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1 BACKGROUND INFORMATION

1.1 OVERVIEW

Meat and bone meal (MBM) Is produced by cooking discarded animal tissues,
removmg moisture and ooltectrng the melted fat (as fallow), Ieavmg residual solids
which are putvensed to produce MEM. The hrgh protein content of MBM (circa "
50 %) led to its inclusion in animal diets throughout the world. In the 1980's Bovine

: Sponglform Encephalopathy (BSE) a novel.fatal disease of caftle, emerged in. the

K reachrng epldemro proportrons very quickly.- The role of MBM in the spread of

" BSE Is now well established (Phillips et al,, 2000) and restrictions on the use of MBM

. ag a feed supplement have been introduced as part of control measures to cornbat
this disease (European Commission,.1994, 2001a; European Council, 2000).

g‘l 2 MEAT AND BONE MEAL

1 2.1 lntroductron &
Meat and bone meal (MBM) is produced through tt@ renderrng of antmat oﬁat and

hone Waste collected from abattorrs butohedfs\ aﬁ\d meat processors. The rendering
L process is essentrally a serres of fat an%&ﬁ@sture removal steps whtch reduces the v.‘g..

volume of this ‘materlal by approxrgﬁ0 e@ a factor of four. (McDowelt 1997) and -

stabilises the decay processes rpg%tﬁral waste. The fat removed during the process

is refined and sold as tallow (@?\ghal fat) to food, feed and pharmaceutical industries.

The remaining solid portio off the rendered material is the MBM, a microbiologically

sterile powdered productwith simple storage requirements, that has been utilised as
a protein supplement in animal feeds.

Restrictions have been introduced by the EU to regulate the use of MBM as a feed
supplement in response to the BSE crisis. Initially, the restrictions: prohibited the

inclusion of ruminant derived MBM in ruminant diets, In Ireland there was an

additional votuntary but widely practised exclusion of MBM from pig and poultry diets

in response {o a perceived consumer demand, At present there is a fotal ban on the .
| use and export of MBM which was introduced in January 2001 as a temporary

measure in response to the growing number of BSE cases identified in Lhe EU
_;__T_____:_( pe (Jornmlslen 2-000) T T S e AT S P e T e T e T L il T R T TFai T e e e tine ot EECERR S RN R R ) St e
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In the absence of a market for MBMas a protein SUpplement the rendering industry
@ fulfils a role as a waste management service for the meat industry. The waste

management function of rendering Is somewhat incomplete, however, because a
sustainable disposal outlet / system must then be found to safely utilise / dispose of
the output of the rendering plant. Before the onset of BSE, g rendering plant was,a
self-sustamxng and profitable business, purchasing raw ‘material from méat factones
butchers and fallen animal collectors (knackers) for processing and onward sale as a
protein supplement with a valus of approximately €180 / tonne. Currently there are
- few ouﬂets for MBM which has fallen in’ value to-€65. / tonne and in recent years '
| renderlng plants have !ntroduced a gats fee to accept and process conagnments of

meat and animal waste. This situatlon illustrates the changed environment in which
| the rendering industry operates today.

In the absence of other wasts treatment options, the continued operation of the
rendering process is necessary for the sustainable operation of the lrish meat
~ industry. Figures prepared by the lrish GovernmentsCentral Statistics Office show

that for 1998, livestock and livestock produc&s@%cntnbute 4.68% of lrish Gross
o Domestic Product (GDP) and sa. the xmp

3% of mamtammg thns lndustry is dear,"
o (Central Statlstlcs Off ce 2001) L &Q’b o Fa o

Q&

@ S
1.2.2 The Rendermg Procesa\&

As an animal is processed tﬂfough a meat factory, the carcass is partitioned and
those parts of the am@ that cannot be utilised for human consumption are
separated for other usé}s Thesé uses include pet food production and MBM / tallow
@ production. Pet food production is sometimes termed as ‘low-risk’ rendering while
MBM production is termed ‘high-risk’ rendering. These designations are related to the
different microbial load associated with the material dispatched to the two different

. industries and do. not relate to a BSE risk- An abattoir would typically sell stomachs;——————
some organs and various other tissus parts for pet food production while fat trimmed
during carcass preparation may be processed on-site in a fat-melting plant for use as

food-grade ‘animal fat. The remaining material that cannot be otherwise utilised is

sent to a high-risk rendering plant and may include bones, feet, the trachea and parts
e of the gg; 118, Rroportion. of =mr1=' by:producls=pn

1
Amamnasa by =—_-;-h-..r)‘__._'
0L 20IMal=DY ap;q-_z;__,r:ae-::' SOV ESSCHEOIELT

ptiona will vary from site to site and over time depending o
and logistical factors. '

n prevailing ecoromic
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The other input to the rendering plants Is sourced from the tetail butchery trade .

where tiimmings and other assorted wastes are collected and brought by a waste @
contractor to the rendering plant.

On entering a rendermg plant, the material is dumped either directly into recexvmg
bunkers or onto the floor of the receivirig hall, If the material is unloaded onto the
floor, the plant operator may take the opportunity to mix the' Incoming raw materials
somewhat to provide a relattvely homogeneous feed to the process eanpment in
terms of, meat- and bone .levels, No attempt is made or requxred at thts stags to
segregate the raw material by ongln or species, Most rendermg plants would recelvs
bovine, ovnne_ and porcine material in proportion to the prevailing agnoultura\ practice
of the plant's catchment area, Some plants may take in poultry waste although it is
customary for poultry unite to operate a closed system and so little poultry material is @
sent to the rendering plants. The term 'closed system' in this instance indicates that,
typically, the wasts material produced from the slaughter line of a podltry unit is

processed on-sits into poultry offal meal (POM) whtchﬁthen incorporated into feed

for use In the chicken rearing houses &°
NS
. ’ A ) ) e Os\d‘ 4 {' Lot

The raw matenal is; conveyed from the ra;%v?bg area to a senes of pre-breakers and

crushers Wthh reduce the partxcle%e to below 50 mm, as reqmred by current

legislation (European Commnss{éﬁ%\"teeea) The crushed materlal is conveyed to-

steam jacketed vessels and t\\et% for the duration of the cooking process. During

cooking (approximately 2cﬁours), the material is agitated, free-flowing fats are

allowed to drain from th% bottom of the cooking vessel and moisture is' removed.

Originally, this process was carried out on a batch basis but in recent years, é

continuous cookers have become standard. The cooked material is then transferred

to expetler presses {a extract further tallow from the hot material under a pressure of

apprommately 40 MPa. Finally, the material is cooled and milled prior to baggingor

bulk storage at ambient temperature. In 1996, as a response to the BSE crisis, the

European Commission introduced an additional step into the rendering process to
" reduce the risk of BSE infectivity being present in MBM' (European Commrssmn

1996a) This requirement calls for the MBM to be held at 133 °C at a pressure of 3

bar (absolute\ ror.—?.o =minutes=Thi

IS

parbatc: N ats e SMEntemeay - Ul ey - b -
camed out at any stage of the orocess, but UeUa”y in Ireland the finished meal is

ireated prior to milling and storage. The scientific besis for this heat treatment step is
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discussed in Section 1 3.5. A flow diagram of the rendermg process {s given m Figure

@‘ 14

Physically, MBM may be described as a powdered solid with a distinctive n%eaty
smell and a brown colour, Physical and chemical properties of a typlcal batch of '
MBM as produced-in Ireland are given.'i'n_Table 1.1; although it Is noted that these
may vary depending on the offals processed by the factory on a daily / weekly basis.
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Flgure 1.1: Flow diagram depxctmg the productton of meat and bone meal and

tallow.
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“ Table 1.1 Typlcal physical and chemical properties of Irish meat and bone meal

(DAF, 1998, Persanal Communication) . | . @

Property Value

Density 600 kg/m®

Molsture . - 7.0% whw

Crude Profeln " 48.0 % wiw

Crude Oil 13.0 % wiw

_Crude Fibre 20 % Wi .

'..._'Cmde Ash " 300 % wiw
'Calcxum ' 10.0 % wiw
Phosphorus 5.0 % wlw}

Gross Energy 16.2 MJfkg

As mentioned in Section 1.1, MBM has been widely lgaﬁahcated in the spread of BSE,
This situation has focussed much scientific attenn@ﬁ on the practices of the rendermg

mdustry and on the uses of its products E&g@ns and epldemlology of the dlsease

BRI now dtscussed i some detaxl : &0

,‘\, .
QOQ(\é

1.3 BOVINE SPONGIFORM ENCEPK%@&PATHY (BSE)
1.3.1 Introduction <& *\

(;

" First identified in Novemtgg? 1986 in the United Kingdom (UK) (Wells et al., 1987),
Baovine Sponglform Eﬁcephaiopathy (BSE) is" member of the Transmissible

Degenerative Encephalopathies (TDE)" (Fraser et al., 1888; Hope et al., 1988), of ()
- which scrapie in sheep and Creutzfeld-Jakob Disease (CJD) in humans ars beftsr
known examples, It is a progressive degenerative disease of the central nervous

system that does not produce fever and elicits no immune or inflammatory respbnse"”"“""’“"”‘""""“"' |
In the affected animal. Typical incubation periods for BSE are 4-8 years (Kimberlin
. 1993; Stekel et al., 1996) and the disease course varies from less than 2 weeks to 14

months; resulting in. death within 4 months after the appearance-of clinical signs
’“(Brle‘\?v'er 1899). Symptoms of BSE include in-coardination, repetitive movements and

aggresswe behawour in bovmes leadmo tathe common nama:Med:CowBis 5

M -
N I I i
el SO S e oo
‘it Tl ROt W r LA G U O T TR TSR ey
B i S
vuv-v"“:" o o

! Although these diseassas

commoniy described &5 Transmissible Spongifem Encephziopathizs (
Trznsmissible Deganzrztive

E c=o‘1=lop=tny (‘DC) is prax.rn:d refle c‘mg the rx stopzihologica
naatroieﬁiﬂi-’a‘-ﬁ:ﬁén iy Ganirzit

i
3y s :' -
: CanleiMonsus S SYHEMNAT :yror ’UUU) o @
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Disease _eonﬂrmatton ‘can ‘be . achte_ved by a postmortem htstog:atholdgical
examination of brain tissus which will appear vacuolated and spongy in a diseased
animal. Recently, the European Commission has validated & number of rapid tests
(European Commisslen, 2000, 2001b) for use in disease confi rmatton allowing the -
implementation of expanded testmg regimes. The Enfer test, which was developed in '
Ireland, is one of these valldated tests and is likely to see major use from 2001
onwards as the Department of Agriculiure and Food (DAF) implement an active BSE

. -..survelllance scheme for the Irish-herd based on rapld test methods, The Enfer testis -

a novel hlgh throughput chemllumtnescent lmmunoasseyl -which can b8 compteted
in under 4 hours, using a polyclonal anti-PrP antibody for detection. The test itself
comprises of a raptd sample exiraction procedurs, coupled to an ELISA techmque,
using a polyclonal priznary antibody, a Horse Radish Peroxidase-conjugated

secondary antibody and an enhanced chemiluminescent reagent (European
Commission, 2000, 2001b); ‘

1.3.2 Causative Agent | ' @

. The prec(se nature of the causativg age \@'%SE remams unresolved (Horn. 2001)., o

It lS generally accepted however, thﬁth@ tnfecttoue agent | is a mutated prlon gene’ - kS
WhtCh induces tha converslon of egeimal prion protexn (PrP) to the disease associated
form (PrP™) (Prusiner, 1993@\& prion protein (PrP) is a small self-replicating
glycosylated protein molecute@tound in the brain cell membrane. An infective prion is
one which has undergogﬁa conformational change and in the procees becomes heat
resistant and protea§é~resnetant The causative agent is not live in that it has na
aseocxated nuclelc acid but the transformatton appears to be a physio-chemical
phenomenon, When a distorted prion molecule reaches the prions in the brain cell
membrane of a host, the distorted molecule is able to act as a template to cause a

normal. prion. protein malecule to adopt a similar distorted ehape..The. process is then—— .
self-replicating as each mutated molecule is able to act as a template to distort
another normal molecule. This process causes brain lesions in the affected animal

resulttng in the classic ‘mad cow' symptoms of the dtsease fol!owed by death within 4
months of the appearance of the initial clinical sngns

i Py T et et T St Ty P SRRy XY PP PUPr

Alternative theones have been oroposed for the ongln and route of BSE infsction,

The bacterium hypothesis proposad by Ebringer et al. (1997) proposes that BSE. is

an autoimmune .diseass iriggared hy sxnosura of caiila o b2
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“ molecular sequences which resemble those of, and cause cross-reactivity with, brain’ @
tissue. The particular bacteria suggested is Acinetobacter calcoacstius which is
commienly found in the green offal of cattle and contalns proteins similar to the prion

protein. The bacterium hypothesls is not generally accepted as a credible explanation

for the origin of BSE (Phillips. st al, 2000) not least because Acinetobacter

calcoacetius would be Killed by the rendenng process. A further theory, the
organophosphate theory, links the emergence of BSE with the widespread use of
these chemicals in the late 1970's to combat warble fly in cat‘de (Purdey, 1998) The
~ BSE. Inquiry (Phillips et al, 2000) concluded that a dlrect toxu: effect by
g 1‘organoph05phates an nerve cells. is unlikely" al‘chough thers'is a poss;bmty that

organophophates may be shown ta have a cantributary effect in the spread of BSE
by affecting the resistance of the animal to the infective agent.

- 1.3.3 The role of MBM in the spread of BSE

When BSE was first identified in the UK, it was postulated that the mc\usnon of MBM
made from scraple Infected sheep in bovine feed w}é’s the source of the BSE

epidemic (Wilesmith et al., 1991) implying that sc@pie a diseass of sheep. had
_ crossedthe epecles barnerto cattle i N rf}‘. .

: Wth regard to the orlgln of the BSE 3@5&, the fol[owmg polnts should be consxdered
a. During the peried 1970—1985 &%@K had the largest population of sheep and the

third largest population of ceﬁle within the EU. Overall, the UK had one of the

highest ratios of sheep t@%atﬂe
2

b. It is estimated that, in the UK, there are hefween five and ten thousand cases of é
scraple in sheep per year. Comparisons with other countries cannot be made
since corresponding data are not available. If the proportion of sheep to catile
" . carcasses included.in.MBM reflects the proportions in the"standing stoeks then
o UK MBM would contain a relatively high level of scrapie infected material.

¢. This material may have include_d-e BSE s'tra‘m.'Although fo scrapie"Straih et
identified has the cha’racteristics of BSE, the evidence for ruling it out is not

.. ..strong since It is.based op shudies: of oalie-smalFrumtiedtserapie-infecea™ e

sheep. Furthermers, it is known that-scrapie strains can on occasion change their

characigristics on transmission through a new speci:s Other possible
a|<5$::gn?h+ Rav

-1
=SR] ;‘—.--: -
T St

sources of
reineludsd-in-the VBN Contaned n e siarer @

L
e
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ratlons of artificlally reared calves Include a sporadlo evenrt In a oow or TSE
" Infected tlssus from other sources, such as goals or exotlo ungulates

Taking these considerations together, and recognising that many assumpﬁons are
implicit in them, It seems likely that over the years when MBM was widely used in
cattle feed an unusual conoetenatlon of events occurred in the UK during the perlod '
1970 to the 1980s, The diet of many calves was changed so that MBM was included '_
in their starter rations. Furthermors, the MBM is likely to have lrioluded a relatlvely

- . high level of scrapre mfeoted matenal Changes ll'l rendering processes may have |

' resulted ina small but olmloally srgmﬂcant increase in the degree of mfeotrvrty of this
material In- MBM,

The practice of lnoludlno MBM in the diet of calves for most of the first twelve weeks
of thelr lives bagan in the mid 1970s in the UK, but does not appear to have been
common n continental Europe and the USA. This practice raises the question of
whether there Is a sensitive period of susceptibllify* that young calves -are n‘i'ore’_
susceptible ’chan adult cattle to the infective agenbﬁ?lom 2001) ’

L There rs some doubt over thls ;gegf however as a number of slgnrl"oant" |
'eprdemrologlcel and pathologrcaléﬁ‘@ﬁlences have been distinguished between the
two diseases, Thess drﬁererg)c{e\@‘are most apparent in the host range - BSE has
occurred in a much wider rahg% of species than scrapie. Bruce et al. (1997) reported
that the braln lesion proﬁe for which that produced by BSE is different to known
scrapie strains althougch Horn (2001) noted that this study involved a relatively small

number of scrapie-infected sheep from the UK and does not offer sufficient evidence
ta exclude an unmodified scrapie agent as the agent of BSE.

The- theory-reported-by-the~ BSE- Inquiry~stgtested that™ BS Eoriginafed from the
sporadic mutation of the gene coding for the prlon protein (PrP) gene in an animal -
most probably a hovlne (Phillips et al., 2000). The affected animal developed an
+ ‘abnormal type of prien protein (PrP™) which caused neural degéneration and finally

~death. The practice of rendering animal waste into MBM for use as a feed
supplement would have. resulted.in.pumbezafanimalssbs

el 2d.inp -animalssheingrerpossdto e misoive.
agent through the consumption of feedstuffs contaminated with the mutaizd prions of

the original host animal. It was proposad at the BSE Inquiry (Phillios et &/, 2000) that
_the_ DF|G|1_Q1__TF11- disassswes-masi-lils .

............ mostlikely a-raridonT matEion in a single point source
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in the Southwest of Eng[amd This smgle ammal would have been rendered and the @
-resuftant MBM included in ‘feed rations causing a further series of prion modification

In animals which again would have been rendered as fallen animals. The original .
gene mutation - and resultant prion infection - probably occurred In the early 1970,
anda number of ‘waves' of the disease then occurred but were not recognised as a
' new disease (Phillips et al,, 2000). The 'reﬁdefing preeedures in use at that time were
not have been capable of sufficlently reducing BSE Infectivity In the raw material - a
. sftuation which continued until specific measures were xmroduced to Inactfvate BSE
. mfectwnty (European Commlselon, 1996a) The recyclmg nature of feeding. cattle: |
usmg MBM derived from bovine weste, mcludmg fallen ammals, creatsd a situation
Where increasing amounts of infected material were being processed by the
rendering plants. This materlal would have comprised a comblnation of entire
" carcasses from the early undiagnosed BéE cases and also the by—vproducts of other, @
apparently healthy, animals Incubating the disease at a sub-clinical !evel which were
' sleughtered for human consumption. The disease was thus fuelled by recycling
infected BSE carcasses’ via the MBM route and this c;f%hcal spiral was halted only

when an MBM feed ban for ruminants was Int\{od@ed and fully lmplemented Itis o
also, possxble that an infected ammal was u és the tissue source for a vetermary o
v praduct which then infécted " m.nmber\téi9 \e’mmals but the dramatlc gffect of the -
" ruminant feed ban In the UK woulgu\%y@gest that feed was the main route of the
disease. lt {s also noted that rg@e\&? reports have emerged of evidence of 3 link
between BSE and scraple (Bekﬁé% 2001). This research may yet see the ‘scraple

hypothesls’ gaining ac:cep@ce again underlining the evolving nature of scientific
knowledge in this area.

Epidemiological investigation suggests that BSE was identified duringj the third wave,
by whxch time the disease was relatively widespread throughout the UK herd (Phl”lps
e etal ,_2000) -This situation prowded the-mechanisin by Wthh “ihe disease outbreak
appeared ta reach epidemic proportions extremely quickly.

In the early stages of the MBM feed ban, the ban was nefiective as existing st.ojc'k'sl of
MBM - which were most probably infectious - continued to be fed to animals and

__wers_not_destroved -ln—addionm=it=war=r{=appréoaed now easly coss

contamination could occur in feed plants producing both ruminant and non-ruminant
iesds which allowed {races of - probably infectious ~ bovina rendzred material to bs

included. in fzedstufis destined-lorruminant digs " Axar these pOlmS were addressed @
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the epldemic began a downward trend and it would appear that a wellmanaged feed
@ ban Is a critical mechanism for the reduction and control of BSE levels. -

In the years pﬁpr to the identification of BSE, a number of operational changes were
introduced to the rendering industry which are thought té be factors inthe emergence

of BSE. In tandem with the- scrapie origin theary, thess chanlqes,' nétaBIy the Switch
from batch to continucus processing and the abandonment of solvent extraction
- procedures wers thought to have diminished the abmty of the rendermg process ta

reduce. scrapie mfecthty in. MBM (\Nllesmxth et al., 1991) It was. thought that in the '

UK during the 1970's and 1980's scraple infectivity was present in MBM at levels |

sufficient to breach the ovine-bovine species barrler and transfer to cattle. Although
no commercial rendering procedure is capable of completely inactivating the BSE
agent (Phillips et al,, 2000), it is suggested that the new rendering procedures may
@ have led fo a ten-fold decrease in the inactivation of BSE by rendering (Horn, 2001).

This decrease may have allowed a level of infectivity to remaln after rendering th.at'
was sufficient to Initiate and sustain an epidemic. é\\?g’ h ’ ‘ T

‘(\
. O@%@
é??\o '

1.3.4 Dlsease Transmissmn o

Transmxssxon of BSE thrcugh contan@%&éd feed Is the pnmary route of mfectlon in "

bovines. The Introductlon of the Wﬁant feed ban in the UK qulckly reduced the
- incidenca of BSE although @ﬁ\ &ses of BSE did continue to appear. Incomplete

Implementation of feed cong@s and the use of stockpiled feed can lead to the

effectiveness of such a baﬁ\ being reduced ~ particularly in its early stages. While the'

majority of BSE cases arose by ingestion, it was recognised that there is a possibility
@ ~ that some vertical and horizontal transmission may occur and a number of studies
were camried out to investigate these alternative transmission mechanisms.

oo Maternali~ or-verticali-transmissionr~ in—scrapiethe “most Tesearched TOE, has

established the existence of maternal transmission and in 1988, a major study was

~carried out by the UK Ministry of Agriculture, Food and Fisheries (MAFF) to
investigate maternal transmission in BSE. In'this stdy, the iricidence of BSE in 300,

calves from BSE-infected dams was monitored and compared with a control group of
300 calves from_nop:infected. dams.-Ths

B v et oot kA

“incidence in the oifspring of infected dams was 10% higher than the control group,

The study could not, however, differentiate between direct maternal transmission and

-

@ _any.inhetied.ganatic- suseepiis)

ity The10% rate IS genarally accepted for maternal

Yo UM =raguits=ol=lings ::Luuy :UQQESIEG What BSE™ T

[3de pTobe, e e+ i e
i
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' ',-One of ‘the major dlfﬂcu!tles wath tha iy

——displacement-autaciavingrat=i26=s

transmiséion but would nét bs sufﬁcienf to maintain the BSE epidemic in the UK and

is & contributory factor alongside oral infection through contaminated feed (Cummins,
2001, Personal Communication; Horn, 2001).

Horizontal transmission of BSE through the herd has been monltored but h’ctle ammal

to animal spread has been observed (Hoinvx{{e, 1995) The BSE mqulry concluded |

that the occurrence of lateral transmission for BSE in catt(e has not been conclusively
proven (Phllhps etal, 2000)

Studie's by MAFF (MAFF," 1997a) using delibérately Infected calves detected - -

infectivity in animals three months prior to the onset of clinical symptoms implying the
existence of a sub-clinical phase of the disease whera the animal contains infectivity
but has shown no clinical signs. This phenomenon is a cause of some concern for
the continued inclusion of MBM as an ingredient in animal feed as it appears that

BSE infectivity could be present in apparently healthy cattle sent for slaughter and

subsequent consumption by animals and humans. @\"& '
‘(\

‘ N
N
- 1.3, 5 lnactnvatxon of BSE L o“\oé\ e

- the Iack of knowledge surrm,mdgggO d%e disease and its inactivation. Inactivation
studies carried out on the cags‘i@e agents of TDEs, of which BSE is a member,
have shown that they are rel@fﬁﬁely resistant to inactivation (Taylor 19993, 1993). In
order to achieve decon{gﬁninatlon rigorous chemical or physmal procedures are

required. The majority ccﬁ data on inactivation studies has been collécted on scrapie,
w_hlch is a TDE disease of sheep, first identified over 250 years ago (Bradley, 2001),

on which much research has been undertaken.

enta’uon of regulatlons to control BSE is '.

1.8.8.1-Thermal [nactivation

Thermal decontamination of the scrapie agent is complicated by the existence of

several different strains of the same agent, as these strains exhibit d\ﬁerences in

.thexr thermostab:hty Ina study carried out by DlelﬂSOﬂ (1976) it was shown that

scrapie strain 130A ‘was completely-maotlvated when exposed to gravity

inactivated when exposed to {he same temperature for four hours, When the irials

were repeated using porous foad autoclaving it was shown that both of the above
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stralns of scrapis agent were maotxvated at a temperaturs of 136 °C for four minutes
(Kimberlin et al., 1983).

JoK|

In a gravity displacement autoclave, the air in the sterilisation chamber is displaced i
as steam fllls into the chamber while in a porous load autoclave, a vacuum renf'lloves- ’
the air from the chamber allowing a rapld influx of steam. This o'pera’iion'a{ difference
would ‘appear to have significance in terms of the rapid thermal fi xaﬁon of the TDE
agent and the consequent protectlon from mactlvatlon durmg porous !oad autoclave

T stenhsation of TDE agents

Mare recent studies have shown that BSE agent and two stfains of rodent passaged

scraple agent survived exposure to porous load autoclaving cycles of 134 to 138 °C

. for 18 minutes (Taylor ef al, 1994) although the brain macerates used in these

studies were much larger (340 mg) when compared with previous studies which only
used 50 mg (Kimberlin et al., 1983). ‘ o

o‘g"
' Dunng the studies carried out on poraus lo\ed\e‘utoclavmg by Taylor et a/ (1 994) it
-was observed that: the thermostabmty W partxcular strain, aof. scrapie agent 22A S
. was enhanceoL by an lncrease ln temb\g?ature The explanation given for thls is that'

- the braln macerates become égzﬁ'beéred and dried onto the surface of the giass
confalners and it has bee@ sh%wn that the scrapie agent is more resistant to
inactivation when Infected gfam tissue becomes dried onta glass or metal surfaces
(Asher ef al., 1987), lg&%s also been shown that macerated infected brain tissue
survived autoclaving at 134 °C for one hour whereas the same quantity of
uncomminuted infected brain tissue became inactivated after eight minutes exposure

to the same temperature. It has been suggested that the reason for this is the rapid

heat fixation of the PrP™ prion protein in the macerated bram tissue Wthh would
enhance the thermostability of the scrapte & agent (Asher et al., 1987) )

Drying of the scrapie agent was found to enhance its thermostabmty (Asher et al.,
1987) atthough it may be poss;ble that the survival of TDE agents in these
experiments could be due to the stablhsmg effect of moisture removal. [n an extrema

.case Rrown ef.al. HOOF\.)-FspaFted-pET survival oiscrapie |o|Fow1ng cxposure to

360 °C for one hour. The sample had, however, initially been freeze dried, depicting

unusual circumnstances. The survival of lyophilised infectivity after exposure to 360 °C

— e earmem e -
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7 the recommended thérmal procedur

has led to some speculation that the effectiveness of incineration for ina_otiveting
scrapie-like agents should be questioned.

In studies carried out on the effect of different rendering procedures (Taylor et al.,

1895 and Taylor ef al,, 1997) on scrapie and BSE it was found that only those -

rendering procedures,using pressure for a period of time greater than 18 minutes.and
temperatures greater than 134 °C were effective in decontaminating the scrapie and
BSE agents. No infectivity was found in any of the tatlow samples examined.

o On the basrs of the above expenments the thermal treatment of meat and bone mea{

using the conditions of 133 °C for 20 minutes at 3 bar pressure (absolute), wrth a
. particle size of 50 mm, were adopted by the EU as law - Commission Decision
96/449/EC, '(European Commission, 1996a)., Similar studies were carried out by
Schreuder ef al, (1998) to assess the efficacy of variations in the hyperbaric
procedures used at the two rendering plants In the Netherlands including the above
required EU thermal treatment. The results indicated Ihat by using the recommended
EU procedure a reduction in BSE Infectivity of 1@@ to 1000 fold is obtained. These
) studres however rmplred that where th e@gﬁ%f mfectrwty in a sample Is very high

infected. Schreuder et al., (19§%~&Rowever goes on to say that any risk from high
level infectious material woui@be blocked by the ban on rendering specified risk

materials from rumman@s\ lt was acknowledged by the EU Scientific Veterinary

Committee (Screntrﬂoc’(/etermary Committee, 1996) that the above recommended -

process conditions are confirmed to result in a safe product i.e. MBM which, when
included in feedstuffs, will not inducs infection.

1.3.5.2 Chemical Inactivation.. .« ..

v

3°5C {or 20 ‘minutes at 3 bar’ ‘pressure . *
(absolute), would not be suff creﬁb{‘go oompletely inactivate the material which is

It was reported by Mould et al. (1865), that scrapie infectivity was not inactivated over
the pH range 2-10. Later work by Brown et al. (1986) concluded that exposure 1 M
sodium- hydroxide (pH = 14) for 1. hour rnaotrvated some named strams of sorapre
Recent work by Taylor et al. (1998) has shown that BSE oan be inactivated by boiling

in 1 M sodium hydr 0><.‘.@§-_.l_9_f.-~.1_m!.@@P@-.JhLs--w.Q._r-}s—la-beu.nc:-runbe.reieaemeci-_@w- -

larger scale with a-view to establishing a commercial fzcility for ths destruction of

. BSE infected carcasses (Hamilton, Personal Communication, 2000). A recent ariicle
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In Render magazine repértéd on the development of a rendering. procsdurs

incorporating hot alkall to produce animal meal at lower temperatures to maximise

. protein digestibility without sacrificing BSE inactlvation (Caprella, 2001).

Sodium hypoohlorite solutions are the only other decontamination procedures proven
ta b effective at Inactivating BSE infectivity (Taylor, 2000). Research by Kimberiin et
al. (1983) demonstrated that sodium hypochlorite was effective in inactivating scraple
infactwtty and recommended that a so!utron .of 20,000 ppm should be apphed for 1
hour Later studies by Tay!or ot al, (1994) showed no detectable infectivity in BSE

infected samples treated wnth sodium hypochionte solutions over a range of times
and solution strengths.

1.3.6 Human Risks from BSE

Creutzfeld-Jakoh Diseass (CJD) is a fatal TDE of humans which occurs s'poradicauy
at a rate of approximately 1 in 1 % 108 On the 20 March 19986, the UK government
annaunced ten cases of a new varlant of CJD &tg?med vCJD) that had emerged.
during 1994-85, and wers found by the CJ%A,SWSIHEHCG unit (CJDSU) to exhibit an-

L unusual combrnaﬂon of features ThereQOcﬁ?@?e na apparent ocoupatlonal ar hfestyle_ .
"'sfmtlarrtres that mlght suggest a c@mﬂ%n Hsk’ factor. Compared with prevrously'
: known CJD, the average age gﬁ’a@* younger, the duration of illness longer, the
- symptoms different, the electe@g@%ephalogram (EEG) brain activity different, and the -
- brain pathology different. Tbo appearance of this novel variant of an established TDE

at atime when BSE hadsbeen prevalent in the UK for some time raised concerns that

'BSE may have spread to humans as vCJD. Bruce et al. (1997) determined that,

based on brain lesion profiles, BSE infectivity and vCJD infectivity carry the same

signature which the authors conclude provides strong evidence that the same agent
strain is involved in vCJD and BSE.

FEm=amTy

On 20" March 1996, the UK government's Spongiform Enoephalopathy Advisory
Commmee (SEAC) stated:

On current data and in the absence of any credible alternative the most likely

::vnl::g Hepsakorossn tha ot ottemrs

<TESETaSES ars linked to exposure o BSE befors ihe
introduction of the Spec{ﬁed Bovine Offal (SBO) ban in 1989 (SEAC, 1996). .

.uuu/u lb ={rida
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'Reviewing that statement three years later, on 18" March 1989, SEAC concluded
that vCJD was an acquired prion diseass caused by exposure to BSE or a BSE-like

agents and stated that it recognised that not all new cases would necessarily relate

to exposure before the SBO ban (SEAC, 1998),

have been Identified by post-mortem examination (Department of Health (UK), 2001),
The first case of vCJD in the Republic of Ireland was diagnosed on the 11% June

: 1999 and remains the only case to date (WHO, 2001). There has also been three L
" confirmed cases of vCJD in France (WHO, 2001).. ’

* 4.3.7 BSE In the UK

1.3.7.1 Infroduction -

As discussed in Section 1.3.1, BSE was initially recognised in cattle in the UK in

1086 (Wells et al., 1287), When BSE-infected cattle started to dig, the carcasses

were rendered and the MBM included in protein suppfements for bavine feed which

caused an ampm" cation effect and preolpltated tQ@‘BSE crisis. The epidemic in cattle
, ll‘l Bntam reached w;despread proportlons &6@93 more than 1.000 cases per week. - -
'.were belng reported As’of the end OO 179 441 infected ows have been"‘”

. In the UK; as of 28" December 2000, some 88 definite and probabls cases of ¥CJO -+

iden’mr ed (European Cormmission 65.*912@). mvolvmg more than 50% of the dairy herds a

in the UK (MAFF, 2001). Protqm gg&pplements containing sheep and cattle offal were

banned In the UK in 1988, E«;ﬁ this ban was not stnctly enforced until 1991-1992,

Given the long 1ncubatxogz%f BSE, the epidemic curve did not start falling until late

1893. In 2000, 1 31? new cases: of BSE were identifled in the UK (European
Commission, 2001),

1.3.7.2 Culling Schemes

and tneir cohor‘s s given below. .

The UK op_gt@t.ag__a,.numbet_'of_.cu[ling-.schemes-which-—aim-~- to~accelerate~the

eradication of BSE by the slaughter of animals considered to be most at risk of
infection and therefore restore public confidence in the safety of British beef and

related by-products. A brief description of ‘three. of t'he.se‘cull schemes which are

related directly to control measures dealing with suspected or confirmed BSE cases
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.a) BSE suepecfé: Ariy caitle which are, in fﬁe opinion of a veterinary surgeon,
displaying clinleal symptoms which might indicats BSE must be destroyed and
the carcass sent directly o a designated incinerator for destruction,

b) The selective cull schems: This covers caftle Wthh are believed o have been fed
" the sams feed In the first few months of life as conﬂrmed RSE cases. Ths cattle
are slaughtered and either incinerated in carcass form at a designated inclnerator,
or rendered and stored as MBM for subsequent destruction.

" ¢) The offspring cull: This scheme recogrises that thers'is a siight risk of
transrmission of BSE from cow to calf. Therefore the offspring of female cattle
- which have been diagnosed as suffering from BSE are traced, slaughtered and

sent directly for incineration at designated facilities.

1.3.7.3 Over Thirty Months Scheme (OTMS)

In March 1896, the EU imposed a worldwide prohxbxgaan on the export of British Beef.

In respanse to this ban, the UK government mtr@ﬁced the aver thirty month: scheme’".
. (OTMS) which,. thh some. exceptlons oﬁg@%nbns the. salg. of meat for human

B '-f,"-_consumpﬂon from cattle aged aver. 3

ths at slaughter The scheme is mtended

ta restore consumer confdencg% prowde economic assistance to the beef
industry and goes beyond wha?QSgAC believe is stncﬂy necessary to protect public

health, ;Qo@

&

The carcasses of cafﬂoe slaughtered under the OTMS are required by European
Commlss;on Regulation 716/96 to be incinerated or sent to a rendering plant for

processmg and then destroyed. In view of the limited amount of incineration capacity
available in the UK the Government announced when the Scheme was being drawn

- up that. OTMS. waste- material: would - be-treated- primarily- by rendering- and- the ~—-—--

resultant products (MBM and tallow) disposed of by the best practicable
environmental option. Approximately 400 000 tonnes are stocked in the form of MBM
and 200 000 tonnes of tallow are awaiting destruction (MAFF, 1999).

1.3.7.4 Specmed Bovine Offal (SBO)

=za
T vt et et

(S ey
25

in 1989 MAFF d=med a list of tissues which ware d*

oo

= B e T e T A T T e
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T R T TSI R T T T
R m n F i im T R

lgnated as specmed bovine
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infectivily as determined by MAFF studies and thelr removal was intended to ‘@@
decrease the amount of infectivity entering UK rendering plants. These plants wers at
the time producing MBM for use in non-ruminant animal feed rations In the UK and
for export to countries without controls on the use of MBM In animal feedstuffs, The
general principle of the SBO ban was adopted by the EUasa part of the BSE control
measures formulated by the European Commlsslon The list was expanded to

include ovine and caprine material and renamed specified rtsk material (SRM) which
will be drscussed in greater detarl in Sactron 1 4 below

1. 4 SPECIFlED RISK MATER!AL (SRM)

As discussed in Section 1.2.2, a high-pressure stermsa’don step was introduced in the
rendering process wrth a view to inactivating the infectious agent. Research into BSE :
Inactivation, raviewed in Section 1.3.6, Has shown that this prdcedura would not be G
fully effective if very high infective loads were carrled in the raw material and so the .
" removal of those parts of an animal that present the grea’cést risk of infectivity was
required. This materiaf the SRM, is remaved and segrggated from the other offal at
slaughter. The use of SRM and any substanaa Qgr%duced from itis proh\brted m o
N amma! feed and all other food of feed appirc@ﬁ%@@ The matenal is staxned w«th coba(t, o
blue dye on removal to prevent accrdentaﬁgﬁraudalent usage and Is then processed‘
and stored separately to other anim es prior to dastructron
<<0* Q\\&J
Based on the original concept @qutha UK SBO ban as discussed in Section 1.3.7.3,
the SRM list was compiled gf a warking group established under the auspices of the -
European Union Screntrﬁc Steering Committes (SSC). The first task of the working é
group was to use current scientific opinion to assess infectivity in ‘the tissues of
susceptible farm animals with a view to establishing the risk to human and animal
populations in affected area's The odtcome of this assessment was formally adopted
- bythe SSCandisgivenin summary form as Table 1.2 below.
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Table 1.2: Categorisation of Infectivity in Animal Tissues as published by the
European Union Sclentific Steering Committes (SSC, 1997).
Category Orgar‘rs : | ‘

- High Infectivity Brain, eyes, spinal cord, dorsal root gangfia, dura matter,

pituitary, skull, vertebral column, lings and ovine and caprine
" spleens. - '

Medium Infectivily = Total intestine from duodenum fo rectunr, lymph rrodee;

L .. bovine spleen, tonsrl cerebrosprna[ fluid, adrenal,, .
- Low Infectivity - - - Nasal mucosa, perrpheral nerves, bone. marrow {'rver,. o
o pancreas thymus.

No Derected
Infectivity

Skeletal muscle, ear, kidnsy, coloetrum, milk, discrete
adipose tissues, salivary gland, saliva, thyroid, mammary
gland, ovary, testls, seminal testis, cartifaginous fissue,.

~connective tissus, skin, hair, blood clot, serum, urine, bile,

faeces g : . )
NS

Note: The assessment and allocation of the above trs&@@ to cerfain categories is based in part on

scraple titres, on the hrgh level of infectivity founq\vw fg?\e brain of BSE affected caitls, on the result of .

mice bioassay tests end on the presumed C.é&?@?‘gctivlty of human dur'a matfer and human prturtary LT

gland ‘based "on transplanl 'Some. bssue@%@ allocated fo hrgher categones due lo the possrble .
cantamination durlng slaughterhouee p ra.
VG

S A\\O’
\(’O

Arising from the rnformaat?on in Table 1.2 and with regard to the variation in the level
of infectivity, a suggcésted list of SRM was defined by the SSC. it was proposed
initially that the tissues included in this list, based on the species, age and relative
level of infectivity, should be excluded from the human and animal feed chains
depending on geographical source. The listing of tissues classified by the SSC as

SRM is given jn Table 1.3...
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Table 1.3: The Sclentific Steering Committee’s suggested list of specified risk @
materials fo be excluded from human and animal consumption except when derived

from a BSE free country with a negligible risk.

Tissue Specles!  Ags Basls
Brain B,0,C >12 months - Infectivity 1
Eyes B,0,C 512 months Infectivity
Dura matter  B,0,C >12 months  Contamination
Piutary = BOC . >12months Contamination -
' .Skuil S wBOC T »2ménths Contamlnatlon
Sptnal cord B,O,C >12 months  Infectivity in bovines and theoretical
_ back infection in caprines and ovines.
Dorsal root B.O.C >12 months  Infectivity in bovines and theoretical @
ganglia back Infection in caprines and ovines.
Vertebral BOC >12months Contamination and low infedivity
column ' . 0&‘
Spleen 0,C Allages infegﬁ??ty ,
 Intestine . B"O.,C.-,,:. Al ages g‘ﬁfectmty and- contamm?t)on
~Totsils - - BOC, 12 mogﬁ& Infectivity .
‘lung  BOC > éﬁyﬁhs Contamination
" Initials indicate species for whlch}is&ggn_g@s; 8 indicating Boving, O: Ovine and C: Caprine
&

&
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. _'handle SRM

1.5BSEINIRELAND . ,\
1.5.1 Introductlon
In Irefand, circa. 125,000 tonnes of MBM is produced annually from 427,000 tonnes

of raw material by seven renderlng plants. The plants are supervised by DAF staff -
and since 1 April, 1897, EU directive 96/449/EC which states that material must be

. rendered at 133°C under pressure of 3 bar for 20 mtnutes., was applied to thess
. plants. The raw material stream into the plants consists of meat factory and butcher-

shop waste. Animal species sent to rendering plants are matnly bovine, ovine and

. porcine with some. poultry materlal although it i Is usuat for poultry plants to operate an.’
on- sxte rendering facility producmg pouttry offal meal (POM) for feeding back to the

btrds. The levels of different species entering the plant will vary between the seven
plants and within each plant according to season and the prevailing level of activity in
the meat industry. Discussions with the operators of rendering plants in freland did
not: result In typical. specles comp'os'xtio'ns for the incoming material to rendering
plants although in 2001 Healy (Personal Communication, 2001) obtained some
species characterisation data by way of a euweyxcfta the Irish rendering lndustry as
shown in Figure 1.2 below - note at that staqe t{iere was a smgle plant destgnated to

' Unt(l quxte recently circa 50% of tﬁdéﬁlBM produced in lretand was utthsed asa feed |

ingredient on [rish farms bet@g @uded in ruminant, porcine and poultry rations. The

remainder was exported m@ﬁ(fy to Eastern Europe and also Asia where it was fed to

poultry destined for ex markets including Europe. Since the emergence of BSE

- and the associated restrictions on the uses of MBM in animal feed within Ireland,
- export markets have been increasingly sought for this material. The current — albeit

temporary - ban on the use of MBM for feed use to all farm animals has resulted in

. large amounts of MBM being stockpiled around the country awaltlng a viable dlsposat

[ UtliSatIoN QUHEE e vongr s s s e

i} . TR T AR i Ao AR A e R R NP ST S
i T T o A XA T R RS T T T o A e AR
S T T TR - ey T e ST T -
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Figure 1.2: Percentage composition by specles of incoming raw materlal to the

seven high risk rendering plants in freland (denoted as A to G) and the designated @
SRM rendering plant (Healy, 2001)..

.
1.5.2 BSE Incldence N

The numbers of cases of BSE identified in lrgia;q@?ir each year singe 1989 is given, -
_In Table 1.4. Griffin et al, (1897) d:g;grfp%g@%pi_dgr?ioxpg'y'-o'f'qu'i,h.thé,_ Republic.. +
-~ of Irefand. from 1989, When the diselaogeﬁwﬁs first reported up Until the end of 1996,

* The population at risk each year \g@o@%ﬁmated at 2.4 million anlmals. One hundred
and eighty nine cases were gdﬁ}é\ned between 1989 and 1996. Twelve of thess -

were imported animals. The\@i%ority of the cases were between 4 and 6 years of

age, which is consistent \gﬁ% a similar incubation period (average 5 years) reported

for the UK (Kimberlin et al,, 1993). Of the 189 cases, all except one were caws, the
remaining animal was an imported bull. There was higher incidence in dairy herds
than in suckler herds and the herd incidence was directly correlated with herd size asg
was also noted in the UK. The infectivity risk associated with the use of fat from the

spinal_area_in the. production of milk replacer for Galves should be considered in the

incidence of BSE in dairy herds. The use of milk replacer manufactured from fat
contaminated with SRM is strongly suspected

to be a factor in the spyea_d of BSE in
Germany (Honfkel, Personal Communication, 2001). The original source of the BSE

agent for catlle In the Republic of Ireland has not been conclusivaly e
However, the_availabls.data-susosst

stablished.

n . EUGG ISt e fOlIEWING: °CA5eS that had been imporis

irom the UK had acquired the BSE agent prior to imporiation into the Reoublic of

Ireland and, i) contaminated fzeds imported from the UK wers the indirsct sourcs of

- & wl e A o & e i e fama Vo e rmtim ol TRl g o aemeort Sma e e T
' . ! : memt i, 'l = e e T b e
.‘.l.-i.._w 4)..‘—'.!.!~.L\~.l_.‘-..‘:;. GBSO U ; .
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Tahle 1.4 The Incidence of BSE in Ireland to date (SdUrce: Office International des -
Eplzootes, 2002).

Year of confirmation  Number of cases

188" . 1§
1990 - 14
1891 17
1992 o 18,
cfee3.. . Tl
- 1984 49
1995 | 16
1996 73
1997 - 80
1998 83
1999 &5
\Qe\
2000 & 148
S
.2001 L &_Qo{@x. 246 =
2002 (to 3070/ z?@& o 054
oW Qé ’ l .
Total & : 1095
O
<<&Q§\°)
&

&

Between 1989 and 19%@‘,‘%\4 to 19 cases were reported ennually, while in 1998, 73

cases were reported Griffin ef al. (1997). The authors list the possible reasdns for this

increase as being: i) a higher level of detection and reporting than in previous years

and, 1i) the feeding of imported and native animal feeds which had been

cantaminated with protein concemrates contammg the BSE agent before and during’

Since 1996, the number of cases of BSE reported in lreland has increased. This

- would not be expected in view of the introduction of a feed ban which should have

removed the infected material from the feed chain. The most probable explanation for

3 Sttt —— ==
o P 4 = = S T e
e SEE U R UNCTE ST g SR cie

IOrEiS i a e aS e EWareness among Veterinary surgeons and farmers
coupled with the introduction of a compensation scheme resulted in an increased
reporting and dlagnOSIe of suspemd BSr- cases. l tis alao no

‘:d meL ihe ie d oan
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.: years .and confrary fo .predictions of diseass models (Cummins,

| | ,

\ ‘. N .
was not fully enforced until 1996 (Maguire, 1897) and therefore, allowing a disease

incubation period of up to five years, the number of cases of BSE could be sxpected .
to remain at these levels untii 2001,

The figures for BSE incidence in Ireland in 2000 showed a marked rise over pravious
Personal
Communication, 2001). The most likely cause for this rise is that case numbers had
been under-reported in previous years which implies that BSE was more wtdespread o
in lreland than ongxnally thought An assessment of BSE in lreland was. pubhshed A -

L " without peer revxew by the 'UK Food Standards Agency based on the assumptton
that 2000 was the first year that cass numbers were fully reported {Food Standards -

Agency, 2001). This report estimated, using back calculation methods, that up to
22,000 cattle were infected with BSE in Ireland in the period 1985 to 1998, : @

1,5.3 Control Measures

The following control measures apply where ammatesb‘%re either suspected of being
affected by, or have been confirmed as cases of QS% DAF 2002)

Suspect ammals are v131ted by b%ﬂé?egletennary mspector from the looal Dtstnct ;
Vetermary Oﬁ' {ce, and a vetenna@nie%earch officer from the Veterinary Research
Laboratory. The suspect ammgtﬁf;?euthanased a sample of the brain tissue Is sent
for testing, the entire Carcase\o‘tQBSE suspect animals are frozen and retained by the
Department; pending theﬁ@ﬁttlmate destruction, The herd in question Is Immediately
ptaced under official rescfnotton and quarantined.

An inventory of the herd and an initiat epidemiological investigation is carried
out. The course of the disease is monitored for a short while, following which, where -

BSE (s not r_ute_q___o_ut,._,suspects.are.. slaughtered and the brains takem to the oentralr

_th animals rs paid.iothefarmenby-thesStatarats

Veterinary Research Laboratory for examination using bath standard histelogy and
immunocyto chemistry.

If BSE is confirmed, the entire herds are depopulated and compensation for al|

tsuliTaETReevalisor tne“ammals S

e slaughter of the animals being depopulated and destroyed is carried out in a

specxal dedicated meat factory. The carcasses ars then rendered into mezt and bona

.-.-...'
DI

{
(
t)

(I)

fing=~piant—The—coliection traFgport, siaugnizr znd i
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destruction of the animals takes place under the direct control of the District
@ * Veterinary Office. The meat and bone meal and the tallow are excluded from the

- human food and animal feed chains, and Is stored in secured premises supervised
| by the Department pending incineration.:

:

Braln séctions of all the adult animals in the herds being depopulated are
extracted from the animals belng slaughtered and sent to the labaratory for testing for
- BSE. The brains are examined by histopathology and immunacyto chemistry. -

examination of farm records and a search of the farm to determine if any evidence of
_potential exposurs to meat and bonemeal can be found.

The affected farm is disinfected with an approved disinfectant (20,000 PPM of
available Chlorine) and left vacant for more than 30 dys.

\Qé

: _~_rendered in the same manner as degg%&ﬂ%ted herds "

N
oséi*“

1.5.4 SRM in Ireland <<°‘ A*\Q’
In February 1897, the Gou@mment of Ireland introduced Statutory Instrument 80
regarding the designatiof and removal of Specified Risk Material (SRM) and in May
1997, Eurepeen Commission Decision 97/312/EC (European Commission, 1997)
@ approved the implementation of the SRM list for Ireland and a number of other
countries, The following portions of animals are currently designated as SRM in
. Ireland and are excluded from human food and animal feed chains (DAF, 2002)

A full epidenifoibgfcal exerninatieh of the 'BSE case takes prace| including an

In all cases the progeny of the. eﬁe@ed\“ammal and the brrth cohorts of the L
: ;Aaffected anrmal are; treced purchased gfgﬁderket value slaughtered destroyed and S

- the skull, brain, eyes, tonsils and spinal cord of cattle over 12 months and the
intestine from the duodenum to the ractum of bovine ammals of all ages;
- the sku\l brarn, eyes, tonsrls and spinal cord of sheep and goats that are over

twelve months of age or that have one permanent rncrsor erup ed tnrough rhe
m=m== T ang (N8 SPIEan of sheep and goats of Bl ao:s

| This material Is removed on slaughter, permansntly stained and fransferrad fo 3
@ dedicated rendering plant. Approximately 800 tonnes/week of SRM material is

I
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delivered to the plants designated to handle\SRM, amounting to approximately
54 000 tonnes/annum comprising SRM (from abbatoirs, meat factorfes and
buicheries) and fallen animals. The SRM is rendered and the resultant MBM and
tallow ars stored pending destruction. The other input fo this plant are the cohorts of
a BSE mfected animal, removed as outlined in Section 1.5.3, whloh are slaughtered

.ata desrgnated meat plant In Co. Limerick, This: material remairis the property of

DAF and is processed separately from the SRM. Currently, the MBM and tallow

“produced from the depopulated herds is expor’ced for mcmeratlon m Europe Under
- .contract from DAF ~- . )

| '1 .8 DISPOSAL OF MBM

A safe and controlled strategy for the d1sposal / utmsatron of MBM / SRM is an
essential condltion for the contral of BSE, Ta be acceptable, the chosen method of
disposal must offer a safe, secure and environmentally acceptable solution at a
reasonable cost. Currently, Irish SRM-derived MBM Is shipped to mainland Europe
for incineration at a relatively high cost (approx.. €30§I tonne) and economic Issues
alone cast serious doubt over the long term gus@‘mabthty of this d[sposal route. The

srtuatron Is further complrcated by pohﬁca&g smes as the continumg axpor’: by Irgland

L ofa ‘domestically produced waste pr%d@:@b(s known to be Unpopuiar at EU level and S

s likely to be curtalled in the futurg}\ @(\@\

&
Every ruminant animal s\augﬂ?ered for human consump’clon in lreland produces a
volume of SRM which, pf law, must be disposed of In a manner which will exclude

this matena[.from the? food | feed chain, The mass of SRM in a typical animal -

weighing 540 kg will ‘amount to approximately 37.05 kg (Cumrnins et al, 2001).

Current sclentific opinion is leaning towards extension of the SRM portion of an

animal and so the current annual production may increase over time. The continued

_..operation of the Irish. meat industry is dependent on thé existence of an establishied

procedure for the disposal of SRM and economic and political pressures on the
current disposal route impose a requirement for the provision of a facility for the

disposal of MBM within [refand Wrth 1mmedlate apphcatron for the’ dxsposal of SRM
denved MBM,

_cndhe.f

A Task Force on the Beef Industry was
November 1888.

established by the lrish Government in

e remit of the group was to examine and make recommendations
5"\ A by

HITLIE
- ERS RN

-indusiry-oy-the-drawing-up~of "a straiegic plan of "2ction for the ™ ¢
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. sector covering the complete range of activity from on-farm production ta processing
and marketing. The final report of the task force on the beef industry In June 1999, .

(DAF, 1989) stated:

“The Task Farce recognises the need for the beef industry in Ireland to have access

'to appropriate waste handling faczlmes within the State. {t /s neither appropriate nor

sustainable in the long term that the sector should have to rely on the disposal and
destruction of its waste by other countrles, elther within the. EU or beyond. It

;recognlses that in. z‘he context of BSE controls which are I/ke/y fo !ast the handll‘ng .

and disposal of Specn’zed R/sk Material (SRM) wzll be a feature of the mdustry for the
foreseeable, future and to this end, a domestic disposal facility will be required. The
Task Force recommends that State support should be made avallable for the
establishment of such facilitles within the shértesf possible timeframe. There are
economic and food safety gains to be achleved by this action."

Landiill facilities have been used In the UK to oonthﬂ\ABM and carcasses although -
current OTMS rules call for thermal destmctuga céﬁthe material, Research has shown .
. {hat TDE agents will-survive mtermentﬁsﬁbenods up'tq thres ‘years.. Witholtia. - T
O .'sigmﬁcant drop in- 1nfectlwty (Brown gﬁd«%a;dusek 1991) and sa there Is a risk of

. ground water contamination throuﬁﬁ&he leaching of infectious maienal through the

soil. The use of engineered ba‘?r@?s and a leachate management programme could
control this problem to so @extent but further problems exist with regard to the
possible contamination ofssurface waters, the distribution of the material by rodents /
birds and the current resistance to the use of landfill for waste disposal at a local and
government level. In Ireland, the Environmental Protection Agency (EPA) have

indicated that it would not be in favour of the disposal of MBM in (andﬂll sites
(Macken, 2001, .Personal Commumcatlon)

o

- o

1.7 SUMMARY

This ch.apter_pr_oyl'des bagkground on the role of MBM in the spread of BSE along -

with the BSE control measurés introduced Ey regulatory aut thorities. These measures

included restrictions on the use of MBM in fesdstuffs and on which species could be

f H h({lphﬁ ﬂfl'\lJ ‘—\;_-'—J Se s ‘_

= e OIS TS PEGGe. 116 Testictions are hkely to continue for

the foreseeable futurs and so a sustainable outlet for MBM is required including use
as a fuel supplement.

e e i =
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2 RIsK ANAL‘(S[S | @

It is generally accepted that a safe and controlled sfrategy for the disposal or
' utsusa’uon of MBM/SRM Is an essential condition for the control of BSE, The (deal
dis posai method would offer a safe, secure and envnronmentelly accepiable solutlon
with an energy recovery component to offset the logistical and processing costs. The

use and behaviour of MBM as a co-fuel In combustion facilities has been researched
.and shown tq be successful (MeDonnell et al., 2001). .- T

With 're'gerd to human exposure and hence risks associated with the disposal or
utiisation of SRM-derived MBM, ourrent scientific literature and opinion " was
consulted and an exeosure assessment was carried out for the proposed operation. 6
Although the clinically infected animals identified on farms are not typically processed
through the SRM-derived MBM stream, the level of incldence of BSE will influence
the probability of material from anlmals Infected at sub-d%ﬁ’ cal and pre-clinical levels
entering the rendering plant. The risks to humans sss‘oclated with the combustion of
SRM- derived MBM needs to be quantified wgg q‘ftsk assessment Many elements of R
jnsk assessment reletmg to BSE ‘have be@ﬁé@\newed (Cummms &t al. 2001). In. this
research an exposure assessment w%s gd‘hducted as a measure of total sacletal risk,
o)
The guantitative exposure asse%%ment is consistent with the risk assessment
framework described in the&eport “Application of risk analysls to food standards
issues”, prepared by the EAONVHO expert consultation (WHO, 1985). Twa distinct
stages were taken in the development of the exposure assessment presented in this é
paper. Initially a deterministic model was designed using fixed worst-case values to
pravide the basic structure and this ‘model was then further developed into a o

stochastxc (Latin Hypercube sampling) - simulation- using” probability diskributions for
he most impartant input parameters.

2.1 MODELSTRUCTURE _ .
" The process of risk assessment is dlwded p into four stages hazar identification,

exposure assessment dose [esponse-assessmentand ez Tt SFETensaton. o
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21.1 Hazard identification '
: @ Hazard identification focuses on what can go wrong and how lt would happen A

hazard s & biclogical, cherical or physical agent whlch has the potential to cause an
adverss sffect. The collection of data relating to the diseass (e.g. BSE) (s carried out
during the hazard identification stage. Epldemiclogical and surveillance data are”

collected to quantify the factors "which contribute to the survival, mode of
transmission and growth of the disease.

2.1.2 Exposure assessment - - | Lo L
- Exposure assessment evaluates the 1kehhood of hazards oocumng and the .
" implications should they oceur. The' data collected In the hazard identification stage is
used to assess the potency with which the disease can infect taking info account
possible critical points which may act as conirol points to halt the disease, hasten its -
@ inactivatlon or reduce exposure. The pathways by which the disease -challenges
potential hosts are identified and the Initial disease concentration is examined as. this
may also have an impact when looking at exposure a&sfsessment.
' . %\o
2.1.3 Dose-Response assessment P 7@ o
Given the. fact that a host. has been W@ed to the. pathogen, what will’ be the SR

e "response of a susceptrble host be@t@tlarylng amounts of exposure'? A “dose- .’
response” Is used to translate ttg@%xposure assessifient into a response in terms of

lnfected host animals, The so‘*ap%ptlbmtylzmmumty of the host has to be taken into
account &

X

oo&é\

2.1.4 Risk characterisation
‘\ @ An integration of the information generated from 2ll the previous steps is performed
| in this step. Uncertainty around any parameters can be incorporated to see the
effects of these variations. This can peint to deficiencies in data or current knowledge

and direct future policy.decisions and research efforts to aodress problem areas, ™ """

2.2 MODEL PARAMETERS

The model cancentrates on the human’ expostire from the combustion of SRM-

derived MBM as- this material contains the majority of the infectivity, hence the
exposure associated Wlth MBM (i.e._excluding the SRM.nodien)awill-be-mushH

HenTSEsT

“ihan the exposure asses=ed nare. An overview of the infectivity pathways relevant io
this study is presented in Figures 2.1 and 2.2.
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Figure 2.14 Infectivity pathways for SRM-derived MB?&QA?or the generation and processing stage - -
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The mbdélling process is split into two stages: Q
1) Generation and processing. stage - This stage concentrates on the
generation ofA the infected SRM taking into account infectivity of different
tissues and subciinioal BSE (Figure 2.1). _

2) Combustlon stage. - This .stage focuses on the basic operations of &
combustion facility and looks at the varlous pathways, taking into account the

loading of the SRM into the furnace, the effect of thermal treatments and the
efficiency of fly ash extractors (Figure 2.2). . . .

2,3 GENERATION AND PROCESSING STAGE
2.3.1 Infectivity of bovine fissue
The mode! considers the infectious dose assoclated with each part of the SRM-

. derived MBM as measured in [Dg units where the |Dsg value represents the level of - @
infectivity required to induce disease In 50% of exposed animals. The simulation
utilised scenarios presented by the Sclentific Steering Committee (SSC) (European

" Commission, 2000a), in which a probability dlsgﬁ?ﬁtxon was applied to those tissues
with the highest mfectlve load as follows@ ?@

O\O\

- Scenano 1 !nfectxvxty tltreQMam, Spmal cord tngemmal rierva gangha and
| | * dorsal root ganglia, %@‘J‘L@@%ormal distribution was used with the geometric

| mean of 10 catt@g@l IDsg (ColDgo) per gramme of material and the g5t
. :  percentile at 10%60!Dso

&

S
Scenario 2 lnfecthty titre in brain, spinal cord, trigeminal nerve ganglia and
dorsal root ganglia. A lognormal distribution was used with the geometric

mean of 100 ColDs, per gramme of material and the 95™ percentile at 1000
ColDsg. -

In addition, a probability distribution was modified from data presented by DNV
which stated that brain and spma! cord weight is on average 700 g per animal (DNV
- '1997) The probabillty dlsmbutron for this f figure was normal with @ mean of 700 g

and a 90™ percentile range of 600 g to 800 g. For the purpose of this report the two

S SR PPl A 000 g and- SpiNarcord 200 0, With the same distributon
-scaled accordingly.

U N emo s oecime o oo oa
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Fixed values for the infectivity' and weights of the other ilssues used In this
- simulation were obtained from current scientific opinton data published by the SSC
(European Commission, 2000a). An infectivity denstty for the processing stream was
determined using the Infective titre distributed In the SRM fraction of each ammal
which is processed in the SRM stream (this was found to be 37.05 kg of matenaL
European Commission, 2000a). lnfectmty density, as used in this paper, {3 used to .
define. the coricentration.of infectivity .per unit mass of materlal. There s a high'
Infectivity density for the SRM material as thers s a large infectivity associated with

a re!etlvely small amount of matenal i.e. there is little or no dllutxon effecte |n this
.stream ‘ B e

232 Sub-cli'nical .iﬁfecﬁvity_factor

Research suggests that Infectivity is mainly confined to the'end of the incubation
period with a peak when ciinical signs appear (Donnelly and Ferguson, 199g;
Anderson et al, 1996). Thls would suggest that sub-clinical animals have
substantially less Infectivity in their tissues than animals exhibiting chmcala
symptoms. Research presented by de Koeljer eté,)al (1998) suggested that a fac’cor
cauld be introduced to BSE risk aseessmengsa‘deahng with undiagnosed cases to

reflect the lower infectiousness assomgtégﬁv\th earlier stages of the disease. As a,

o ‘worst case' aesumptlon, this sub c@cﬁﬁér factor Was set to a va!ue of ong . 8. that all o

Cinfected amma!s carry the full ch&i infective load.

q
2.3.3 Specxes Barrier < *\ |
The species barrier is a\&rm used to describe the natural resistance fo transmission

when = partxcula&& species is exposed to a Transmissible Degenerative
Encephalopathy (TDE) of another species. With regard to species barrier, the
working group of the SSC reports as follows (European Commission, 2000b);

" The size of the spec:es barrier for BSE-in-ruminants to BSE-in-humans is not

known[n~some Tisk @Ssessmants & barrier of the order of 1000 is assumed,
However, the SSC questions these assumptions that it may be large. Until more
SCIent/ﬁc data [s available, the SSC recommends that for risk assessments of
: human exposure o potentia /y BSE contaminated produots a species barrier of

about 1 should be considered as a worst case scenar/o and that, in nsk

ST w— Ul S

.285e8smantszthara ge-lzu' EGR
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The scenarlos used by the SSC (European Commission \20003) for tlssue mfectlvrty
included species barner dls’cnbu’nons that were used in this simulation and were as

follows: | @

Scenaria 1: An adjusted trlangular density distribution was used on an
arithmetic scale with a mode value of 10° and within the range 10° to 10%,

Scenario 2: An adjusted triangular density distribution was used on an
arthmetlc scale with & mode value of 10" and within the rangs 10%to 104,

“ The {ria;rigl'j'[ar density dfstrib&tibn is used as a modelling tool where the range and
the most iikély value within that rangs can be estimated. The triangular distribution
offers considerable flexibility in its shape while accounting for the uncertainty within

the given range (Vose, 2000) and hence Is used In this study to take account of the é
large uncertainly surrounding the true species barrler vaiue. ,

2.3.4 Probabm’ry of infectious matetialin SRM &
This parameter represents the probability that a@@ndiagnosed BSE case enters the

abattoir and that the resultant infective SRW is serit to. the deSignated rendermg
plant with non-mfec:t(ve SRM from h%éﬁ@? anlmals The probabm’cy of mfected BSE
matenal from an undlagncssed aﬁ‘%@a\se bemg present in the SRM stream was
calculated from figures prese@fé@ by Anderson et al. (1996) which estimated that
there wers 22,000 sub- clﬁﬂ&aﬁly infected animals in the UK. herd, The U.K. herd
size in 1996 was approﬁﬁa’cely 12 million giving a sub-clinical incidence of 1 in 545,
In this study it was <onsidered that an undiagnosed mcudence level approxxmately

10 times lower than the U.K, would be representative of the Irish situation i.e. 1 in é
5450 (Taylor, Personal communication 1998).’ :

The probability of a. partlcular event occurrmg at [east once. is_best described with

{8 binomial distribution, the probablhty of an event occurring more than once during
n repetitions is given by the formula;

P (sventone o more times) — 1~ (1'P (singular probability of even\)) <1)

AR e
e
SR

IR Binomial dlStI“DUdOﬂ nas a (“IEuﬂ nP ard a variancs nP(1-P). The Poisson

dtsmbuuon arises as the limiting distribution of the binomial distribution whare nP =

m an cS ﬂ-—-;u: Whun P s s[ua[l itis doundihat-the var
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Po(sson probabﬂmes correspond ta binomial probabilities when’ i is large (>20) and
the mean is small (<5) (Chatf‘ eld, 19987). This is of practical |mportance as it is much
easler to calculate pctsson probabilities than correspondmg blhomial probabifities,
This Is especially true when n Is large and blnomial probabmty computa‘uon
becomes dlff' cult due to very Iarge numbers of permutations.

As outﬁnéd above the probability of an animal Seing infected is 1/5450..'Tﬁe
parameter n corresponds to the number of animals slaughtered in the year. An

Aaverage for the years 1997-1999 is used here (1,890,000 slaughterings per year) {n '

: thls study because nisvery large {1, 890, 000) and P is small (0. 0001834) a Pmsson 5
g distnbutlcn may be used instead of the blnomlal distnbut{on The mean for the

' Poisson distribution (A) can be calculated by the formula:

A=nxP {singls event accurring) (2)

hence the mean. A, in this case is 1,890,000 x 0.0001834 = 347. This Is consxstent

with an estimate of 346 by Donnelly (2001). 'Qw@ probability of a sub-clinical case
can therefore bs calculated by dividing ’@e\fmmber of subclinical cases (generated

o i
.. from the Poisson dis’mbutson) by @Q:%%Osiaughteﬂng» herge. recaloulation °f the". .
-‘_.‘probabmty of & chmcal case can b@@ﬁamed with each ttera’non of the mcdel

‘&\ (\é\
aéf\**

2.3.5 Fraction of mrectxg&g@mammg after processing
" Because of the pro@\a;v? cecus hature of the Transmissible Sponglform

Encephalopathy (T SE&gents they tend to remain with the.cellular residues of meat
and bone meal duﬁﬁg extraction processesl rather than be extracted with the lipids
of taflow (WHO, 1995). Al MBM must, by law, bé processing at 133°C for 20

minutes at 3 bars pressure - Commission Decision 96/448/EC (European
Commission, 1996a). Using data from the S8C (European Commission, ZDOOa) the

reduction in lnfEC’thlW of SRM derived_MBM.due - to- this- thermal- action- was
incorporated into the simulation as an adjusted triangular distribution with 10° fold
reduction as the mode and with 10¢ fold as best and O fold as worst reduction (i.e.

no effects of processing at all).. Currently the SCC considers that the reduction of

TSE infectivity as a result of treatment at 133°C for 20 minutes at 3 bars pressure is

not ‘ess tnat 103 (Europcan Commlssm 19982, 1998b,.1999).end:may-svarsbarggmruie:

s a1 ™ =T
———r T T
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T _condttsons lt was further assumed th

2.4 COMBUSTION STAGE ' ' Y

The assumptions regarding the combustxon products and travel pa‘chways for the @
ash are discussed here,

2,4.1 Materlal loaded into furnace
The SRM-derived MBM created in the generation and processing stage s now

!oadechto the furnace at the combustion facility. An alfowance is made for'the fact
that some materlal may be spilled during the loading process (0.05%) and there may
he material aﬁached to the handling equipment. It Is assumed that 0.05% of the

. materlal may be washed away infa the effluent from the cleanmg of the raw matena! .
,handhng eqmpment Ce

2.4.2 Fraction of infectivity remaining after combustion
It is assumed that a similar action to that used in a previous risk assessment (DNV,

1997} for thermal disposal of material with a possibility of BSE infectivity could be @
expected, The value used in this model was that given for incineration of MEM with

the fraction of infectivity remaining after incineration as 2.10 x 10, This figure was
calculated from an assumed 10° redhc’cior\éﬁ\’” Infectivity from combustion in
‘controlled conditions with a 102 fold re@ac‘gﬁé% in lnfectlwty in abnormal _Operating -

re was a faﬂure probabm’cy of 0.2% and SQ -

. the overall reductxon in lﬂfBCthltyﬁ%li?% was calculated thus

| f&‘;‘“o

(110° o.@@:’ﬁ (1102 x 0,002) 22,1 x 10°F (3)
QO

s\
O

DNV (1997) sugg@‘e&g that a normal probability distribution applied to this figure
with a 95% percentile at 0.45.. -

2.4.3 Ash extraction
Ash particles in the combustion flue gas are carried through the furnaoe where '

99.7%.0f. the. particulates- are captured by fly astexfractars (ONV, 1997), the rest
bemg emitted in the flue gas stream. The ash that remains is released as bottom
ash while a small percentage is released as dust. It Is assumed that this dust is
éxtracted by cleaning water with tﬁe particulates being screened and returned to the

boitom ash while a small fraction is emitted with the effluent. The pathways are
..detalledinFiaure2:2—m—o-——mmr T T T e T UL TR T T
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2.5 MBM COMBUSTION RisK MooeL :

The input parameters were combined onto a spreadsheet (Mlcrosoft Excel 97)

running the @Risk add-on package (Pahsade Software, Newfield, USA) and the

simulation was performed using Latin Hypercube sampling. Latin Hypercube is a

stratified sampling technique where tha random variable distfibutions are dmded

into equal probability intervals, A probabm‘cy is randomly selected from within each'
interval for each basic event. Génerally, Latin Hypercube samphng will requwe fewer
samples than Monts Carlo samphng for similar accuracy (Vose, 2000). A summary

of the Input parameters used for the two scenarios in this exposure assessment s,

are given in Table 2.3,

Table 2.1a: BSE input titres and tissus weights used in the exposure assessment

- model for the combustion of SRM derived MBM

: presented in Table 2,1 and. Table 2.2 and the lnputs used for the combustlon facility -

Tissus Infectivity

Mean

Log -normal, log mean 4.60,

, Probability distribution applied - Data source . »
[ColD50)/g value ' &
. 5

Brain §®

Scenario 1 10 Log-normal, logenean 2.30, European Commission, 20002 =~
o .. . .standard de\%§®14 T RS U
© Scenarlo2 - . :100 " Log-nom mean'460, . . European Commission, 2000a -
"'standa\g é*?‘atlonM ‘ ' - T
Spinal Cord é*e\

Scenario 1 10 Qbe%éhormal log mean 2.30, European Commission, 2000a

dard deviation 1.4
Scenario 2 100

European Commission, 2000a

o standard devnatlon 1.4
Trigeminal ganglia %3
Scenario 1 10 Log-normal, log mean 2.30, - European Commission, 2000a
@ standard deviation 1.4 | :
Scenario 2 100 Log-normal, log mean 4,560, European Commission,-2000a
standard deviation 1.4 '
Dorsal root ganglia .
Scenario 1 10 Log-normal, log mean 2.30, European Commission, 2000a
standard deviation 1.4 '
Scenario 2 100 Log-normal, log mean 4.60, European Commission, 2000a
, : standard deviation 1.4 ' LT B
lleun 0.32- ' Fixed value European Commission, 20002
Spleen 0.032 Fixed value

v

- ——Ey—e-s-) rest.0 f.head. -.0

Bone merrow

n D?D —-—--—F{v_.d VH,U’._:'—'-. D —rmimemies s——

European Commission, 2000a

European Comiission, 20002

0.022 Fixed valua . Europezn Commission, 20003
Bone adnexa 0.032 Fixzd value European Commission, 20003
Other tissuss 0 Fixed value EuropeznCommissiont 2060
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. Table 2.1b: BSE anut titres and tissue weights used in the exposure assessment SIS
model for the combustion of SRM derived MBM

Tissue Weights [g] Mean

Probability distribution

value  applied
Brain .. 500 Normal, mean 500, standard
' deviation 43.42
-Spinal Cord 200 Normal, mean 200, standard
. ‘ deviation 17.37
" Trigeminal gangfia * 20. ,.?.-Fxxed value
Dorsa! root ganglia 30 ' Fised value
 lleum 800 Fixed value
Spleen 800 Fixed value
Eyes, restofhead 11600  Fixed valus
Bone marrow 16800 .Fixed value &
_ 5
Bone adnexa 6300 Fixed valua &€
. . PV
. Othertissues . 512050 ,leed value‘gg; O L
g 'QQ\}.;\@?} "
° (\é\ h
s
N
S
\-C’OQ
6é,\\o
CJo\“

Data source

DNV, 1897 _

DNV, 1997

.. Europegn Qohﬁrﬁiésibn, 2000a "

European Commission, 2000a
European Commission, 20003
European Commission, 2000a6

European Comfnission, 2000a

European Commission, 20003

European Comrmnission, 20003

-..-European Cdmmis,s_ipn"'=2"0602a';, o

EPA Export 25-07-2013:18:16:16



Table 2.2: Other input parameters used In the exposure assessment modsl for the
combustion of SRM derived MBM.

Parameters

Sub-clinical factor

Species barrler

Scenario 1

Scenario 2

Mean
value

1

1000

10

Number of infected BSE 347
cases in SRM Stream,

Fraction of infectivity 0.001
remaining after
processing

. Frac’uon of infec’uvxty
T remainmg after -

combustion.

Probability distribution
appﬁed'

Fixed valus

- Tnangular, minimum 1
; maxnmum 10000 .

Triangu[ar. mlnlmum 1,
maximum 10000

Poisson

Triangular, minimum 0.0001,

3 &’
maximum 0.01 . &
,@

t%éﬁ

2 01E-05 Norrﬁ& O1><10 5 standard

Q@%la lon 3.5x10°

&é’o

&’\\

Data sourcs

Woarse case value

- European Commissmn .
I-2000a ZOOOb

European Commmission,
2000a, 2000b

Ses text for derjvation -

European Cémmission,
1999, 1298a,1898h -

e ST AL PTEAELE 2

\ ——— i Wbt T ST
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. Table 2.3: Combusti.on facility parameters (Based on data from DNV,1997) @ '

Parameter Symbol Mean Probabillity distribution applied
' value ‘
MBMIloaded Into fumacs . MLF 95% Calcutation: MLF = {-WCE-SWA,

Spilled and,wash'e;:l away  .SWA . 0.05% ‘Lognormal, geometric mean 0.0005;

‘ standard deviation 1.4
Waste from cleaning raw WCE 0.05% Fixed value
material handling equment

| . lnfectxvxty Remainmg R 21 >;'10'é°/o : Normal, meaﬁ 2.4 x1d“5..sta'ndard e
o | | | | deviation 3,5x10°®
Infectivity Des’croyed D 99.997%  Caloulation: [D= 1R |
Ash in flue gas AFG 80% Fixed value oy
Released as dust RD 0.03% Fixed value
Bottom Ash ' BA 17% Calculation: BA= 1-RD-AFG
Ash captured by extractors ~ ACP 99.7% éﬁ%rmal mean 89.7, standard deviation
@ q@ Q. 04 .
N Released wnth ﬂue gas: via: . FG - Q@ﬁ}% Calculation FG = 1-ACP o
stack L o ~.. - j- " ;{;Qj\&v ' '

Captured by dust cleamng DB égé’i\oé'\ 0% Fixed value
blowers QO*;;‘\\§ |
Captured by water cleaning WC - 100% Calculation: WC = 1-DB
Slagging factor QOQé\SF 95% Fixed value
Furnace Bottom ash FBA 5% Calculation: FBA = 1-SF . é
Particulates in effluent =~ PpE 0.03% Fixed value
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The simulation was performed using the parameters presénted above and each run
was comprised of 100,000 iterations; The results are given below (Figures 2.5, 2.7)
in the form of a probability distribution of human exposure (measured in human oral -

1Dsq unitsfyear). The rank correlation is also provided (Figures 2.8, 2.8) which ranks
the varlous parameters in terms of their influence on the overall result. The

- relationship- between key Inpu'ts can be seen in Figures 2.9, 2,10, 2.11 and 2.12.
Three end points were looked at in the quantitative exposure assessment, 1., the
socletal exposure from particulates emitted through the flue gas, efﬂuent and ash. It .

. Is -assumed that exposure is proportlonal to nsk hence any measures taken to '
decrease exposure wilt also decrease risk,

2.6 RESULTS AND DiscUSsSION

"The results are presented for simulations in two situations reflecting the infectivity
risk in the SRM-derived MBM stream for two scenarlos. defined by the SSC. The
risks calculated are In terms of societal exposure (i.e. the number of individuals In
the exposed population is not taken into accotﬂ%) The risks are presented in terms
of human oral [Ds, titre that the exposegl Z%@Ju(atmn may be subjected toas a result

“of the combustion, of SRM derived "m Ireland Socnetal exposure represente ’the e

- 'tota{ exposure foa commumty gﬁaéople Assuming a hnear dose -responise curve
~ (i.e. 11Dsq has a 100% cha@&@é@‘éf infecting 1 exposed susceptible individual, a very
pessimistic assumpttonl(go@tal exposure can be used as representative of societal
risks. The individual nsg\@an be calculated by the following equation: Individual Risk

= Socletal Rlsk!pog&ﬂe’uon exposed). The mean calculated societal exposure from'
scenarioc 1 was 757x105 IDsy per year (5" percentile 7.32x107 1D solyear, 95
percentile 1.39x10"* IDs¢/year) while the mean exposure associated with scenario 2
was an order of magnitude greater (8.38x10‘? lea/Ye.ar with 5™ percentile 5.76x10®

1Dsolyear and 95™ percentile 2.41x10° IDslyear). Explaining the significance of the

results; using the mesA Value of 7.57x10° IDsofyear from scenario 1 as an example.
Assuming a linear dose-response curve, 7.57x10°% [Dsy/year will result into 7.57x10°
5 human vCJD infections per year from all sources as a result of the combusuon of
SRM-derived MBM. In order to receive this exposure and hence risk of contractlng
vCJD, 1 susceptible individual would have to ingest all fly ash, boltom ash.and...

231

e e Se o a—

@

L. e
W

~
PR Rt

rproduceyby iHE Piant ¢ dunng 3 Time P::('lOd of one year while it was burning

SRM-derived MBM from 1,880,000 animals (an impossible scenario). T
in fisk in sc

The increase
enario 2 is explained by xhe increase in the infectivity ol ine.

er\ﬁl
IR
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spinal ‘cord In this scenario. The increase In infectivity {s i!!ustraféd In the.changa in
the infectivity density of the SRM material as shown In the difference between @
- Figures 2.3 and 2.4, The mean Infectivity density for scenario 1 was -8.89 log 1Dsg
unite per kg of SRM material while the Infectivity density for scenario 2 was greater
(-8.94 log IDso units per kg of SRM materlal). The analysls shows that the greatest
. exposure posed to hurans is from Infectivity spilled Into the effluent stream. In both
scenatios the exposure risk from effluent was greater than any exposure risk from
-the resulting ash or infectivity emitted via the flue gas (Figures 2.5 and 2 7) It can
be seen from the model that the societal risks presented fo human health from the
. combustion of SRM are extreme}y smali it is: accepted that Creutzfeldt-Jakob'
L 'Dlsease (CJD) has'a spcradlc occurrence of approximately 1 In 10E (Zivkovic ef al,,
: 2000)_. Taking the human population of Ireland as 3.8 million, one would expect over
3 spcradic cases of CJD per year. This is compares with an average of 2.5 sporadic
casés of CJD per year between 1997 and 2000 in Ife!and reported by Eurocjd @
(2002). The societal risks calculated from Scenaric 1 and 2 are significantly less
than this background sacietal risk of époradic CJD (Tabls 2.4), Hence the risk from:
SRM combustion is negligible in comparison todhe sporadic occurrence of CJD,
Actual individual exposure and hence risk x@%\ld be much less than the scc:etal

N -
exposure , vaiues calcula’ced here si \ér\mt all materials !eavmg the flue : or..
-"':-,"combustxcn chamberwould result @%ﬁan expcsure o

| é}\ §
Table 2.4: Summary gf%‘sults from risk assessment mcludlng uncertainty
s\c,oé assessment.
Scenario lnfecttwty of cgi* Species Predicted 5" Median ag™
brain & spﬁ'(al barrier ~  exposute  percentile percentile
cord ColD50/g (mean (mean _ ‘
(mean value) value) socletal
: leq{year) . .
Scenarlo 1 . 1000 7.57x10° * 7.32x107 - 6.42x10%—1:39x104
R
Scenario 100 10 8.38x10°  5.76x10% 6.89x10° 2.41x10?
2 | ) . | '. ) A . ' .‘ . : .
Scenario . 10 d 2.48x10%  2.99x10°  180x107 0301
3 - . et ey e G e o g et e
" Scenario 100 1 0.188 2.20x10%  0.162 279

4

s -
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Figure 2.4: [nfectivity density of SRM derived MBM for scenario 2in the model,
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Vean=3.45

0.6 4
0.5 +

L 044

.- Probability Density

!

Ash: Effluent:
Mean=8.83

Log iDglyr

Meag=-5129462

Figure 2.5: Scenatio 1: Distributions for mfectwudg emitted from flue gas, ash
and effluent sources resulting from the q@mbustlon of SRM derived MBI

Rendering reduction i
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Figure 2.7: Scenarlo 2, Distributions for infectivity emitted from flue gas,"?ash

and effluent sources resulting from the g&%ﬁbusﬁon of SRM derived MBM, .
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Figure 2.9: lterations showing the correlation hetween rendeting reduction and @
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A sensitivity analysis (measured by the rank correlation) performed for each
simulation (Figures 2.8, 2, 8) shows that the rendering reductionand epeoree barrier Q
are the most important parameters in terms of human expostre from BSE due to-
combustion of SRM-derived MBM. The infectivity of the brain and spinal cord were
also found fo have quite large effects on the overall exposure to humans. The -'
specres bamer {s an epldemrologrca‘ faotor and although subject of dlscuesron and '
risks from all sources (ash, effluent and flus gas) was combmed and summarrsed in
Table 2.4, It should be noted that these calculations represent the socie’tal exposurs
' ,nskie the potenﬂai exposure to the fotal populatlon henoe the mdrvrdual exposure -
cand therefore nsk to-any one mdrwdual would bs much less than the values’
calculated here. m the case of materials exiting the flue and effluent streams, there
- would be dispersion and possible attenuation, so that only a proportion of materfal .
released would result in human exposurs (i.e. reach a ground level receptor). The 6
Health and Safety Executive (HSE) guideline for an “acceptable risk® for an
individual person is 1 in 10° per year (DNV 1997). In order ta exceed this guideline
an individual would have to be exposed to theo&tel infectivity emitted from all

sources (flue, ash and efﬂuent) resulting from & combustion of SRM -derived MBM
~ from 1,890,000 ammele over a penod

"'fj'volumes of matenals mvolved - @
T o (\Qé\\
é}\ &
,As the spec(ee bamer had e«f%ige Influence on the risk calculations (as determined
by rank carrelation, Flgureeb‘§ 8, 2.8) and is outside the control of human influence
(uniike parameters sug& as rendering temperatures, contrel of spillage's e.t.c), an
exposure asseesme?it was also carried out using the parameters as in sc¢enarios 1
and 2 but with the species barrier fixed at a value of 1, 1.e. no species barrier - which é

is probably an unrealistic worst-case scenario. The resulting mean societal

eﬁ% year, an unhkely scenano gnven the._.'_ S

exposures were still small with a socletal expostire _of 2_.18310'2 Deolyear for
scenario 3 and 0,188 IDsolyear for sceriario 4 (Table2.4):

Two factors affecting infectivity which mankind has control over are the processing
- and combustion conditions. From the sensitivity analysis (Figures 2.8, 2.8) it can be
seen that the SRM processing has the greater effect on the final rlsk ca ou\atlon

This. highlights tha_imporiance-ei~adeuais=procsssiig procedures m mrrnmrsng T

expaosure and hence risks from BSE.

. .
22, ot L s = ¥
e o $E AL g ST RN
o e
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2T CONGLU.’:‘{IONS

From this*analysis of the exposure assoc[ated with the combustion of SRM-derived
@ o MBM it can be oonc(uded that the soclstal exposure and hence risks are neghglbiy
small. An analysls of e important fisk factors ls detailed through a sensmvnty
analysis, The specles barrier has a large effect on risk calculations and (s oufside
the control of mankmd but even when the specles barrier is remaoved the | exposure ,
calculations are- still small (Table 2.4). it should be noted that these exposure
calculations represent a societal exposure, ths individual exposure would be much
~ smaller as a result of dlspet‘SlOn and possible attenuation via various medxa such as. .
: '_,'ash and lquld effluent. The quantltet(ve exposure assessment developed prOVIdes a '
- means to analyse the relationship between exposure and factors which might be
used to mitigate risk. A risk manager is likely to be Interested in the sensitivity
~analysis, The fact that the processing procedures appear to have more of an effect
on the final exposure calculations than combustion procedures highlights the
importance of having good processing procedures to minimise exposure and hence
human tisks. Possible interventions can be concluded by identifying the controilable
variables which have an Important’ contrtbutﬁ’ﬁn to human exposure. These
procedures may include the management Qﬁﬁ'\e thermal treatment of SRM~denved .
~ MBM, lt can be concluded that humge? sfforts for nsk mltlgatxon shou!d be focused .

v oon redqung the " exposure throughi@xmmxsmg the fraction of !nfectwdy remaliing’
" after processing and mmlmls&w gﬂ‘ﬁreated spillages.

N &’\\
<<0 \\0)

With the OTM cattle ougcgcheme now in place in Ireland the production of SRM-
- derived MBM is sst t@\ continue. This research into the exposure risks associated
. with the combustxoCn of SRM leads the way for further research into the uses of
, SRM/MBM while minimising the risks. With continuous improvements in availahle
@ information about the epidemiology and nature of the BSE agent, modemng
represents a very useful decision-suppoft tool -as it utilises the most current
“knowledge -and allows a number of different scenarios to be tested. The nnodel ‘
allows consideration and allocation of resources to potential risk reduction strategies
that may be immediately feasible, whﬂe at the same time identifying pr!on’nes for
- focused longer-term research to better understand and intervens at critical stages in |

the process, The results presented nere indicate, based on current knowledge about

BSE, that with_adequate_management=pi=batimtiie=rengSRTG PIOCeSs 10 Encure

correct heat treatments and combustion temperaiures the use of SRM-derived MBM

in a comoustion facility would have negligible implicztions on humzn health.
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2.7 CONCLUSIONS

From this analysis of the exposure associated with the combustion of SRM-derived MBM
it can be concluded that the socletal'exposure and hence risks are negligibly small, An
analysls of the important risk factors Is detailed through a sensltlvlty'analysls‘ The
specles barrier has a large effect on rlslg calculations and is outside the control of

“ . marnkind, but even when the specles barrier is removed the expostre calculations are

stilf small (Table 2.4). It should be noted that these exposure calculations represent a

‘socletal exposure, the lndrvrdual exposure would be much smaller as -a result of -

_ drapersron and possrble attenuallon vra vanous medla slch as ash and: quuxd eﬁluent

The quantitative exposure assessment developed provrcles a means to analyse the -

relationship between exposure and factors which might be used to mitigate risk. A risk
manager is likely to be Interested In the sensitivity analysis. The fact that the processing

procedures appear to' have more of an effect on the final exposure calculations than -

combustion procedures highlights the importance of having good processing procedures

to minimise exposure and hence human risks, Possible interventions can be concluded

by identifying the controllable variables which have anérﬁ?%ortant contribution to human
exposure. These procedures may include the rpgl%aﬁement of the thermal treatment of

- .SRM-derrved MBM, [t can be concluded thagﬁgy@an eﬁorts for fisk mltlgatlon should be FT

, focused on reclucmg the exposure throug@‘?@mmrsmg the fraotlon of infectivity remaining
after processlng and minimising untreaig@sprllages

<§
With the OTM cattle cull sohemeo?low in plaoe in Treland the production of SRM-derived
MBM is set to continue. Ioﬁ»l\s research into the exposurs risks assoclated with the
combustion of SRM leads rhe way for further research into the uses of SRM/MBM while
minimising the risks. With continuous improvements in available information about the
epldemiology and nature of the BSE agent, modelling represents a very useful decision-
support tool as it utilises the most current knowledge and allows a nurnber of different
potentlal risk reduction strategies that may be immediately feasible, while at the same
time identifying priorities for focused longer-term research to better understand and
Intervene at critical stages in the process, The results presented here indicate, based on

current knowledge about BSE, that with sdequate management of both the rendering

scenarros ta be tested, The model allows consrderatlon and allocation of resources o

process to ensure correct heat treatmeaqts. and-sombuslion=temparstmes=

A ESTRSTEEESHARe Use o 0
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- @ SRM-derived MBM In a combustion facllity would have negllglble implications on human
health,

The greatest mdxvidual fisk (Le. the nsk assaclated with the most exposed person) of -
_ mfectlwty was from ingested water with 7.68e-12 human oral ID50 units per’year, With
the worst case scenario that there Is no safe threshold and that risk is directly
proportional fo dosg, the risk of a person being infected is less than 1in 100 million. The
Health and Safety Executive (HSE) guidsline for an "acceptable sk’ is 11n, 1) million per -
- year, A p!ot of the mean total infectivity mges’ted by the most exposed persori is glven in -
' Figure 2.13. It can be seen total ingestion Is controlled by two pathways, consumption of
| contaminated water and particles emitted from the flue gas within 1000m of the stack.
1 : The graph is' presented on a logarithmic y-scale. It can be ‘concluded that there is
| @ negligible risk associated with each of the pathways.

1.00E-08
{.00E-10 -
1.00E-11 |
. 1.00E-124 |=
1.00B-13 {
.1.00E-14 7 .
© 1.008-15 1 |5
1.00E-16 7 [&2
1.00E-17 -

ID50 units cansumad

o S ot e e

- ——— e 40 ) -

Figure 2.13: Mean individual risk (ID50 units)

@ _ (SW = surface water, GW = ground water, ST = sewage treatment, LS = landspreading)

The maximum sources of irifectivi'ty are from particles.'deposited from plume géses
(maxfmum 2.34e-9 ID50 units) and from ingested ground water (1.12e-3 ID50 units).
Particles from exhaust gasses have the potential to travel long distances, with the
greatest risk from the potential inhalation of these particles. The maximum individual risk

to an individual as a result of burnmg MBM/SRM is given in Figure 2.14 (logarithmic y-
scale), '
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Figure 2.14: Maximum individual risk (Human oral {D50)

(SW = surface water, GW = ground water, ST = sewage treatment LS landspreadmg) é
The results from the Monte Carlo simulation are glven in Flgure 2,15, The vertical bars

represent the relative frequency of results from 5000 tnalsbg'f he plot range is from 1.85e-

12 to 6.81e-10. The 95-percentile range is between@84e-12 and 4.87e-10 with the

median value 1.33e-10. o .O&*OJ\?_@.
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!;i—g"x.zre 2.1 5.: Total ingested infectivity (Hurnan oral |D50/year)

" The individual risks from the p‘articles emitted from the stack represent one of the
greatest risks of infection (Figure 2.18), The risk tsslfis-stilnegli T

"R need 10 minimise the &miss ion

e-fisK-tseli=is-stilnegigiblerbut i Righighe~ — —
of particulates by using fiters cyclones and
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It is concluded that burhing MBM (including SRM) from slaughtered animals will result in @
negligible risks to humans through environmental pathways. If MBM excluding the SRM
portion was ta be combusted the risks would be even smaller. The uncertainty analysis
gives a distribution for each of the pathways at which indiViduaSS'may'.be exposed, The
socletal risk Le. the total human ingestion of infectivity from burning MBM/SRM is
estlmated to be 1. 52e-11 human oral ID50 units. The risk of any human infections is
extremely small, Sporadxc CJD oceurs at a rate of 1 In a million, the socletal risk of being
infected by BSE as a result of burning MBM is negligible compared to. this. In terms of A
* both individual and. someta\ risks the risks fromi bumtng MBM/SRM have been shown to |
" be neghgnble The combustlon of MBM excludmg the SRM portion would be several-
arders of magnitude lower that the values presented here and hence the overall societal
risk would also be much smaller. An uncertainty analysis has shown that the risks may
glve several order of magnitude greater or smaller than the mean values presented here, @
but even the most pessimistic inputs into the model give very negligible risks.
It is important to note the risks are dominated by p’athways affected by spillages of
infected material in addition to patficles escaping w:tg‘i e plums gases. This places
emphasis on the importance of good housekeegm@ and materlal handlmg practlces in

- 'Combustmg the material, , ./ " - %&o&
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