emissions modelling of fluidised bed co-combustion (FBC)

of poultry litter and Irish peat it was found that concentrations of air

pollutants decreased with use of the correct ratio between fluidising and

secondary air (Henihan et al, 2003).

4.12 Co-firing poultry litter with coal was analysed in a laboratory-scale

fluidized bed combustor in Western Kentucky University (Songgeng et al,

2007). It was found that the ratio of H2S/SO2 increases with increasing

fraction of Cl. The authors suggested that high levels of Cl may reduce NO

emissions due to the larger amount of released volatile matter which

suppresses the formation of NO and introduction of secondary air contributes

to lower pollution emissions. A study conducted in Spain found that the

concentration of gases released, such as Cl2 and SO2 were approximately 6

and 4 mg/kg of poultry burnt (Davalos et al, 2002).

4.13 It can be concluded that the controlled combustion of poultry litter offers

potential significant benefits, in terms of environmental and human

protection, compared with other methods for the management of this waste.

4.3 Perception of risk

4.14 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

limited consensus can be identified. It has been shown that many external

factors influence an individual’s perception of the risk from a particular site or

a proposed site for industrial or other activity. A major influence on concern

has been shown to be the individual’s personality. It follows that in any

community there will be a range of opinions based on personality traits.

Some individuals will offer their opinions readily other individuals may be

reluctant to give their true views. It is also the case that there is no ‘correct’
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opinion as perceptions of risks and benefits tend to be very personal.

4.15 The interest of the media may reinforce sensationalism over the balanced

view in the search for a ‘good story’. Thus, the media often stimulates public

concern about an environmental issue, where there is no reasonable evidence

of risk. It is noted that concerns about the impact of building a new plant, such

as waste to energy plant, in an area are common particularly where there is a

well organised opposition to the plant. This has been the subject of much

research in a number of countries (Lima, 2004).

4.4 Perception and health

4.16 The understanding of the relationship between the perception of risk and

ill health (including mental health) is far from clear despite many publications

on the subject. Investigations into public reaction to nuclear accidents have

been the focus of particular research and illustrative in this respect. The

findings may be summarised as follows: the less an individual feels they are in

control over their own lives the more they are likely to suffer emotional

reactions, such as stress, worry and discomfort (Renn, 1997). Interestingly,

personality also affects the way individuals exposed to a similar risk report

their symptoms (Wasylkiw and Fekken 2000). It was observed that the most

vulnerable groups in this respect are the fatalists followed by the egalitarians.

Furthermore, race and gender differences influence the individual’s response

to perceived risks (Satterfield et al, 2004). Subjective experiences of

vulnerability and injustice heighten perception of risk and therefore occurrence

of symptoms. Often adverse effects on mental health are expressed by a

degree of somatisation i.e. the expression of some physical symptoms often

affecting more than one organ.

4.17 It is important to appreciate that experiencing adverse health symptoms

is very common. For example, one study among women in South London

found that reported symptoms of ill-health were experienced on average

every three days (the most common symptoms being headache and

tiredness). Both these symptoms are often ascribed to environmental pollution

although there are many other more likely causes/contributory factors. It is

also the case that a surprisingly high proportion of the population consider

themselves to be particularly sensitive to chemicals. For example in one study
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among US College students 28% believed that ‘they were especially sensitive

to certain chemicals’ (Wessely, 1997).

4.18 Another factor in the development of reported symptoms is the effect of

neighbourhood on health outcomes (Oakes, 2004). Since the middle of the 19th

century scientists have garnered evidence that environmental conditions

of specific neighbourhoods impact on health outcomes (Chadwick’s

observations on drinking water in London). Yet, the causal effect of

neighbourhood on health remains a very difficult area to study. An

interesting example of this occurred in a Tenessee town some years ago

following a complaint from a woman about illness that was affecting her and

her family. She blamed her ill- health on the fact that there was an old waste

dump in the area. Subsequently, following enquiries from the press and the

consequent wide publicity, many other local residents started experiencing

similar symptoms. However, it was found that the toxic waste site was in fact

not in this area and no evidence of environmental toxicity was detected.

Despite this several local residents continued to believe they had unusual

health problems attributable to the ‘ghost dump’ (Wisely, 1997)

4.19 Often adverse effects on psychological well being are expressed by

somatisation i.e. the expression of physical symptoms often affecting more

than one organ. An individual whose is suffering themselves or has a family

member who is a sufferer of an illness is likely to look for an explanation,

which is close to home rather than think of it in terms of random distribution

(Renn, 2004). As expressed by Wessely (1997) ‘many are surprised by just

how vehemently some people hold their views concerning the role of the

environment in their particular illness. This can be particularly surprising given

the uncertainties that exist in the scientific literature. However, to rationalise

the illness and bring some degree of understanding into a painful situation is

comforting for many people. Therefore, anyone who challenges or is seen to

challenge these beliefs is in effect attacking the legitimacy of the sufferer’s (or

close family’s) experience.

4.20 Slovic et al (2004) has stated that people base their judgements of the

risk involved not only on what they think about it but also on how they feel

about it. Present heightened awareness, as a consequence of articles in the

popular press, that the environment factors can cause adverse health effects

may strengthen the belief that an individual’s symptoms are due to the local
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environmental situation. The above arguments should not be taken to mean

that the health effects experienced by the individual are ‘not real’ to the

individual involved. No matter how irrational they may appear, these

symptoms represent part of an individual’s life.

4.5 Uncertainties in the estimation of the risk

4.21 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

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 concentrations. Clearly neither assumption is realistic.

4.22 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.

4.23 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. 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
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an important component of the 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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significant environmental contamination and are without any detectable

adverse effects on the surrounding communities.

5.4 To examine the validity of this conclusion for the proposed plant, the

dispersion of the airborne emission of each chemical of interest has been

modeled by The Airshed. This modeling approach errs strongly on the side of

caution. The conservative estimated ground level concentrations of each

chemical/chemical class have been compared against the appropriate health

based standards/guidelines. In each case a substantial margin of safety is

evident. In other words the levels emitted from the proposed plant, even

making a number of ‘worst case‘assumptions, are much lower than the

standard.

5.5 The possible impact on members of the local population has also been

examined from a combination of airborne exposure and consumption of locally

grown food that might have been contaminated as a result of the operation of

the proposed Plant This has focused on potentially persistent chemicals namely

dioxins and metals. Both non-carcinogenic and carcinogenic effects have been

considered. In respect of non-carcinogenic effects it can be concluded that the

safety factors are substantial and that bearing in mind the conservative nature

of the methodology used there will be no significant risk to health. The

carcinogenic risk in each case is also substantially lower than recognised bench

marks of acceptability. Finally the potential for a so called ‘cocktail’ effect (i.e.

an effect due to combinations of chemicals) has also been assessed.

The findings for combinations of chemicals do not change the conclusion that

the Plant is most unlikely to cause adverse effects to the health of the local

population.

5.6 The above conclusions are in line with those of a recent DEFRA review

(2004) which considered possible effects including cancer, respiratory diseases

and birth defects,’ but found no evidence for a link between the incidence of

disease and the current generation of incinerators’. Similar conclusions have

been reached by various other expert bodies in the UK, EU and USA. Proposals

for new Incinerators/waste to energy plants are subjected to a high level of

scrutiny in the UK because of political/ public concerns that are founded on

poor functioning of incinerators prior to the introduction of EU regulations

starting in the early 1990’s. It is noted that in no case has planning permission

for an incinerator/waste to energy plant been rejected because of possible
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health effects arising from airborne emissions.

5.7 Each of the pieces of evidence that have been considered support the

conclusion that the proposed plant will not have an adverse effect on the

health of the local population
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Epidemiological
Studies Investigation of the incidence, distribution and

causative factors of diseases in the human
population

FAO Food and Agriculture Organisation – a WHO body.

Genotoxic The initiation of cancer by a mechanism involving
chromosomal/DNA changes.

GLC Ambient air ground level concentration of a
chemical emitted from the stack.

Hazard Index The sum of individual hazard indices.

Hazard The ratio of the concentration of a chemical to its
safe level.

HMIP Her Majesty’s Inspectorate of Pollution, the
predecessor to the Environment Agency.

HSE Health & Safety Executive.

IPC Integrated Pollution Control, legislation passed
under the Control of Pollution Act 1900, under
which the proposed facility will be authorised..

IPPC Integrated Pollution Prevention and Control,
legislation which will supersede IPC.

Lipophilic Dissolves in oil, rather than water

MAFF UK Ministry of Agriculture, Fisheries and Food,
now known as DEFRA (Department of
Environment, Food and Rural Affairs)

Mutagenicity The ability of a chemical to cause a permanent
transmissible change in the genetic material of a
cell.

Neurotoxicity toxic effect on the nervous sytem

Non-criteria
Pollutants Metals, volatile organic compounds and dioxins

Odds ratio A term used in epidemiology to the ratio of the
odds that the test cases were exposed to the odds
that the controls were exposed.

OEL Occupational Exposure Limit



88

PAHs Polycyclic Aromatic Hydrocarbons, a class of
chemicals emitted in trace quantities from a
variety of combustion sources.

PCBs Polychlorinated biphenyls

Pica The practice of eating soil, especially with children
in the 1-6 age group.

Precautionary
Approach One that uses conservative assumptions with the

intention of ensuring a high level of public
protection

RSD Risk Specific Dose, a risk-based approach to the
assessment of effects of cancer causing chemicals.

TEF,TEQ Toxic Equivalency Factor and Toxic Equivalents, a
means of expressing the toxicity of a mixture of
dioxins.

Tolerable Daily Intake
(TDT) A value set by WHO/FAO for the level of

contaminants in food that is deemed to be safe for
consumers.

Toxic affect An adverse effect on the person when the
chemical enters the body.

Trace amounts Very low levels of chemicals, usually less that one
part in a million

Sensitisation Have become hyper-sensitive

Spirometric
Measurements Measurements of lung capacity

Synergism When the effects of two chemicals in combination
are greater than additives

Teratogenicity Malformation of the foetus

VOCs Volatile organic compounds, a family of trace
organic chemicals emitted from a variety of
combustion and other sources

Volatile A chemical which readily evaporates from its
liquid at room temperature

WHO World Health Organisation
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provided

4. Findings agree with other published

work and/or findings compatible with

known science

Unexpected/unusual findings

5. Established methodology used (eg

OECD test used) valid statistical

methods. Valid control groups included

Methodology not well established.

Statistical evaluation not significant. No

suitable control groups used.

6. Work performed to GLP/GCP etc Work not audited

7. Work from a laboratory/scientist with

a high recent reputation in the area of

the publication

Laboratory/scientist not well known in

the area of the publication or

considered to be a prejudiced source

8. Data provided appears to be incomplete

or selective, or statements

unreferenced

9. Conclusions supported by other

published papers from other

laboratories

Other studies with very different results

Unpublished views of individuals are not normally considered except where they

are supported by a full set of data. Views of independent well recognised scientific

groups are considered where the findings are in a published form.

Interpretation of data

The risk assessment may be considered to have two dimensions: likelihood and

severity of effects. A number of levels of both severity and levels can be

identified. These are set out in the table below

i) Two- dimensional description

Severity of effect

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 ------------ ----------
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Extremely

unlikely

xxxxxx = mitigation measures necessary

--------- = mitigation measures should be considered

ii) Definition of degree of likelihood

Approximate numerical values can be attached to each likelihood level see below.

These should be considered as guideline values rather and not interpreted too

rigidly.

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
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APPENDIX 2 How Standards are Derived and applied

Information on the nature of the hazards and the dose response relationships for

individual chemicals enables a safe/virtually safe/acceptable exposure level to be

defined. Standards/guidelines have been developed to protect the public from

unsafe levels of exposure to many 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 have been developed for many industrial chemicals in order

to protect the workforce. Because exposure levels, that the public will experience,

are typically at least one and usually more than one order of magnitude lower

for most chemicals there is no standard for them in either ambient air or indoor

air. Thus ambient air quality standards or guideline values (whether short- or

long-term) have been established for only a 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 and

lead. There are as yet no established standards for other metals or for dioxins

(apart from lead).

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 WHO Guidelines are intended to be used both for risk management decisions

on existing emission sources and in the planning process (although they are not

standards as such). Compliance with the Guideline Value will ensure that

concentrations of pollutants “will not have adverse effects on human health and,

in the case of odorous compounds, will not create a nuisance or indirect health

significance”.

The principal document on the UK strategy for ambient air quality is the UK Air

Quality Strategy (UKAQS) (2001). It expresses the aim “to protect people’s

health and the environment without imposing unacceptable economic or social

costs”. This is “an essential part of our strategy for sustainable development

which has four main aims:
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is required.

Where such standards/objectives /guidelines exist it is appropriate to use them.

However, for substances for which there are no such standards, it is possible to

use a derivative of workplace standards as a reference level. This approach has

been used by the UK Environment Agency in order to obtain some indicative

values. The rationale for this approach is as follows. For over 40 years workplace

air quality standards have been set based on a scientific assessment of all the

available data. These values are legally enforced to protect the health of the

workforce. In the UK, some 700 chemicals have workplace standards.

There are two types of workplace standards: (1) Short Term Exposure Limits

(STELs) (intended to protect exposed individuals against the acute effects arising

from a brief exposure of around 10-20 minutes) and (2) long term Occupational

Exposure Limits (OELs) (or, for some chemicals, Maximum Exposure Limits

(MELs) .

Long- term (‘shift’) occupational limits are average figures for the levels in air

over 8 hours. During this time there are, typically, considerable fluctuations in

the actual levels of any chemical. The workplace standards are based on the

extensive deliberations of experienced toxicologists, occupational hygienists and

occupational health physicians.

The UK Environment Agency has adopted, as a temporary measure, the use of

workplace standards to derive Environmental Assessment Levels also known as

benchmark values (EALs see:EA, 1998) These EAL values are designed to be

protective of community health. Applying these values to the chemicals of

concern, it is possible to make an assessment of the likelihood of any significant

risk to the local population from exposure to airborne emissions. This approach

to setting air quality guidelines - although not ideal in scientific terms - errs

markedly on the side of conservatism. Nonetheless, the calculation of EAL’s from

workplace standards does meet an important practical need in that it allows a

benchmark value of exposure to be identified very simply for many airborne

chemicals of concern for which there are no current ambient air standards.

ii) Uses of standards

Standards are used, principally, as an action level for regulatory purposes,
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although they are relevant also to planning issues. However as explained

previously, they are set below, in most cases well below, the levels of each

chemical at which adverse effects are likely to occur. Thus a small exceedence of

a standard would not be expected to have any consequences for the health of the

exposed population (see also UKAQS 2001). This is only likely if the exceedences

are large. If the numerical value of the standard is higher than that of the

maximum ground level concentration it can be concluded that adverse effects are

unlikely to occur. The larger this ratio, i.e. the safety factor, the less the likely of

an adverse effect occurring. The size of the safety margin may also be used to

identify priorities for air quality improvements in a geographic area.
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The view of the World Health Organisation is 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:

a) intensity where the detection threshold limit is defined as the lower

limit of the perceived intensity range

b) quality where the recognition threshold value is defined as the lowest

concentration at which the odour can be recognised correctly

c) acceptability and annoyance where the nuisance threshold value is

defined as the concentration at which not more than a small proportion (less than

5%) experience annoyance for a small part of the time (less than 2%). It should

be noted that annoyance is affected by a number of psychological and

socioeconomic factors and therefore a nuisance factor is not simply concentration

based.

.
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