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CHPR Final Project Report 

 

Project Scientific summary  
Please provide a short (half page) summary of the project including the overall 
objectives and outcomes 
 
This national study aims to investigate associations between modelled ground level 
concentrations from all 22 municipal solid waste incinerators (MSWIs) in England, 
Wales and Scotland in operation from 2003 to 2010 (i.e. operating to the EU Waste 
Incineration Directive 2000/76/EC) and reproductive and infant health i.e. low birth 
weight, stillbirths, small for gestational age, infant deaths and congenital anomalies.  
The study is funded through a grant from Public Health England, the Scottish 
government and through core funding to the Small Area Health Statistics Unit..   
 
Exposures to emissions from each incinerator for dioxins, metals and particulates 
has been estimated using dispersion modelling. The model uses data from the 
regulatory monitoring information supplied as part of permit applications to the 
Environment Agency and Scottish Environment Agency.  The modelling has been 
done using the Atmospheric Dispersion Modelling System Urban (ADMS-Urban) and 
takes into account factors such as topography, meteorological data, stack height and 
daily particulate emissions.  The emission dispersion models will be used to estimate 
trimester-specific exposures from the incinerators for each of the cases and controls 
individually at their birth postcode.  To help avoid exposure misclassification from 
other sources, MSWIs will be mapped in relation to nearby heavy industry.  
Additionally, modelled estimates will be compared to local air pollution 
measurements from national monitoring networks in collaboration with the 
Environmental Research Group at King’s College London. 
 
The exposure status at the location of residence of cases will be compared with that 
of anonymised controls taken from the national birth register. Exposure will be 
estimated in two ways (i) distance of residence from MSWI and (ii) modelled 
exposure.  Cases and controls will be chosen from within a 10km radius of an 
incinerator, as exposures drop to background levels within this distance. The 
analyses will take into account deprivation and other potential factors that may 
influence any observed association (or lack of association) between MSWIs and the 
health outcomes.  For congenital anomaly outcomes, only the incinerators situated in 
an area with a high quality local congenital anomaly register will be included.  
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Project layman’s summary 
Please provide a short (half page) summary of the project in layman’s terms, 
including the overall objectives and outcomes.  
 
This study investigates whether municipal solid waste incinerators (MSWIs) may 
pose a risk to reproductive and infant health. Exposures to emissions from each 
incinerator have been estimated for babies born to mothers living within 10km of a 
MSWI.  Estimates are produced using validated techniques that model the dispersion 
of emissions from MSWIs and is based on emissions data from the Environment 
Agency and Scottish Environment Agency as well as topography and meteorological 
data. The study compares the exposure of babies born with various outcomes 
including low birth weight, stillbirths, sex ratio, small for gestational age, infant deaths 
and congenital anomalies with normal births within 10km of a MSWIs.  As socio-
economic deprivation is recognised to be linked with worse reproductive outcomes, 
and as some MSWIs may be sited in deprived areas, adjustment will be made for 
deprivation levels. The health data comes from a variety of routine national datasets 
including the national births register and hospital maternity admissions.  For birth 
defects (congenital anomalies), only the incinerators situated in an area with a local 
congenital anomaly register can be studied, as there is currently no national (UK) 
register of birth defects.  All other endpoints will be studied around all MSWIs 
operating in the study period of 2003-2010. 
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Project Background information 
Please detail any relevant background information. Maximum allowable space for this 
section is two pages.  
 
The use of incineration for waste disposal in the UK is increasing due to EU 
restrictions on the use of landfill.  Emissions from modern municipal solid waste 
incinerators (MSWIs) are subject to strict limits regulated by the EU directive 
2000/76/EC, in the form of The Waste Incineration (England and Wales) Regulations 
2002.  Nevertheless, there is ongoing public concern about MSWIs and resistance to 
their construction.  PHE has a statutory responsibility to advise Government and local 
authorities on the possible impacts of air pollution and PCTs in their role as statutory 
consultees for environmental permits.  An influential campaigner has mapped infant 
deaths around several MSWIs and claims that these are higher downwind of 
incinerators than upwind.  This claim needed to be investigated in a good quality 
epidemiological study. 
 
The MSWI process can potentially release a number of substances including organic 
compounds such as polychlorinated dibenzodioxins (PCDDs), dibenzofurans 
(PCDFs) and biphenyls (PCBs), particulate matter (PM), heavy metals such as 
arsenic, cadmium, mercury, nickel, lead and acidic gases such as nitrogen oxide.  
Dioxins and metals are known to bioaccumulate in the food chain, which has 
important implications for human health. There is some toxicological evidence for the 
carcinogenic and teratogenic effects of substances released in MSWI emissions and 
much of the current research relates to associations between adult cancer and 
incinerators.  Current PHE guidance is also mainly focused on cancer risks and there 
are few studies on MSWI emissions and birth outcomes.  
 
A French case-control study published in July 2010 (Cordier et al, 2010) found an 
increased risk of urinary tract birth defects (OR 2.4; 95% CI1.32-6.09) in 2001-2003 
in mothers potentially exposed to dioxins from waste incinerators.  The 
accompanying editorial concluded: “I believe Cordier’s study raises serious concerns 
about health risks from MSWIs” (Kriebel 2010).  However, the exposure period was 
likely to be all or mainly prior to implementation of current strict controls by the EU on 
incinerator emissions.  A recent Italian study looking at incinerators operating to the 
EU directive found no association between MSWIs and sex ratio, twinning or small 
for gestation age but did find an association with increasing preterm delivery with 
increasing exposure (OR 1.30; 95% CI 1.08-1.57) (Candela et al, 2013). To date the 
evidence supporting an association between incineration and birth outcomes is 
limited with a small number of studies. Most studies are limited by use of surrogate, 
indirect measures of exposure at the ecological level (eg distance bands), which are 
likely to have resulted in exposure misclassification.  This national study be the first 
to investigate modern MSWIs operating in Great Britain using validated dispersion 
modelling techniques.   
 
The health data to be used is postcode level health outcome data from the Office for 
National Statistics, Hospital Episode Statistics and National Community Child Health 
Database (NCCHD - Wales). Congenital anomaly registrations will be supplied from 
the British Isles Network of Congenital Anomaly Registers (BINOCAR, whose data 
covers the whole of Wales and approximately 50% of England). 
 
The study makes use of information extracted from environmental permit applications 
by the Environment Agency (EA) and Scottish environment protection agency 
(SEPA) on the location of the stack, year commissioned, total annual waste licensed 
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to incinerate and stack characteristics.  Daily emission data for each stack was 
supplied by the EA and SEPA.   
References:  
 
Candela, Silvia, et al. "Air Pollution from Incinerators and Reproductive Outcomes: A 
Multisite Study." Epidemiology 24.6 (2013): 863-870. 
 
Cordier, S., Lehebel, A. et al 2010. Maternal residence near municipal waste 
incinerators and the risk of urinary tract birth defects. Occupational and 
Environmental Medicine, 67, (7) 493-499 
 
Kriebel, D. 2010. Incinerators, birth defects and the legacy of Thomas Bayes. 
Occupational and Environmental Medicine, 67, (7) 433-434 
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Project Objectives 
Please list the main project objectives and their milestones and refer these to specific 
HPA Programmes.  
 
Main objective: To extend the evidence base on MWIs and birth outcomes - 
whether emissions from MWIs operating under current legislation are associated with 
a higher incidence of adverse reproductive outcomes. This project falls under the 
Environmental Hazards program. 
 
Project milestones: 
 

1.  Preparatory work (start-up meeting and preparation of protocol), set up of 

Scientific Advisory Group (SAG) 

2.  Emissions data acquisition from the EA and SEPA 

3.  GIS dispersion modelling for particulates and dioxins 

4.  Investigating exposure misclassification - Environmental Research Group 

(ERG) 

5.  Application to access BINOCAR / LCARs datasets (not core SAHSU 

datasets).  BINOCAR data uploading & cleaning 

6.  Application to access Terminations data 

7.  Permissions (ethical and information governance) to link health ONS births 

and HES maternity to obtain gestational age. 

8. Epidemiological 

analyses 

9.  Submission to peer reviewed journals 
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Progress against milestones 
Please include a summary of progress against project milestones, including whether 
the milestones were achieved, partially achieved or not achieved. Maximum 
allowable space for this section is two pages. Relevant project data can be included 
in an annex at the end of this form if necessary.  

1.  Preparatory work (start-up meeting and preparation of protocol), set up of Scientific 

Advisory Group (SAG) 

The kick off meeting was held on the 2nd of May 2012 and there have been four further 
meetings with external collaborators where various issues and updates have been presented.  
The SAG has been set up and terms of reference for this group drafted.  The purpose of this 
group is primarily to advise on the epidemiological methods and results and was not set up at 
the study start due to delays in acquiring emissions data.  This group will be chaired by Tanja 
Pless-Mulloli, former Professor in Public Health at Newcastle University. The membership 
includes Matt Heal (Reader in Environmental Chemistry, Edinburgh University) and Sylvaine 
Cordier from Rennes University. The first meeting of the SAG is currently being arranged to 
be held in on July 8th 2014.  A detailed protocol was prepared prior to the start of the study but 
methods in exposure assessment and statistical analyses have evolved since then. The 
publication of a summary Protocol was agreed with PHE at an external meeting.  This is 
currently being drafted and will be presented for discussion at the SAG meeting, thence 
passed to PHE with a publication date in July-August 2014, most likely on the SAHSU 
website. 

2.  Emissions data acquisition from the EA and SEPA 

Large proportions of the emissions data for the EA and SEPA were unexpectedly not in 
electronic format and needed to be digitalised into excel files and their quality checked by a 
third party before modelling could begin.  This was part-funded by EA. This introduced 
substantial delays into the completion of the dispersion modelling stage of the project.  This 
data has now been obtained and has undergone detailed checking, referring back to the EA 
and SEPA when necessary and several iterations of modelling have been required as 
updated data has been obtained, filling in missing data periods. 

3.  GIS dispersion modelling 

Daily particulate (PM10 modelling) has been completed for all 22 incinerators using the 
Atmospheric Dispersion Modelling System Urban (ADMS-Urban) modelling package. An 
extensive sensitivity analysis was carried out for each MSWI for a number of dispersion 
model input parameters; surface roughness length (SR), Monin-Obukhov length (MO), 
surrounding topography and meteorology. Additionally, daily particulate emissions data for 
each flue were obtained and missing emission values imputed.  The EA have seen and 
checked that the missing data is correctly identified as missing.  The dioxin modelling is 
currently underway using the more limited amount of dioxin measures per year (2 to 4 
measures).  The data has been investigated and anomalous measures from certain 
incinerators has been discussed with the EA at the external collaborators meetings. Once 
completed, the dioxin modelling will be added to the exposure report. A paper detailing the 
dispersion modelling method was published in 2013 – “Ashworth DC, Fuller GW, Toledano 
MB, Font A, Elliott P, Hansell AL, de Hoogh K. Comparative assessment of particulate air 
pollution exposure from municipal solid waste incinerator emissions. Journal of Environmental 
and Public Health. 2013”. 

4. Investigating 

exposure 

misclassification - Environmental Research Group (ERG) 

The ERG at King’s College London led this work on the “Investigation of exposure 
misclassification in relation to exposure from other local sources and modelling uncertainties”. 
Part one of this work aimed to investigate the evidence of incinerator plume grounding. We 
developed a methodology to detect possible impacts of MWI emissions to quantify their 
impact on ambient air pollution and also to validate modelled exposure assessment. Bivariate 
Polar Plots (BPP) were calculated to trace sources of pollution and showed the mean 
concentration measured against wind direction and wind speed.  BPP of pollutants ratios 
measured in the Air Quality Monitoring Stations (AQMS) belonging to DEFRA’s Automatic 
Urban and Rural Network (AURN) and to the London Air Quality Network (LAQN) were 
proved to be a useful tool to detect stack emissions. BPP of SO2/PM ratios under stable 
weather conditions were shown to be appropriate to detect the influence of power plants in 
the East Thames AQMS. Similarly, BPP of PM/NOX ratios in AQMS near MWI were expected 
to help discerning MWI emissions from other PM sources.  The second part of the 
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workpackage aimed to study the evidence of ground level impacts of PM metals from 
incinerator emissions. Quarterly stack emissions from MWIs were available and those metals 
showing good emissions correlations were selected as potential tracers for MWI emissions. 
The same metals ratios were calculated from ambient data from samples from the rural and 
urban network and showed that MWI emissions ratios differed significantly from ambient data. 
Ambient metals ratios measured in the sites within 10 km of a MWI under stable weather 
conditions were used to detect possible MWI plume grounding.  

5.  Application to access BINOCAR / LCARs datasets (not core SAHSU datasets).  

BINOCAR data uploading & cleaning 

Data Access Agreements (DAAs) have been finalised and signed by BINOCAR and each 
individual registry.  This process took more time than anticipated – because of the time period 
of the study it was necessary not just to get agreement from BINOCAR as originally planned, 
but, to include earlier years, also the agreement from each individual registry providing data to 
BINOCAR. It also required the involvement of Imperial College’s legal teams which, given we 
had seven rather than one agreements, delayed the obtaining of this data.  SAHSU is 
currently in discussion with BINOCAR to obtain all the congenital anomaly data.  The 
registries have indicated that this will be completed by the end of July 2014. Cleaning with 
take place thereafter, but it is difficult to anticipate how long this will take until the data are 
received. 

6.  Application to access Terminations data and to add Scottish data to the study 

Terminations data are required to gain a complete picture of all congenital anomalies – if a 
pregnancy is terminated, it will not appear in the national birth registries and this may occur 
more frequently for certain severe anomalies, such as neural tube defects. Additionally, we 
need to include these terminations totals in our rate denominators.  This data required specific 
permission from the Chief Medical Officer which has been obtained.  A data request is now 
with the Department of Health and the data is expected in the next two months.  As a Scottish 
incinerator has been added to the study additional health data need to be obtained.  Scotland 
has its own information governance process, the Privacy Advisory Committee of NHS 
National Services Scotland.  A PAC has been drafted and is currently with Scottish ISD for 
comment before final submission.  The data are expected to be obtained two months from 
submission of the form. 

7.  Permissions (ethical and information governance) to link health ONS births and HES 

maternity to obtain gestational age. 

Gestational age is available for Welsh NCCHD data which is currently awaiting final IG 
approval and comes as part of the Scottish births data, it is not yet available for English births 
data. The original analysis plan was for SAHSU to link the births data it holds from ONS to the 
HES maternity data it holds in order to obtain gestational age, ONS births holds more 
comprehensive (complete) coverage than HES maternity.  Permissions to undertake this 
linkage have been obtained from NRES, HRA-ECC (under section 251) and ONS. However, 
outstanding permission is still required from HSCIC, who have not provided a decision on this 
in the past year since the request was made – the original application was made in June 
2013.  At the most recent SAHSU liaison committee meeting on the 8th of May 2014, SAHSU 
was informed that HSCIC would be sending a letter to organisations holding and linking data 
to explain that previous IG policies on the use of new and renewed data were considered unfit 
for purpose.  Drafting of new policies and practices was likely to cause delays with HSCIC’s 
supply of data and permissions. No letter has been received as of 27th May 2014. There is no 
timescale for when HSCIC permission will be available so the decision has been made to use 
ONS births and HES maternity as separate datasets.  Extracts on these dataset will be made 
in the next month. 

8. Epidemiological 

analysis 

The main analysis is scheduled to start in summer 2014 when all data have been obtained.  
Three main sets of analyses are planned – (i) congenital anomalies comparing exposures of 
cases and controls (all other births within 10km radius of the incinerator) using trimester 
weighted exposures (ii) a similar analysis looking at all other birth outcomes and infant 
mortality (iii) a separate analysis looking at rates in areas around incinerators before and after 
incinerators open or change operating procedures to operate under the EU Waste 
Incineration Directive 2000/76/EC.  This method uses 2000 to 2010 data on health outcomes. 
This will establish, for example, if there are significant changes in low birth rates, prior to and 
after installation of incinerators. The model uses defined case areas compared to other 
‘control’ areas (this method does not require linkage with the exposure data).   
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9.  Submissions to peer reviewed journals and conference presentations 

A paper detailing the dispersion modelling method was published in 2013 - Ashworth DC, 
Fuller GW, Toledano MB, Font A, Elliott P, Hansell AL, de Hoogh K. Comparative assessment 
of particulate air pollution exposure from municipal solid waste incinerator emissions. Journal 
of Environmental and Public Health. 2013 
There are three current proposed epidemiology papers. Current plans are to conduct all 
analyses, then prepare papers, which are currently envisaged as by outcomes considered, 
being: 

 Foetal 

Growth 

  Infant Mortality Outcomes 

 Congenital 

Anomalies 

There have been five presentations at national and international meetings and conferences to 
date (see later for full list). 
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Collaboration report (if relevant) 
Has the collaboration progressed well, have there been any issues, has the 
collaboration been of mutual benefit, are there any future collaboration developments 
arising from this project? Allowable space is 500 words.  
 
Five meetings have been held involving all the relevant collaborating partners.  This 
has been of particular use in obtaining, cleaning and preparing the emissions data for 
the dispersion modelling.  The EA and SEPA have also provided advice and support 
in relation to the aspects of dispersion modelling.   
 
The regular meetings have provided opportunity to update and comment on related 
work, in particular the biomonitoring project.  This project is a collaboration with a 
separate, Medical Research Council (MRC) Millennium funded study the Incinerators 
Biomonitoring study with PIs Dr Mireille Toledano and Prof Paul Elliott (redaction 
note: both Imperial College London).  The principal aim of the study is to investigate 
the relationship between ambient dioxin exposure and individual level breast milk 
dioxin exposure in 100 pregnant women. Recruitment for this study was conducted 
through postal invites by three maternity units, two hospitals in Cleveland, located 
near the Stockton-on-Tees MSWI and one hospital in Southampton located near the 
Marchwood MSWI. Women eligible to take part in the study were in their third 
trimester of their first pregnancy, over 18 and living within 10 km from the MSWI. Of 
the 1,194 women invited to the study, 160 consented (13.4% recruitment rate), of 
which 98 (8.2% completion rate) completed the study, completing a study 
questionnaire (during pregnancy) and providing a small, 20mL, breast milk sample 
(within 6 weeks following birth). This study will help interpret the dioxins exposure 
modelling being conducted as part of the PHE funded incinerators study. 

 
 
 
 
 
 
 
Project outputs 
Please list all relevant reports, publications (including oral and poster 
presentations), patents and other outputs arising from project (there are no space 
restrictions for this section) 
 
PUBLICATIONS: 
 
Ashworth DC, Fuller GW, Toledano MB, Font A, Elliott P, Hansell AL, de Hoogh K. 
Comparative assessment of particulate air pollution exposure from municipal solid 
waste incinerator emissions. Journal of Environmental and Public Health. 2013 
 
CONFERENCE PRESENTATIONS: 
 
8th UK and Ireland Occupational & Environmental Epidemiology Meeting, National 
Heart and Lung Institute, Imperial College, UK, 3rd April 2014. THE INCINERATORS 
BIOMONITORING STUDY: STUDY DESIGN AND RECRUITMENT. Danielle C 
Ashworth, Paul Elliott and Mireille B Toledano 
 
2nd UK & Ireland Exposure Science meeting, Manchester, UK, 4th March 2014. 
Comparative assessment of particulate air pollution exposure from municipal solid 
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waste incinerator emissions. Danielle C. Ashworth, Maria Leal Sanchez, Gary W. 
Fuller, Mireille B. Toledano, Anna Font, Paul Elliott, Anna L. Hansell, Kees de Hoogh 
 
Environment and Health-Bridging South, North, East and West Conference of ISEE, 
ISES and ISIAS, Basel, Switzerland, 19th -23rd August 2013. THE INCINERATORS 
BIOMONITORING STUDY: Study design and methods. Danielle C Ashworth, Paul 
Elliott, Mireille B Toledano 
 
International Scientific Advisory Board, Imperial College London, UK, June 2013. 
Comparative assessment of particulate air pollution exposure from municipal solid 
waste incinerator emissions. Danielle C Ashworth, Mireille B Toledano, Anna L 
Hansell, Gary W Fuller, Anna Font, Paul Elliott, Kees de Hoogh 
 
Frontiers in Spatial Epidemiology. An international symposium in celebration of 25 
years of the Small Area Health Statistics Unit, Imperial College London, UK, 
November 2012. Case-control study of birth outcomes around Municipal Solid Waste 
Incinerators in England and Wales: Methods. Danielle Ashworth, Anna Hansell, Kees 
de Hoogh, Rebecca Ghosh, Lea Fortunato, Paul Elliott, Mireille B Toledano 
 
6th UK and Ireland Environmental and Occupational Epidemiology Meeting, The 
London School of Hygiene & Tropical Medicine, UK, March 2012. The risk of adverse 
birth outcomes in relation to municipal solid waste incinerators in England and Wales. 
Danielle Ashworth 
 
International Scientific Advisory Board, Imperial College London, UK, June 2011. 
Municipal solid waste incinerators and risk of adverse birth outcomes in England and 
Wales – methodology development. Danielle Ashworth, Anna Hansell, Kees de 
Hoogh, Lea Fortunato, Nina Iszatt, Linda Beale, Paul Elliott, Mireille Toledano 
 
 
 
 
Summary of resources used 
Please summarise annual expenditure on staff costs, travel and subsistence, 
consumables and other costs.  
 
Imperial College Expenditure: 
 

£ Year 1 

£ Year 2 

Pay costs 

£527 Pay 

costs 

 £12,082.00  

Consumables  

Consumables  

Travel and 

 Travel 

and  £327.80  

subsistence 

subsistence 

Other direct costs 

 

Other direct costs 

 £3,240.00  

(please specify) 

(ADMS-Urban 
license) 
 

Research overheads 

 

Research overheads 

 £27,291.98  

Total 

0 

Total 

£42,941.78 

Overall total 

£42,941.78 

 
As CHPR ran from 1 April 2010 to 31 March 2014, the final report has been limited to 
activities carried out within this period.  
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There is additional actual and forecast spending after 1 April 2014 which will include 
additional pay costs, these have not been fully allocated to members of staff but are 
estimated to be approximately £13,390 for research staff time and £5,000 for 
database (including information governance) team time.  Other estimated costs 
include research overheads at £6,823, ADMS-Urban license renewal and training at 
£5,000 and travel and subsistence at £4000 (this includes £2500 for conference 
travel and subsistence and £1500 for the Scientific Advisory Group meetings).  This 
gives a total actual and estimated expenditure of £77,154.80. 
 
Kings College Expenditure: 
 

£ Year 1 

£ Year 2 

Pay costs 

 

Pay costs 

£22,924.22 

Consumables  

Consumables  

Travel and 

 Travel 

and  

subsistence 

subsistence 

Other direct costs 

 

Other direct costs 

 

(please specify) 

(please specify) 

Research overheads 

 

Research overheads 

£14,953.30 

Total 

0 

Total 

£37,877.52 

Overall total 

£37,877.52 

 
 
Future direction of research if future, alternative funds are secured.  
Maximum allowable space for this section is 300 words.  
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Anna Hansell 
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Once complete and signed, please submit this form electronically to Margaret 
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