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1~ Comments by Dr C.V. Howard og the: Rnwewby?mfmsorRHamsmof”hmnmnmmd
Haman Healib" by Michelle Allsopp, Pat Costner and Paol Johmston. 29 11 Refetences 33 §
mtmductmn Statement by Dr C V Howard MB. ChB PhI. FRCPath.

£.1-Scope Ofthﬁﬁiﬂdﬁ:ﬂae - 1 have been asked by Wyre Forest Pricods of the Harth group to examine
the potential health impacts of the proposed incinerator at the Inteprated Waste Management Facility
proposed for the British Sugar site, Kiddenminster. My evidence will address thereffects of the most
problematic particulate snd gaseons emissions, in the light of the latest scientific kmowkedge. Twill
8lso discuss the inappro ahenessofmctememidoseasamemﬁmjudgmgtheeffemdpersm
organic pollutants in envircomental risk assessments. § will also address various material points made:
by the Environmment Agency in the decision document on the IPP%penmtandpanwtﬁaﬂy in relation
to the critique by Professor Harison of the Greenpeace report ‘(m:meratmn and Human Health' that is
inchuded in that decigiol docmuent. Q& Q@
& &

1.2 - About the Author | qualified in Medicine in 1970 st the Univessity of Liverpool and afier
registration with the General Medical Coungil, s@%@\}a career in rescarch at that institution. The
gentral theme of my research has always \ on the developraent of the fetus and neonate, 1
am currently a Senior Lecturer and Head o gﬁg opmental Toxico-Pathology Gronp at the
University of Liverpogt. Tam g Fellow oyai College of Pathologists. n 1983, 1 obtained the
degree of Doctor of Phil osophy at the Us\nﬁ of Liverpoo} for research into the development of the
immature brain, ustog 3-D ni hniques. At this time I was appointed an Editor of the
Journal of Micrescopy, which is jonally tecogaised publication and the official jowrnal of
the Royal Microscopicdl Socisty. 1a 1985 1 was appointed General Editor in overail chatge, 2 post
that T held until 1992, I have developed a pumber of assays (tests) for measuring biglogical Gssues
with microscopes, which come under the general heading of stereology. These fests are how
hc‘;oming used in the phantiacentical llldﬂSﬁ‘_'{ a5 very sensiti"ve toﬁoolog,wal tests to detect minimal
change. They axe of particular importancs i developental pathology. There is an Infermationat
Society for Stereology with some 500 members world-wide. I was elected President of this society
from 1991-95. I was President of the Royal Microscopicai Society fiovn 1996-8. 1 was awarded the
150th Anniversary Goki Medal of the Royal Microscopical Society for services fo microscopy. fama
member of the British Socicty of Toxicological Pathologists. Over the past decade years, the
Developmentat Toxico-Pathology Group at Liverpool has developed an international reputation for its
work on fetal developmient and the. insight that has been gained in detecting the permanent damags
that the fetus can sustain if its growth is perturbed. Morerecenﬂyﬁwgt‘ouphasbeenwcrkzngmﬁm
developmental toxicology of chemical mixtures. ! have appeared as an expert witness in 8 number of
previous planning inquirnies in refation to public health implications which arise from emissions from
waste combustion plants, with particular reference 10 the unbom and ncwly bor child and long-term
bealth effovts.

2- Backgmund - Basic Concepts.
2.1 - Fundamental Apanoncked to _Waste Mana_gement '
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There are two fundam mammhmmhwmgmﬂmwﬂymmmmmmmm
stream of attempt 0 wuhmﬁesometheymebeenpmduoedcmﬂyﬁzmxssoopemwmm
the two.,

2.2 - The Nature of the aste Stream bas Changed.

' siream hasebmgedmofomd&ovet&epastlﬂﬂmm The majority of the

¢ waste stream originslly consisted of wood produets, including paper, and
atucpl fibres. Subsequently the content of toxic materials, including heavy metals

andplasucs,has nexorghly tisen in both proporiion and volmne. This change has made what was

otiginally a waste mixtur ﬂ:atwﬁpmbablyiuwheenmmoredangemusmbmmmmyeﬂm

2.3 - Changing Policy.

The policy of the waste jndustry over many decades has been 1o 'dispose” of waste in a way that put it
ont of sight and hence opt of mind, Until recently in the UK, this has been achieved peimarily by using
landfill, an activity that almdyi;ﬂawmlegacyfotmmegmahmmmmgmm

1999/3 VEC. The indust
is no Jonger suited to the modcmmsbcs&ms.

Incineration is a me .ﬁmmwﬁ&mﬁ@aﬁygi‘w&emmmaam
of disposal has been performed. ‘Thus when waste is combusted, it is tansfoormed into gases, particles
and ash. The gases are dispersed to the afr, the ither go to air or are arvestod on filters as 'fly
ash’, and the ‘botiom ash' or clinker remains insi combustor, All of the heavy mefals that are in
the waste find their way MWﬁmmﬂn@SéﬁmmMcwmdsmm
the combustion process are also emitted as gaseés, on pacticles, or in ash. Thus alt of the effluvia fiom
waste incinerators pose problems for huy environmental health as well as for disposal. The
evidence of Alan Watsog Mudesad&ghnmofﬂwmuﬁmmﬁnmﬂnmd&m
mmmhmmmmmﬁgé%mmswmmmmmsmm
a0 msopemﬁhgatthcsmwdmsmnlevdﬂmugmmmeopmgmod,
vould he‘

o gfsecAmmlkg(Dlmn—g}ZSychmmPetmdtoum(mm—g)

308 8,316 2079

D gfm3 1.54 41,580 1,039.5

VolaﬁkOrgamc ampdunds VOO mmgxmze.:oa 83162079

D:ndesufsmphurSOx 0mglm315441580m395

Oxides of nittogen NOx 200 mg/m3 6.16 166,320 4,158

Mercury Hg 0.05 mg/mp 0.00154 41,58 1.0395 ,

Cadmium Cd and The mﬂﬂ&mghanmlstul5810395AsCrCoCumebSbV*05
mg/m3 0,0154 4158 10,395 . A

Ancnonia NH3 10 migh 03088,3162019

Dioxins and Fursms 0.1 g/’m3308xiﬂ-98316x10-62079x1¢-6 .

* Arsenic As, Chromium Cr, Cobalt Co, CopperCu,Mmgaann,Mcketh,hade
Antimony Sb, Vanadiven V
Node that this includes %tumesperyearofﬁm,
owrﬂmmpetyear pamdates,etc
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baskgmmd Tevels in the enviretunent;
istenit Organic Pollutants (POPS), me!udmg dam

3,1- 'I'heNatmequO {Persistant Organic Pollutants) ‘

An outline of the naturcjof POPS and the industrial processes that lead to their formation is essential
for a complete gverview of the incincration debate (Howard ¢t al, 2000). The main problem
substances are made from carbon and chlorine, so-called organo-chlorine compounds. Howewer, the

volume of organo-bromine wastes is increasing and leading to many of the same problens associated

with organo-chlorines {3 oward & Staats de Yanes, 2001).

3.2-Wh§tmakes pmpoands Persistent

The body can pormally bre downnam:a!ly-oocmrmgb:ochezmulsubmmwx&ﬂsemof
enzyrnes that have evolyed mxmmmﬁhomﬁymmmmwmmofmc(m
catbon-based) chemicals has led to fhe widespread dissemination of poliutants that ars not casily
bnodegradedandﬂmef become persistent in the environment. This indicates that the enzymes
neoessary to achieve their rapid breakdown are not present, as might happen with novel compomds
pot found in vahire. When sich chemicals also are preferentialiy fat-soluble (lipophilic), thev tend to
buﬂdupmamma!u ammbxmmmmemmmpmme

" concentration will in mmmmmwmﬁxéfmdueb a process termad bio-

magnification, Hmnm posmmmg; up mihefoodweg;\

3.3 - Origin of Orgato mnesOrmno«ch!onneag@O o confaining chemically-combined
chlorine and carbon, first coexged as by of the expanding chior-alkali industry in the
1930°s. The manufactune of canstic soda by the lysis of brine jeads to the production of chiprine
gas, which is highly toxje and cannot be all be released info the environment, Therefore bhy-
products that were less goutel twnclmdte‘%@%ua&mththegss This was and continues to be kargely
achicved by combining ok mmﬁem%ﬁcompemdsﬁtmﬁmoﬂandcoalmdwmes.m
chemical properties ganmch ‘ncinde Iow flammability, chemical stability and initially an
apparent lack of immediate toxicity 10 twmans. This makes them very desirable for industrial uze. As

O

a result, there are now shme 11,000 organo-chlorine componnds which are known to be produced and
used commerciatly for pir mtsas&wmeasmmdes,phmcs solvents, lubsicants and refrigerants.
Currently, global production of chlorine gas is 40,000,000 tons/year. About 35% of this is used o

manufactyre polyvinylch iondc {(PVC) plastic. -

3.4 - Products of Tncomplete Combnstion There is no natural organo-chiorine chemistry in any higher
amital life forms. Some organc-chlorines do occur paturally in the environment but only at vexy Jow
levels. When organo-chlorine substances become involved in combustion, then certain products of
incomplete combustion {PICs) can be formed. These include the dioxin-like substances, whicharc a
family of highly persistent organo-chiorine compounds that are unwanted by-products of either the
industrial pmductmnof bon-chlorine chenticals or their subsequent combustion. The recent
USERA review confirms fhat the dioxin-Jike substances arc amongst the most toxic sebstances
kncwn (USEPA, June 126h, 2000). The range of PIC emissions from mumicipal waste
incincration is hge. The fve gas will contain hundseds and possibly thousands, of polintants -
many of which it will set be pomble to identify but which will often be carried adsorbed onto
the finest respirable particulates. Kay and Steiglitz pnb!nhedapapﬂ'mﬁhemmphmlnﬁng
just some of these emissions, Hormallytheymlﬁ remain pnidentified by the operator or the
xegulator. They identified the followfag volatile oxganic chemicals emitted from a mnnicnpn!
waste ncinerator: pentane; trichloroflusromethane; acetonitdle; acetone; jodomoethans;
dichloromethane; 2-methyl-2-propanol; 2-methylpentane; chioroform; ethyl acetate; 2.2-dimethyl-3-
pentanof; cyclohexane benzene; 2-methylhexane; 3-methylhexane;, 1,3-dimethyleyclopentane; 1,2-
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; mmne isupmpylhamene" mopylcwlohmm dmemyiomne
pwmecat‘hoxyiicwid; propyl benzene; benzaldehyde; 5-methyl-2-furane carboxaldehyde; 1-ethyl-2-
methylbenzene; 1,3 5-tnmethylbenzone; trimethytbenzene; benzonitrile; methyipropyleyclohexane; 2-
chiorophenol; 1,2,4-trinjethylbenzene; phenol; 1,3-dicklorobenzene; 1.4-dichlorobenzene; decane;
hexanecarboxylic acid: 1-ethyl-4-methylbenzene; 2-methylisopropylbenzens; benzyl alcohol;
wimethylbenzene; 1-me yl-s-pmpylbumne, 2-cthyl-1,4-dimethylbenzene; 2-methylbenzaldehyde:

' l»meﬂtyl-Z»propy 1o irsy w m 4m¢thylbemldehyd€ l‘eﬂ‘ﬁ“s,s"my’m 1-
methyl-{1-pro-penyDbenzene; bromachlorobenzene; 4-methylphenol; benzoic acid methy! ester; 2-
chioro-6-methylphenol; ethyldimethylbonzens; undecane; heptanccarboxylic acid; 1-{chloromettyl}-
4-methylbenzene; 1.3-dicthylbenzene; 1,2,3-trichlorobenzene; 4-methylbenzyl aicohol; ethylhex anoic
avid, cthyi benzaldehyde; 2.4-dichlotophenal; 1,2,4-trichlorobemzene; naphthalens;

iloxanedecamethyl; methyl acstophenone; ctharol-1-(2-butoxyethoxy); 4-chlorophenol;
benzothiazole; benzoic geid octamicamd;Z-bmmo-Mhlomphele,zsmwhlﬁobmme;

dodecane; bromochl ,Q,Mchlom-ﬁ-meﬂ:ylphmoLdmhlmmeﬂlylplm |
hydroxybenzanitrile; tetrachlorobenzene; methylbenzoic acid; trichlorophenol; 2-(hydroxymethyl)
benzoic acid; 2-ethylnaghtbalene-1,2,3 4-tetrahydro; 2,.4.6-trichlorapbenol; 4-cthylacetophenone;

" 2,3,5-trichlorophenol; 4:chlorobenzoic acid; 2,3 4-irichlorophenot; 1,2,3_5-tetrachiorobenzene;
ll‘blphmyl(z-eﬂle.nyl- me);M,smcMomgmmi,q@&nmmwd;z-hydm- .
dxchlombcnzaldelwde; ethylbipheuyl; 2-nitrostyrene 2~|g benzene); decanccarboxylic
acid; hydroxym eI M)}_’de.;hy "} e
nitraphenol; sulphomc cidmw. 192; 4-bmmo-2, dich ompheml. 2-eth
bromodichforopbenol; 1 SH)-%%QM, &maﬂiyiphﬁm!aw 2,6-d!-1emary-hutyl-p-

benzoquinone; 3,4,6-tridhioro-1-mieth e -butyl-4-methoxyphenol; 2,2'
dlmclhylblpheny!,Z,S' itj ﬁhylhphﬂ]jﬂ, réntachlorchenzene mml.24"dmmw ;-
methyi-2-phenylmethylbenzens; ﬁ@mmz,swmcmmml
tetmchlorobenzofisiane; fivorene; ;s dodecanecarboxylic acid; 3,3"dimethylbiphenyl; 3.4°
dimethylhiphsnyl, Jecs '_ eTZOfine ,mdwumcacxd,hgxacmombemw;hm&ne,

mdecamcarboxybc tid: octadtcane; p!ﬂhdmﬂcgteﬂadcmmcwdtsompﬁestﬁ‘wf&me,lz-
methyhictradecacarboxyhi md, pwm&wmbou;yhc acid; methylphenanthwene; nona@cme; 9.
hexadecene carboxylic seid; anthraquinone; dibutylphthalate; hexadecanoic acid; eicosane;
methylhexadecanoic aci ; flucrosnthene; pentachiorobipbenyl; ‘heptadecanecarboxylic acid;
octadecadienal; pentachlorobiphenyl; atiphatic amide; octadecanecarboxylic acid; hexadecane amide;

docosane; hexacblom e meylbxﬂy!phﬁah&;ahpbaﬂcmde;iﬁmlphﬂ:m
hexadammmamd hexad lesterchelwhuol

35- Braakdownof g0 hiomeCumpomdsmVezyS!w

The same properties that made organe-chlorines desirable to chemical indusiry have created
widespread environmental problems. Once introduced info the envirowment, the stability of many
Whlmesmmsﬂwdegmdemslow This is because the carbon-chloride bond in these
chemicals is generally vety strong and resists being brokea down by norsoal biochemical and physical
processes. Consequent nrgmou&lormesuaytakemiiymtobmkm«mﬂemym
harmless chilorides, While others do not degrade st 2l to any apjrecishle éxteat. Moreover,
when organt-chlorines do break dows, they usnally produce othier organo-chlorines - the
catboir-chloride chemical bond remaining intact as part of another compound - and these are ofien
mere toxic and far mor hnmdwsmmﬁemgnﬂs@mmmafmdenﬁﬁedm
ahlonmsproducedm way:sbelzemdmbevast. ’
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3.6 - CFCs and Solven : : .
Some organg-chiorines, lincluding CFCs and solvents such as chloroform, are volatile and teud o
wapomﬁemiotheam haewimeﬂ:eyshmdybrmkdamhtbewpermwﬂme,memgmu-

rate at which they are mkmdwnmthemmmmhamlmehmmsmmtbm
lsaneverommasmg! oforgmo-chlonmbemg_addedwmﬂ:emimnment_mhyw.-

3.8~Organo~cwm'ms Bio-Accumulate

The majority of organo-ghiorines dissolve mose readily in fats and oils thau in wates. Consequently,
ﬁwytﬂndwhuildup bip-accumulate} in the fatty tissues of living organisms. For example, fish
accumulate concentrations of some organo-ohlorines in their tissues thousands of times greater than
thelevelindlenmin ich they swin. Andwals or binds which 2at the fish concentrate the
chemicals to even higher levels in their tissues. Thus animals at the top of the food chain such as

~ dolpbins and seals in the aquatic environment are exposed to and aprumulate the greatest

concentrations of organg-chlorines in their tissues, msmcssgaeanedho-magmﬁmm since the
chemicals that accuomls atomlcvelofﬂwfoodcbam@gﬁmwnmnmdatﬂwmmL
whenﬂlepmdamrm tninated prey. 09?

3.9 « Organo-Chilosines Ingestedﬁmugh&r@ﬁﬁodﬂummmdhxmﬁmlma}sm
exposed to organc-chlorines btcaﬂmgmr@fgainmyhemnmnamwmemajmmof

exposure is though food Beowemgmocwsarefawolubie,mmﬁshmddmwm
contain the highest Ik _,_WWW .

3.10 ~ Orzano-Chiovine ateSmmdm Fat ’

Titevastnmuntyofor ano-ch foreign to nature and living organisms have developed fow
methods to detoxify th Omemééstedwﬂhﬁmd,utgmmcﬂmmmddyabsmhedxmbody
tissnes. hgeml,me hody deals with toxic substances either by detoxifying and excreting them or
by sequestering them, T the case of organo-chiorines they are stored in fat.

3.11 - No Protection forjithe Fetus

The human body has a well-developed defence system to deal with many foxic chemicals it
encounters in the cov of&ving,bmﬂmesystemsanddmﬁfyingenzym@ndomtmam'emﬁla
few weeks after birth. However, 00 materal protection from toxic chemicals present in the mother’s
bady is given fo the developing young Tn fact, the developing feius and newborn infant are exposed to
m%;m-chlanmm ﬁ'omthemaﬂaer‘shoﬁy buﬂxﬂmughplacenmluam&randﬁmnmst
211

312 ﬁumanBody urdens Aizmty'foomgh :

. There is now evidence (hat human populntions have teo much dioxin-like sabstanee in their
hndm.'l‘hesewmsof e population wha are the most visinerable o health effects are the fetus in
the womb and the nursing child. These chemicals can have effects on the endocring sysiem, asd can
aifect the development i ihe womb of many of the essential organs and systems, including the
xeproductive systen, the inwune systems, the binin, kidueys, lungs ete. Some of these effects have
been demonstrated 1o occur at custen background levels. Effects on the infclligence, immune status
andhormmlalstmsof s havebwnrda&dqmﬁﬁaﬁvelytﬁthamomﬂ@étmﬁkemh%ee
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in the mother's body. Xappe et o (2008} reviews all the evidence for these gjfects, Exposure to dioxin-
like substances has also been related to changes in the proporfion of boys to girls being bom
(Williams 1992, : ﬁzﬁﬂﬂ).thmebanga:eiaﬁwdmseinﬂmmmherofboy& Stvdimof
nmmgmoﬁ:ezshaw -
GMon)pmod,whwhsbowsﬂxatmotheﬁdeuwetkmownbody!eveis
o lamuon,bywmgthesechmmismbabymthemﬂkm:saho

than for the first lacte u~ 1 (e.g. Skaars and Polder 1990).

heoott of didwin-like substance in.a person's body is & more appropiate
hierable daily intake (TDI), when atiributing herm, Bimbauro (1998). The
he human race bas foo much backgronnd exposure to dim':in-mng

Histonmny a high proporti nofﬂaeglobalcontmmmﬂmof&eptan:tmthdmmshscomeahont
becanse of the combus i of organo-chlorines in the waste streans: It is pointless to quote emission
rates for such substa mmtspercubxcmetzeofgasmha@ad Themeamntofmmﬁmce
!sﬂlctmalnmssofpoll = emmdﬁmﬂen&:g)ln\@e#ﬁ*mm

3.15 - Other types of mmmdPICsWhﬂstﬁeQ only.‘zmpum'h!edlmandﬁnanwngenm
of a single halogen, such as chioxine, there are 4,600 discrete hromo-, chlera-, and mixed
halogen decivatives pogsible. Somoral!ogx@maybgpmd;wedmmmpalmhmm
Currenily only 17 chiofivated dioxins are'measured and then cnly ususlly twice each year after the
first year's commissionifig. 1 took nearly gg%mmﬁmﬁ:s:ﬁmngemnmmmmmm
i were set for those emissions. The other halogenated
ecies, were first found in incinerator emissions a decade ago
but fhere is no indicatio hi mnmthFCpmmmﬂmtheapﬂmorﬁe
Envatonnmntﬁgency' =1 wsﬁngﬁ:tﬂwsecmalaTMsﬁasigmﬁcamﬁombecwe: Levels

growing evidenoe that these eompomdsareasmastheclﬂmdspm% B:omamdandothar
halopenated dioxing are formed in municipal waste incinerators - The level of brominated pre-cursors
that ave included in municipal wastes are increasing (as fite retasdands eic). :
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Appendix B Human Health Impacis of Energy fr@m Waste

Processes

Introduction

Most EfW plants are based upon incineration and studies of
health effects have tended not to distinguish between older
mass bumn plants without energy recovery, and the more modern
and better managed and controlled EfW plants. Care must
therefore be taken in reviewing and interpreting the results of
relevant research work. Pyrolysis and gasification technologies
are relatively new and studies of health effects specific to plants
using these technologies have yet to be undertaken.

There are two primary methods of evaluating the health effects
of waste treatment plants. The first examines the prevalence

of diseases that could plausibly be linked with emissions from
the plant and looks for spatial patterns which would indicate

a fink with plant emissions. This method is termed spatial
epidemiology. The other approach is to start from knowledge of
the pollutant emissions from the plant and to calculate ground
level concentrations and thus estimate both direct human
exposures through inhalation, and where relevant indirect
exposures through the food chain. From the magnitude of these
exposures the magnitude of health outcomes can be calculated.

Epidemiological studies

The vast majority of epidemiological studies have focused on
older generations of incinerators and there are none specific
to modem EfW plants. The studies have looked for spatial
pattems in three categories of disease viz, cancer, respiratory
and reproductive diseases. A typical approach is to cohstruct
concentric barids around an incinerator looking for differences
in the prevalence of disease, with proximity used as a surrogaty

for pollutant exposure. There are a number of difficulties ang(> s &~ against both reproductive and cancer effects, it is unlikely that I/

drawbacks associated with this approach, not least of wh@} $(\
is that there is frequently a gradient in the social makedpQ
populations such that there is a higher level of de \a@ itself
associated with a higher frequency of disease irrespefive of the
presence of the incineration plant, closer to the plant compared
with further away. Studies which have carefullypControlled for
so-called socio-economic confounding hach@Q;enerally failed

to find any convincing evidence of an adveérse health outcome
associated with living in close proximity to an incineration plant.

&t
L

Calculation of impacts from emissions data
Incineration emits a wide range of typical combustion-
generated pollutants in line with other major combustion plant.
The main difference between modern incinerators and, for
example, power stations is that incinerators tend to have more
sophisticated pollution abatement technologies. The most
important pollutant emissions include sulphur dioxide, oxides

- of nitrogen, particulate matter, hydrogen chloride, hydrogen

letite
7 NGE;

M
t
associated with less than one additional hospital admission for |
respiratory or cardiovascular disease and less than one death I
brought forward per year. Calculation of population exposures
to chemical carcinogens including arsenic, nickel, chromium and
PAH shows a negligible impact on cancer rates. For dioxins and
furans direct expggure through inhalation is a small contributor
to exposure, which is dominated by exposure through foodstuffs.
Calculation&dioxin and furan transfers through the food chain
int@%@grown produce indicates that the maximally exposed
%g{duals around a modern incinerator receive well under 1% of
total dioxin intake as a result of incinerator emissions. Since
sthe tolerable daily intake for dioxins is designed to be protective

1
]
i
;

i

exposure as a result of incinerator emissions is a significant ‘-
contributor to these diseases.

Energy from Waste: A good practice guide © CIWM, November 2003
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