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tissus provenant de systemes de compostage statiégleelle réelle.
Un appareil de métal possédant un volume intereaviton 3.6 L,
appelé la pyramide de prélevements Baker (PPBhsaété construit

composting systemsCanadian Biosystems Engineering/Le génie degour permettre le prélévement d’échantillons nomaiés a des

biosystemes au Canads0: 6.17 - 6.20. Composting is being
considered seriously as a means of disposal cfthe& moralities in
Canada, in part as a result of the enhanced faeirig@lemented by
the Canadian Food Inspection Agency in 2008. Inédiom on the fate
of pathogens and animal tissues during compostngssential to
assess its suitability as a means of carcass @ikp®okis report
describes a simple system for the implantationtarmgporal retrieval
of microbial and tissue samples from field-scaktistcomposting
systems. A metal device, termed the Baker Retrieyedamid (BRP),
with an internal volume of 3.6 L was constructedetmable the
implantation and removal of samples, with minirmatarbance, from
depths of 0.8 and 1.6 m within composting piledy@sier bags with
a pore size of 50 um were placed in the BRP and ts@ntroduce
known amounts oEscherichiaO157:H7, Newcastle disease virus,
brain tissue, and keratin into the composting fiilermocouples were
attached to the BRPs to enable temperature to béaned directly at
the site of implantation. The BRPs allowed for tema removal of
both microbial and tissue samples during a staticaosting period of
148 days. Microbial samples were shown to be nablei within a
period of three weeks and over 80% (dry mattershagibrain tissue
and keratin were decomposed after 148 days of cstimgo Whole
carcasses were decomposed to a similar extentestigg that the
microbial ecology within the BRP was similar to thd the outer
composting matrix. It was concluded that the BR&tesy could be
used for temporal examination of the decompositiba variety of
substrates and the fate of microorganisms, withtheiting the efficacy
of static composting as a means of carcass dispg¢salords: cattle
mortality disposal, compost process, decompositimonitoring,
sampling device.

Le compostage est considéré comme une méthode feose
pour disposer des animaux morts dans les élevadgéargada,; ceci est
dd en partie a une réglementation plus stricte gi@opn 2008 par
I’Agence canadienne d'inspection des aliments autilisation de
produits animaux dans I'alimentation animale. Désrimations sur la
dégradation ou non des pathogénes et tissus anifmaexdu
compostage sont essentielles pour déterminercrtgostage peut
constituer une méthode appropriée pour la disposilies carcasses
animales. Cet article décrit un systeme simple pimoplantation et le
prélevement périodique d'échantillons microbiensmiame que de
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profondeurs de 0,8 et 1,6 m dans les tas de cortqudsn causant un
mélange minimal. Des sacs de polyester (tailleadegpde 50 pm) ont
été placés dans le PPB et ont été utilisés poradoire des quantités
connues dEscherichiaD157:H7, de virus de la maladie de Newcastle,
de tissus cérébraux et de kératine dans le tasodgast. Des
thermocouples ont été fixés aux PPBs pour perni&inegistrement
de la température directement au site d’'implantatiees PPBs ont
permis le prélevement périodique d’échantillonsrobens et de
tissus durant la période de compostage statiqué48ejours. Les
échantillons microbiens se sont avérés étre ndslesaa I'intérieur
d’une période de trois semaines et plus de 80%iskss cérébraux
(sur une base séche) et de la kératine étaientmxs®s apres
148 jours de compostage. Les carcasses entierest@éacomposées
de la méme maniére suggérant que I'écologie mierots a I'intérieur
du PPB était similaire a celle présente dans laiceaexterne de
compostage. Il a été conclu que le systeme de PBBait étre utilisé
périodiqguement pour examiner la décomposition d'vasété de
substrats et la dégradation des microorganismesdigner 'efficacité
du compostage statique comme moyen d’éliminer desasses

animalesMots clés élimination des carcasses bovines, processus de

compostage, décomposition, suivi du

d’échantillonnage.

processus, rajppa

INTRODUCTION

In Canada, recently passed legislation will expeasdrictions
on feeding ruminant by-products, including spedifigsk
materials (e.g., brain, central nervous systemueisg to
livestock. As such, the need to find alternativeante of
disposal of cattle mortalities and their by-produstncreasing.
Composting has been proposed as a viable meankibly 0
dispose of livestock mortalities (Kalbasi et al03D However,
concerns remain over the biosecurity of mortalipmpost,
particularly with regard to the extent of carcasgrddation and
the stability and potential survival during compogt of
pathogens such &scherichia coliO157:H7 Mycobacterium
aviumand the prion protein responsible for bovine sjifongn
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Fig. 1. Engineering drawing for the construction ofthe
Baker Retrieval Pyramid for the implementation
and temporal removal of samples from field scale
static composting piles (dimensions in millimeters)

encephalopathy (Kalbasi et al. 2006). Determinhmgfate of
tissues and potential pathogens during mortalitgpmsting is
therefore essential for mortality compost to beeptable as a
soil amendment.

MATERIALS and METHODS

Pyramid construction

The system was designed around the constructipyrafmidal
steel cages, dubbed Baker Retrieval
manufactured by seam welding in the design depiatéihy. 1.

The pyramidal shape was chosen to minimize terisilees
arising from resistance during extraction of themBfRom the
compost pile. The base of the BRP was a 210<m#h0 mm
piece of 4-mm expanded metal mesh with 540%tnapezoidal
spacing. Steel rods (228 mm length; 9 mm diametenre
affixed at each corner and positioned to convetge point
310 mm above the base. A steel annulus was weln¢idet
convergence point to enable attachment of retriehaihs to the
top of the BRP. The BRP had an internal volume .&f I3

within which samples of interest could be placedctie BRP
was coated with inert Plastisol (Plastico Industr@ambridge,
ON) to minimize interaction between the samplingicke and
the composting environment (Fig. 2A).

Pyramid application

Samples of brain tissue and keratin (5 g dry wgigbte placed
in 50 x 100 mm bags made of monofilament nitrogee-f
polyester with a mean pore size of 50 pm (ANKOM eumim
situ bags, Ankom Technology, Macedon, NY) using an
ANKOM heat sealer (model 1915). Microbial samplésdoli
0157:H7, 16 CFU/g; Newcastle Disease virusl(® ELD./g
(50% embryo lethal doseiYjoculated into manure (10 g) were
placed in separate nylon bags. All bags were hesled and
one of each bag type was then placed within eadh 8fRo a
60-mm layer of loosely packed fresh manure that Ibeen
loaded manually into the base of the BRP (Fig. 2@litional
fresh manure from the same source as that usesiablish the
static compost pile, was passed between the steisl to
surround the bags and secure them in positionmitie BRP
(Fig. 2C). Thermocouples were affixed to each BRI a
entwined with the retrieval chains for guidance ofitthe
compost pile and connected to an externally locaéea logger.
Thermocouples were extended into the interior efgiramid
so temperature was measured in the centre ofitlee @hamber.

Pyramid placement and retrieval

Static composting systems have great potential ras aA total of 48 BRPs were constructed and attacheihtoplated

economical means of disposing of livestock moitdi(Fonstad
et al. 2003; Glanville et al. 2006). These systewisid the
generation of aerosols during the composting poaasd
thereby minimize the risk of dispersion of potelhfianfectious
agents into the surrounding environment (Taha .e2@0D6).
However, collecting representative samples fronirttegior of
static composting piles is difficult, because realaf manure
to access the material to be sampled can affedtiers
microbial populations and alter the dynamics ofdtwaposting
process (Curtis et al. 2005; Kalbasi et al. 2006)order to

evaluate the composting process and the degradation

potential risk material at different times and/ocdtions, a
sampling device is required. The present paper ribesc a
simple system developed for implanting and collegtiat
desired intervals, microbial and substrate samfite® the
interior of static composting piles. The system employed in
a large field-scale composting system for dispadatattle
mortalities (Xu et al. 2008).
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steel chain (4.7 mm link i.d.; maximum tensile lmagcapacity
3.56 kN; Fig. 2) and placed in two replicate stattenposting
piles (24 BRP/pile) each with a final mass of apprately
10 Mg and containing 16 feedlot cattle mortaliti€snal
dimensions of the structures were 25 m lendgihmwidth x2.4
m height. Large barley straw bales (2.6. x0.8 m) were used
to construct 1.2 m thick walls in a rectangulanshand small
straw bales (1 x 0.45 x 0.4 m) were employed tmfar0.4-m
high floor. The BRPs were implanted in proximityoab the
carcasses in the pile at depths of 0.8 and 1.6lowtige initial
upper surface. Free ends of the chains were tethereross-
beams to maintain the chains in a vertical positioriil
construction of the static compost piles was coteleig. 2D).
Descriptive tags were affixed to the chains to lit@ate
identification of the BRP for retrieval purposesilicate BRPs
were removed from each depth with each of the caitep® at
days 0, 7, 14, 28, 56, 112, and 147. Temperaturd3RPs
positioned at 0.8 and 1.6 m were monitored by ddgpe T
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Fig. 2. Application of sampling device in large scal compost piles: (A) Empty Baker Retrieval pyramid(BRP);
(B) Polyester sample bags (50 um pore size) placedto a 60-mm layer of loosely packed fresh manureithin

the BRP; (C) BRP with added thermocouple wires

andetrieval chain; (D) BRP being placed into field-sale

static composting pile; (E) Retrieval of the BRP ugg a hand winch attached to a front end loader; (FBRP
after removal from a depth of 1.6 m from the staticcomposting pile.

thermocouples connected to a Campbell scientifit @Rdata
logger (Campbell Scientific, Logan, UT). Temperatwas
recorded hourly and averaged daily over the 147sday

composting. Stainless steel H§oemp Data loggers U12-015

(Onset Computer Corporation, Cape Cod, MA) wereqda
inside the mouths of carcasses (n = 32; 16 carsasse
structures) and set to record temperature twidg.daclusion
of the Hob& Temp Data loggers enabled comparison
temperatures inside and outside of the BRPs alagiohépths.

RESULTS and DISCUSSION

Pyramids were extracted from the compost pile
predetermined weekly intervals for the first moattd monthly
thereafter over the duration of the 147-day expenital period.
BRPs were extracted from both compost piles usitgrad
winch attached to a front-end loader that was swdga over
the composting pile (Fig. 2E). The BRPs were susfodyg
removed from the compost piles at depths of 0.8 a6dm.
Although not directly measured, the force requitedemove
the pyramids became notably higher after two months
composting as the density of the matrix increaseal r@sult of
settling and decomposition of organic matter. Etdgsis of the
chains was not noticeable, but deterioration ofzihe coated
coupler links between the BRPs and chains was etidibe use

Volume 50 2008

CANADIAN BIOSYSTEMS ENGINERING

of stainless steel coupler links with a tensilemsgth greater
than 3.56 kN would likely be advisable if compogtiperiods
exceeded 150 days. In more recent experiments|egaisteel
cables and clamps with a similar tensile strengtretbeen used
instead of chains (Personal communication: Dr. Kir3ki,
Assistant Professor, Department of Animal Sciebegyersity
of Manitoba, Winnipeg, MB). Overall, neither thefiguration
ofnor the integrity of the BRPs were affected by expe to
temperatures up to 65°C in either of the two statimposting
piles.
Temperatures differed (P<0.05) between 0.8 andni.6
epths with profiles in the 1.6-m BRPs similar tooge
generated by data loggers in the carcass layee{’d8l 2008).
Table 1 shows the temperatures monitored at diffesiges and
time points up to 54 days within both compost strtes. The
measured thermal profiles at carcass level werdagito the
temperatures inside the BRPs at 1.6 m are an itnolicénat the
environment within the BRP was similar to that dfet
surrounding compost matrix. Higher temperature®.8t m
likely are a reflection of heat transfer within tbemposting
structure.

Thermal and chemical conditions (e.g. pH rangethfgo3
to 9.5) in the compost did not alter the inert ptd coating
which remained intact at both depths throughout timeposting
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Table 1. Average temperatures (C) from two compost
piles at different time points (days) in pyramids
positioned at depths of 0.8 and 1.6 m within
static composting piles and anchored to cross

beams.
Days of composting
Pile Site
1 7 14 28 56
0.8* 40 57 63 61 54
East 1.6* 40 45 48 52 51
Carcass** 36 47 47 48 46
0.8* 40 52 60 60 55
West  1.6* 40 44 49 52 50
Carcass** 29 47 46 46 44

* Temperatures shown are averages of n = 12,,1f),&d 4 at
days 1, 7, 14, 28, and 56, respectively.

**Average values are shown (n = 16). Carcasses aeapprox-
imately the same depth as the pyramids impthate..6 m.

period (Fig. 2F). The polyester bags also exhibitesgigns of
deterioration as a result of being exposed to catinp
conditions for 147 days. The system enabled us daitor
bacterial viability and decomposition of differdrgsues over
the entire experiment and demonstrated that Hathcoli
0157:H7 and Newcastle Disease virus were no lovigére
after 21 days of static composting. Over 80% okiatin and
brain tissues placed in the polyester bags hadndeased by
the end of the experiment. Sequential measuremiediyo
matter decomposition over time enabled rates diaposition
to be estimated for these tissues. Whole carcatseexhibited
substantial decomposition over the composting perio
suggesting that the degree of microbial activitshimithe BRPs
did not differ from that of the surrounding compost

CONCLUSIONS

The present procedure and engineered device anahl&oring
of the composting process, decomposition of tissaed the
viability of microbes in a static composting systérhe BRP
device is inexpensive $40 CAN per unit), simple to construct,
and can be retrieved using readily available agtical
implements. Several parameters can be monitoredyeathin
the device as an indicator of composting actiwvity afficiency.
The implantation at 24 different sites within tloergosting pile
provided information of spatial variation in tematre and
decomposition within the composting pile. In adufitito
assessing the decomposition of tissues and patmgeival,
the system could be used to assess the rate ahgesdion of
other composting matrices such as straw, sawdustyioicipal
waste.
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