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An dnformed understanding and appreciadon of blood
reluted enme seones v ooly achicved through practical
cxperimentation of simulated bleod spaller. Becawse of the
inereasing [Teguency of the |, Fleparitis B and C vimses,
the wse of human blood may be harardous for those
involved in such experimentatiom. Porcine (pig) blood bas
been cited by some a8 a reasonable allemaive. anel has
paper presents a comparison af the physical paramcicrs
raface tension, viseosity and densityd of ageing pig and
frosh buman blood. woder @ variety ol condilivos, g5 well as
measiremeants of drapler trajectories and stain pattemns. The
reznlts snppont the nse of porcine bload (up o twa wecks
oldy o representing the behaviowr of [Teshly spill heman
hlvsod.

Line compréhension adéquate et une évalnation corrcete des
phénoménes o éclaboussures Jo sang sor les sodnes Jde
crime e peuvend &lre oblenoes quiau ravers 4'expériences
e situation sinuléas. 10u fait de Pincidence croissunte dos
virus HIV, hépatite B ct C, 1 olilisation de sang buinaio poul
éure dungereuse pour les expérimanratenrs, | e sang de pora
a ¢ proposd comme alteriative misonnable. ef cet article
présenta une comparaison des catacténistiques physigues
{tenzion de surface, viscosité et densitéd du sang de pore due
différents degrés e Fajcheur wver colles du sane homain
fraiy, dans diverses conditons, Son. dealement comparées
des mesures de trajectodnes de goubcleties ot des images
d'Eclaboussores, Leg rdsullaly soutennenl Uusage de sang
de pore (jusqu’d 2 semmines aprés prélévementd coumine
ceprésentatit du comportement du sang humain fraichement
versé,

Cin tielerss Verslindnis ven Talorlen wind nur in
praktischen  Hxperimanten  durch  Simulation won
Dlutspurenbildern erhalten. Wepen der Verbreimng von
HTW soavie Hapatitiz B and C ist fir die Auvsflihrenden
solcher Bxperiments die Verwendung von Menschenblut
allerdings dskunt. Einige Autoren sehlypen Schweineblun
als Allernanve vor, e Arbeit berichoet (ber physikalische
Worte (OherMdchenspannung, Viskosildl, Dichie) won
dlierndermn Schweineblul  im Yereloich o Irischem
blenschenblu el verschiedznen Versuchshedingungan nnd
dber die Messung der Troplenflugbuhnen  ond  der
Werleilengsbilder. The  Eroebnisse  ceigen, dalh mil
Schwecitweblul (i eu 2 Wochen alry das Spelleverhalten woon
(rschem Menschenblot gur datgestellt werden koo,

[.a apreciacion ¥ compronsicn dol cacenario del cimen salo
§2 oonsigue a rraves e una experimentacido prictica de
simmlacicn de salpicadura do sangre. Tado cl auments enla
frecuencia de HIV y Hepatias B v C, el wso die sungre
huimana pary los que hacen este expeciments puade ser
melimrasn. Se ha propuesta como altemoative Teronahle el
use de la sangre de cerdo. En esta trabajo se presenta una
compuracitn de los purdrocires [Txieos {lension superlicial,
visoustdiad v densidady de covejecinicoloe de 12 sagre de
verdo v o bumana bDajo s varledad de condiviones, asi
como medidas de trayectoria de las potas ¥ patrones de
manchas, Los resullados apovan el wse de 1o sangre porcin
(de hasra dos semanas) para representar el compartamisnto
de [z sangre lnimana, dercamada fresca.
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Iniraductinn

There are numerous oocasion: when the rnpodanee ol the
physical characteristics of blond tar cucwciph the higchem-
ical, Consequently, analyaiz of physical pattcms like blood-
starn patterng at scenes of crime or on icms of clothing may
weveal o wealth of sipnificant infarmation,

Therc are a number of lypival soenanos whene this may
apply. The suspeel may hove legilinately Some o crger
wilh o bloodstained viclion, or may plead self-detence. A
police member may ke shol and Lhere may be allegations of
impropricly. Other examples include o suspicious death
thomicide vorsus suicide), or whete bwo porsons or mone
have bled ar the scene and the hlood may have miogled.
There may also have keon a comnbinion of any ol the
ahowe.

Crime scens reconstroction may he very unportant for tha
correct iheerpretanion of evidence. Tt is widely accepted that
un inlormed onderstanching and  oppeeciation of crime
seenes comes from practical experimentation, w conjiung-
tiown with an understarding ol the cansal saenoe [1-5], wod
assnciglod toxts camy o signidiicuntl praclical or provticadly-
orentated component. Uiperimenialion oflen means il a
significant volunie of homan bloed is wsed in Siluilions
which iy be Lazasdous Doc those congermed, given the
inereasing Ireguency of the 1Y, Lepaits B and C vhuses,

It is common kneswledge that pig organ sahstitation in
humans 1s being wadled suecesslully both in Avstralian and
Amierica und thal piz and buman blosd have very similar
lHaematocal (I or Facked Cell olomes TCWs) when
Itesh, Porvine {pigd bleod has Deen cited by some a5 a rea-
sonalle alzmative to homan blood, but a comparison
barween the phyvsical parameters of ageing rig and frcsh
Teraseinn bluend Lies et been doceinened i the literature,

Surfacs tension, viscosiny and relative density measure
menls 25 well as measerements on free-falling drops and
resnlting stains wore therefors made for hoth human and
poreine blood, under a variery of conditions. Tt was also
deeimed o b neccssary to compars the cffcct of length of
storape dt 4°C on the physical purameters of blowl, as s
Lkely ra be the ¢ase if, for instance, a forensic training
vrse were being condnered nver a period of days.

The pigs nsed included lwth the Landrocs und Duroe Cross
pedigrocs. The exporimental conditions wore deliberatchy
chosen to simulate, as closely ay possible, these in which
hlond s normally collected, even thowgh this cun produce
physiolowicnl chunges nol ooy cepreseotative of Typicnl
protein level concenlralions, lhereby inlluencing the viscos-
ity [11]. For instance, pige stressed by ‘the abhatear process’
ate pronc b the so-called ‘acute phase rosponse” which
markedly affects rhe albnmen leval (Richardson 8, persomn-
Al comnicaricn, 19945, In addition, blond samples from
different animals of tha sine specigs were mixed, to

15ek

mrcerimin whether lhens was a meassure ol agelulination (as
wirnld be sxpectacd with different ADCY hniman types). there-
by markedly inflocmcing viscouslly

Kxperimental

Surfuce ledyion

T surtace (RSO Perfilsnn o Crime swene Fecon sinction
is essentially that surface ensrpy or tension ¢haracterised by
a particular biood droplets surface and air interface. In the
absence of competing forges, the molecules at tha intetface
will be cdewn iwaeds. minimising the surface area for a
ayven volume o pive a spherical shape o the drop. As tha
surlwe area deereases, molecules are walbdrawn [rom the
surlace mbo the inledoer of the Lgoid oinioosing socface
energy. Une consequence of surface lenscn 18 that the
pressure on Lhe concave side ol the sphere exceeds thal v
the conves, This lorce counteracts Lhe ellect ol the surlace
tension and prevents drople collapse.

The surface tension {¢2] acting oo the circumference of o
drogplet diametric cirgle rasuloy in force e Xr which equals
the pressure acting over the circular slice cut theongh the
sphiere (e al equil theiwm ' 7L

- 2ot (L3

This shows that the intcrnal pressurc is inverscly
propectionat o the radivs, Thus for very small dioplets, the
greates infloence on shape s sueface tenson, irespective
al cempeting lowes,

The blood wsed in this work was pocled porcine blood
which was maintaincd at cither rooin temperature o 40,
for cdifferent. pericds of time, to study both the effect of time
and tempordture on the surface tenxion of blood. Tt was felt
to be mecossary alsee to mcasure the surface teosion of
pooled homan blood ander similar conditions, oming to the
pancity nf documentation foo this paramez. Tao relishle
methods for sorface fension dererminarion ware nsed 0
crigs-reterence and therefore corrmborats the resnls.

The drop weight method  This method was chosen simply
beciuse ol the cuse of construeiion ol the uppaniieg, wonyve-
nience, reasomable accuracy and more importattly, the Tac
that the mathod models o Blood droplet leaving a finger or
weapon. The procedure s simply o allowy drops te fonmn
very slowly at the end of 2 norzle. The gravitaticnal pall on
the drop mass nlimaeely overcomes the surface t2nsion
forces, whereupem the drop becomeas detuched amd falls
fFigare 1), Iy othar wods, the maximmum force available to
support Lhe weieht (W7 of the drop is the preduet ol the sur-
[ee weowion Joree per uml length and the circombvrence ol
the tip. This pives vise to Tate's Tuw: W — 2 oo, whore o
rapresents surface tension and r the apenure tadios.

TLix well cutahlished, however, thal only a porion W ol the
droplet acetwally Talls, ax high speed photgraphy olearly
shows and ay illustruled in Figure b The droplel lonos a
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FIGURE 1 Druplct beroming detuched and falling leaving 2

sl vidume of Tignid remaining.

Jonyg thin neck just prior o falling and thatl neck. or a leas
most of it, remains adhered W Lhe orfice lip. The namowesl
parl of the nevk may break olf W fomm o sepurile very simall
thoplel. It hus been ¢stimaled tha a8 owch as 4090 of (he
liquid may remain attached ta the tip. With blood, there is
the additionsl complicating factor of the residoal blnnd
slowly drying at the cdge of the circomforenee of the noz-
zle tp, leaving behind cellular matter and therchy altering
e dimensions of the cirenmference. These non-wetting
properties of blood mean that the intemal radius of the tip
shoild be used.

Tl inability o regisler o Tue mass wis edded amthemnal-
ically by e methad of Hatking and Beosvn 8] who calen-
Lated that the actual drop weight showld be represented by

W = Zareef {2y

where [ — WiEa) — ¢y, ais the capillary constane and
Vb doop volume wlhich ey verilied experimentally,
Thus sucface w@nsion can be obtained from fahles of £ and
from

o = my, 2ol (3

where i is the mass of the drop and g the acecleration duc
ta gravity (8 Tmds)

It is desirable to use ooly those values of V™ where Lhe
f valuc vancs most slowly, This method is guoted as being
aocurale o O =02 % provided that the drops ave Temmed
very slowly, particnlarly just prior wo detachment.

The apparatus. designed by the awthors and wsed for this
method, wis o “Droplet Delivery Moechanism Apparatus”,
which allowed the threughpul of droplels ol Liguid ol a pre-
determined constant muss (or tading), at a preesel conslanl
temperatare. The apparatus cotsisted of a reservoir which
fed into a thermoestatically-conlrolled, constint-head laok

Science & Justice U9 350 ¥ F51-060
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FIGURE 2 A sessile drop, {llnstrating how the helght W' &
measued

{to engure uralomn drop-mass delivery), The header lank
alse housed an electdic stirer o ensure temperature coOnsis-
tency, Dropler size, temperature and delivery cote were
(ixed for o given investigaiivn, The aperlure which
mndified drop sive was an inerchangeable brass fonnel
connected via an QY ring A needle valve housed
internally in the apparacus with only she valve 1ap poolrad-
ing throngh the top of the opparatus. s meant thar the
vulve could eusily be controlled manually, ol more inpor-
wnily, that all of the {luid deght up 1o the interchangeable
hrass funnal, was maintained at the predatermingd temper-
aiuee, Drop mass was thos regulated amd coniralled by the
constant head and the terperatiore could be maintained at
T 205C

The itnbges ol the deoplets leaving he Lip were capluced by
Lwit cametays positioned st 90 degroes to onc anotker. This
ensured that, within experimental eroor, the drojs wene -
tographed when sitpated ar the cenre of the camera
viewlinders Lo sninimise doy parallis eomen

T sevsile drop methad  This well known provedire is onc
commanly used for liguids with high surface tensions. The
method and theory is coversd by Adamson [7] and Bordon
[9]. A large drop of the ligoid is formed i either 8 cop-
shaped depression, & concave surface or on a plane. The
verlical distance b, 35 measured Bevweso the sunmml wnd the
pline through the poinls at which the langent wo the soface
¥ verlival (esuully Wwrmed (he equatodal plaoe). Thercefore
raeasutements are made on the parl of the drop nol in eon-
tact with the selid and results showld be independent of the
surface and its propertics. The laree drop size provides an
intermal check against drop conlour imrepularities due o
irregular werting. As the size of the drop increases, the cir-
vature ot the apax becomes less proncunced and tends o
eorn as Lhe drop siee approaches infinity, lor very lurge
drops, lhersiore. only one ndios ol curvalure (that in the
Pane al the drmwingsh need be considered, Fipure 2,
This means rhar surtace ension is simply described by e
[srmula

i = Apgh*/2 (4}

where Ap represents the differennial pressnre across the
surfaca of the drop. Experimmental daca have shown that this
formula  holds  adequately  for drops of radius of

135



Forensic Science Seminar |, Silpakorn University : Phichitpon Manwong

4

the physivgl propertias of Blong - fovensee comsidenaioes

approximately wo centimerrss with no cortegtion factor
NECASSALY.

It was toond o be necassary with sessile hiond drops toocoat
the surface of the plane surface, upon which the drop sut
with an even deposit of high viscosity grease. Otherwise, it
wis exmremely difficult even with a clean hydrophohic sur

face to cnsurc that the drop shape was not adverscly inflo-
cnced by surface tension “point’ vadation elfecls belween
the surface and the dop.

The deoplets were photozraphed using Technical Tan Film,
f swop 3.0 at a shuter speed of 1/13s. The contrast of the
product was enhanced by rreating the film as ASA S0 The
camera was mounted relative to the drop in such a way that
the focal distance did not aler hetween photographs.

Finally, a1 verfical seale was phonopraphed at the smne
distance to enable accurate messurements of the drop
pholographs againss the scale reference to he made, uzing a
Wild Leirz TM-SI10 System Monitor, This is on optical
microscope inkerfaced with a digital fength nweasuring
appuralus ad can be culibmed by wacking against a scale
1o give a very aceurate estimare of the acrual dimensions of
the drop. Tha camara and drop surfaces were lavelled prior
te photopraphy with a spirt level und the sorface wus
placed on a flathed electrophoresis unil conneeted W oa
water pump systom, which could he held at 37 = 0.5°C
during dara collection,

Thotopraphs were taken of distilled waler aod meury as
intermal contrels, human bleod n both ACD and LEDTA
aotivosgulants Toan o monber of sooces amd porcine Blood
Grken fronn fonr cifferent. animals. The larpe drops of pig
blood were photographically capturcd fresh, and alier one
and two weeks of 4°C incubation.

Plate

Wisensiny

Ten porcing blood samples were oollected directly inco
EIXTA anti-coagulant botties from the necks of animals
killed af the abbaooirs,

Thz method chosen for accuracy and speed was that wsing
the cong plate viscometer [10-15]. The Wells-Rrookfizld
ConeMate Viscometer (Figure 3) iz a torgue mcasaring
systent which uatilizes a calibrated borylliumdcopper spring
W gquantify (he rexistance offcred by a sumple Moid w oy
rotating cone. The fluid sits betweeen the cone spinning at
4 predetermined speed and a stationary plate. The resistance
to the cone rotation is proportional 1o che shear stress 10 the
fluid where shear stress is itself defined as the rate of defor-
matinm of the fluid. The shear rate is a function bath of the
come rotational speed and the zap hetween the cone and the
plate. The viscosity is the rutio of the shear stress to the
shear mle and muy be congidered (0 be a constunt For a
Mewennian flud. Blood as a non-Mewtonian fluid, howeay-
cr, may be cxpected to have a viscosity which is dependent
an the shear rate (Fizuare 43,

Viscosily messuremenls wore slso mude osing o Wells-
Brooklield Progruommable Rheometler according W the
specilicalivns i down by Ml manolactoves The osioa-
ment was calibrated by a Mational Association of ‘Testing
Avthorites, Anstalia (NATA) registersd Llaboratary prior to
use and re-colibeated al 37°C using the Brooktield Yiscosity
Standard Fluid 10, Lot No. 12284, bebore and attor the
gencration of cach set of data points. This oil has a viscosi-
Ly 0l 9.6 cenlipuvise (wepst al 23°C and shoold have g value of
TT7+00 eps al 37°C.

Haematocrit (Ht] valwe  Sce viscosity is considered 1o be
a functom of e haematoent value, the csimaton of the
packed cell volume, it was thought necessary to determine
the Ht value of fresh and aged pig blood, to be able to make
coHnparisons wilh those hgures eited o the feratore for
bokty fresh human and fresh pig blocd [16]. The wechnigne
used was the standard Avstralinn method as laid down by
the National Association of Testmg Authorities (NATAS

Yiscosity (ep)
' t

Shear rate (5-1)

Suviesee & Sostioe 1996 36c3 ) F38 160
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which requires that the blookd He tubes e centrifuged at
12000 ppin for 3-5 minaies. Hasmatoorit measuramants
were made and normalisation effected according to the
formula

IThe H value from analysis/ the Ht value requined
— 1 = Yolume of sample plasma needed tooadd o
I ml of sample whole blood

{5

Analyses were conunsnced within three howes of acquisition
of 1he samples, The same fen pig bleod samples were split
e 4°C andl ronm temperanire regimes and re-wested (unad-
Justedy aller gight days ancd again afer 14 days. These sam-
ples were not normalised as there was sighificant tysis which
vuril considerably T sarnple (o sample, This wonld s
made such an analvsis fairly meaningless, particulady as
some of the samples appeared o have been sipoificantly
affected by weast andior bacterial contamination.

In addition. sgual volumes ol the en samples were mixed
and subjected to cxactly the same conditions as Lhose
deseribed. The rationale wus simply W delenoine whether
the agglntinins of some of the pigs lermed complexes or
reacted with the aoglutinogens of others, in such a wuy as
to influcnoe e viscowily ol e mizlune io e shor or o
termn.

Cinally, as blood is 2 non-Newtonian fluld, whose viscosity
typacally approaches a limiring value at shear rates in cxecss
ol 200, a comparison was made between the velogity of
Uit Blowd dw e mosing deoplel with the velocity of the
bloxd belween e coue and plate o the dhemnsten
ascerhain wheller e two ware sufficienrly similar o allow
meaningfnl viscosity compansons o he made.

Relafive density [specific gronvite)

The method used wias cssentially that deseribed by Nelkom
and Ogbor [17] The relative densicy of the blood was
messured wing o pyhonoweier gadoated Lo bold 2 volume
of 10ml at (7. The pyknometer was weighed dry al 37°C,
with distilled water as a reference sample at 37°C, with
tresh hran klond from a number of individoals and Tnuk-
ly with fresh pig blood. The anticoagulant used for the
hunusn sources wis both EDTA and ACI, This process was
epeated for one- and two week obd pig Bood which buel
been stored ol 4°C, Powr differsnt pigs were tested i ench
casc. All weighings were made by o Meller top-loading
balance inoa 37°C £ 0.5°C incubator which had hecn cali-
braded at lal emperature after equililration, Time was
dllwes] e eoalibeanion aller each step in the weiphing

PIukicss.

Bloenf stain vize versws Moved droplet size

The drop-weizht apporotus was wsed o ensure that the
blood droplels were of a consislen ad measurahle weighr
and were being propugated al a lemperaiuee of appros-
malely 37°C, This meanl that an aceurate tadiosg could be

Scienee & Juytice 1990, 3003): T532-1ad

determined and measured apainst the reswlbing stain size.
Twao different aperture sizes were used o genertate different
size drops. The target sorfaces were those typically associ-
ated with & crime scene comprising a gloss acrvlic and o
lowy sheen paint surface. linaleum. laninate, glass and face
brick. ‘Fhe drop distagce (oo aperture o lrgel surface
(1.7m) was chosen such thal the droplel veloclly was,
firstly, nat substantially difforcnt from wrminal velocity and
sconndly approximately the distance between an adult male
face and the grownd.

Resulis and discussion

There ure [Ive [sotors infleencing the shape ol 4 ligoeid
drogplet: surface tension, bydrostatic pressure, acrodynamic
preasurc, internal circulaton and clectric stross. Rescarch
supggesls ol inlermal viecols oo would baye oimmal ellec
om drop shape and the clecine leld siress is ool applicable
hers, Hwdrostalic and aeemdyIarme Pressures (e s Col-
plicated than the agueous deep at tecninal velociny model,
as e velocily and direclion of the come scene blood
droplel sre alest always chianging in Oight.

Blood is o vnigue fluid. with phossiological properties (soch
as its ability o cloth, which potentially also serve to com-
Plicate computalions, Clatting and drying times, hnsvever,
appear to he of an arder of magnitnde unlikely to influcnce
the ballistic nature of blood droplets [ 18],

EBlood is nol a medivm which casily lends isell w0 some
agpects o analysis charactensation, Onee cutside G body,
a number of comples mechanisms come ine pluy, which
make the Muid ooigue, In addiden o lbe nermal hgoid
drving factors, namely ambisnt tesnperatire, prevaling aw
cortents and bomidity, blood bot clots and, under cerlain
conditions, differentinies intn fwo principal components —
the particulote matter and the plasma,

The speed with which un assault takes place. where blood is
airhomme for a fraction of a second, means that the concems
over clotting, drying or separation factors ace largely
unfounded. The bloodsimin patterns  generuted by the
dynamics of an assanlt are a result of small drops or soong
of blood impacting on surfaces, The girameters above may
only be an issue i the assaull is protrueled, or iy efeeled
in stages.

Thers are only thiee physical properties which directly
influence e ight chargoterisies and e ron-MNewioan
propertics al thw blood drops or soears: namely, surface
tension, wiscosity  and  specific gravity  or Jensity,
Consequently, in any reconstuction, re-enaciment or §imi-
larion. i is important o know that the blood being used
closely approsimates boman blood leaving rhe body, ot
instance. It is penstally necessary 1o uss an anti-coagolant
and, 1l large volumes ane nessled, i013% nol LOCOTOED DO us
dmimal Blosd o licw ol humun, Aoimal blood s casily
wbrgined in volune fram nn abbatair and believed o be free
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Ofrom the HIW and hepatills viruees associated wirh haman
blood, The other consideration is the way in which liquid
blood performs after slorape at woom lempeeature, 4°C or
-70°C. Tr appears o be only specific pruvily or density mea-
surements of blood from vanous species thal bave been
well docamented by Wintrobe [16].

Surfove lension

Fotling drop methnd  The falling drop apparatus as devisol
required approximately 0.5 lires of lywid 10 muinlan a
constang head at 3770 + 0.5°C. The apparats wus tesied
with distilled water and pave a surface tension range valuc
of 6.6-7.0 1 10 Newtons per metre (Mim) using two dif-
Ferenl sized apertures, Table 1 gives a literamre value of
7.14 % 1% Nfm. Fresh human blood preserved in acid cit-
rale dextrose (ACD) goave a value of 6.1 x 10+2 Nim. ACD
was the preservative wused by the Victonan Blood
Transfusion Scrvice.

TABLE 1 Surface tension results obtained by
drop weighl and sessile drop methods,

Strface terston (x 16 ANiw)

drop weighi sexsife drop
Distilled watef H.6=710) 69725
Human blood 6.1 5137
Pig blooed (fresh) 51 5358
Pig blood (T duys) 5.4 53565
Pig vlood (14 dawsy 57 51-54

Pooled pig blood, preserved in EDTA, gave valucs of 5.1 x
102 N G fresh blood, and 3.6 and 5.7 = 107 Nim far pig
Bloex], one- anid two-weeks ol respectively, The hload was
stored al 4°C when not under est eonditions. The major
problem associated with this mediod was the propensity of
the blood 1o leive a small residue of cellular marter an the
aperture circumnliorence which built up over a period of thime
thereby altering the effective diameter of the aperture.
Consequently, the apparats aperure neaded constant mon-
iloring and cleaning. In addition, if was not possible to use
wrmad] sperlures, a5 sniall radii values give rise 1o significant
errars in the value of e commective laclor B, 85 10 equarions
2 and 3.

The sessile drop methad  The small volume ol bloaod
necessary for this technigue (= 2 ml) mean thal Blood
samples o & mmber of persons could be analvsed with
refative easc. Distilled wealer test resolis ranged from
60725 x 10rF Wim, The surfsce lenzion of blood taken
from five individuals was analvsed as 5.1-5.7 x 107 Nim
{Table 1). The difference in anticoagulants, on the wmall
number of samples tested, did oot appear to bave
significantly influenced cesolts.
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The surface tension results obtained for the four pig bloods,
each tested fresh and at one and two weeks of ape, were
3.1-5.8, 3.3-3.65 and 5.1-5.4 x 107 X/m respectively, and
were very similar to values obtaingd for humans. In addi-
tioiy, thers was no significant change in surface tension with
storage at 4°C.

Wiscosity
The: haematoetit valoe (Hip is generally considersd 1o be o
uzelul puide to the viscosiny of a fluid. The typical LI value
for pig blood 13 not a1 all dissimilar to that of hunan blood
(Table 2y The viscosity of pig blood, however, is
approximaltely 20% higher than [resh human blood (Table
¥, Ths difference i cxiended o 509 allor (wo wesks
incubation dl 4°C. ncubation a1 body lemperanire for that
penicd, not surpnsimgly, suve resuils thal rendered i entire-
Iy wn=ualable [or luother wie, Mizing bloed from ditferent
pizs did not appest to influence the resultant ¥iscosity in
any measurahle way.

TABLE 2 Change of’ haemstocrit values of pig
bleod over time and lemperature. Pohlished

range of pig hlond: 38.9—46.3.

Published range of human hleod: dk0—45.0.

Ape o frlood erige pad L
4C I

Fresh pig bland 440.5 o

| week old 446 45.0

2 weeks old 470 30.0

TABLE 3 Ranpge of vigeositles obralned for pig
blood. Typical published range of human Blood:

3'2_4'4.'_.. —
Axe of flood Teamperarure
+°C I
%h pig Blood 5.0-5.4
8 days old 4.9-6.3 6.3-8.8
2 woeeks old 3540 .E—=11]

Velocity within o dropfer Given thal the viscosily ol 4 non-
Wewtonian fluid vanes with shear stress, il was imporiant Lo
determing whether the velocity in a typical aichome droplet
was of a similar magnitude to the blood under test. Tt is pos

sible e caloulate the velooity ¥ at the maximum droplet dis-
tortiom by taking the distance 1 from the droplet centre o the
furthest peint oo the droplel surface 1o be

r=R +¢it] {6)

where R ois the radios in the cquilibriom positon and 2010
represents the change (distortion) al iime L From polential
flow theory of small oscillations [19] where ViR)
represents, we have

Sefence & Sussice TG JOr3) LAI-Ta0
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1'i“rr[R]l'nr-.ae = ZuRY 3ymax £

where a is an achitrary small constant from e mathenati-
cal analysis,

Hence  ViR|,., =oir,.. R (&)

From (he theory [or ssoall oseillamons of droplets, we bhave
T = B + 2aR leilﬁi ."Illm (g}

where 1 is the angular frequency of oscillation and Yo, o
is the maximum of 2 spherical harmonic function, so that a
is & measure of the amplitnde of the oscillation.

This allows ws to make a companson hotwoen the velocity
of the hloed in the deopler against the velociny of the hlood
hetween the cone and plate of the rheometer used for mea-
AUTCTIETL

A featreme’ vebocity likely w be encountered can be mind-
elled thus

B = 225mm; B0%A = 045mm; T = (.03

Irternal velocity = 30 mm/fs (15

For a rheometer cone radius of 24mm where the cone i
being rolated al 80 revolulions per matels (opoe), he veloe-
ity al g puint un the arenmlenencs of e cone 13

£ x 23 x 24760 = 150 mmds
A smaller droplet will have an oscillalion period of < 0033,

(a | Omm drop, for instanee, has a peniod T of (005) and so
YT, will bo = ITHmmds, which is approximately cqual

TABLE 4 Effect of ugeing oo relative density of
pig blood. Typical published human range:
1.052-1.04:3.

tr the visoosity mecasured by the consfplate method st
) rpm. At this revoluton specd. which implies a shear rate
of 2305, the viscosity of blond approaches a limit as
Mustrated in Figure 4.

Relotive donslny

The relative density measurcd For human Wond containing
ACD or EDTA unti-coapulanl wus found to bo almost
identical oo the published ranee:; §1.032-1.063 versos
1.056-1.0611 | 16], The values determnined [or [rosh, ome-
and two-wesk-old pig blood were again nor significantly
different from either the buinan values or one another;
1062, 1058 and 1.058 respectively {Table 4).

Mo stain Size versus Bood drop size

The stain size ranges prodoced by deoplaes of contrelled
size are shown in Table 5. As may be seen, the stain sizes
showed Tinle vanation with target surface. Tt should be
remembered thal, unlile carpet or tabrie, nonc of the sur-
Gaces used could be considercd w b absorboni; skains on
ghsorbont matctial do not accoratcly reflect drop size or
dircction. There did not appear to be any significant differ-
ence berween the stain diameter sizes produced by human
of pig blood drops. There was, hovever, a distinct trend
towards a slightly decreasing pig blood stain width with age
ol the bloed, despile the Tack of change of surface wnsion
wilh Groe, This ey be doe te thie chaonge i [T oo prop-
erlies (viscusily) ol lhe Blood over dme, as e ccollular
mmilemial in the blood lyses and degrades with age and expo-
surc to the wtmosphere.

Two dillemsnt aperiune sies werns msed, The stain widths
generabed on all surfaces rested were found w be 4350
tunes the diameter of the blood deops, al approsimalely
37, that produced them. This gives 2 measure of the “fy-
ing’ drop size which produces any ziven stuh on @ 00n-
absarben) sarface. Thess resolis are enfirely consisient wil
those ohtained by ather resesarchers psing water as their

Bluewd Sprecifes prlty (relan e densin) ]
imedimm [20]
Frush human 1.050—1.0a1
_ Conclusion
Frush pig 1.062 The compurison of fresh buman blood with [resh and aged
1 week old pig | s porcine bluod using the parumeters surface tonsion, viscos-
. iy anel relative deosity, shows o remarkable similarty
2 woek old pig 1.658 between Lhe twion, This mcans thal it 15 valid to wse pig hlood
TABLE 5  Stain sizes {mm} obtained on different target surfaces from controlled drop volumes. '|'wo different
aperture sizes inlicaled by £, Blond stored at 4°C hetween tests,
Surfees

Blocnd sy aoeplic fem vheen finarberen bepmireciie wlayy SJiee brick
Fresh human 210734 ALY LEE-H R 2041107 2hef 103 0182
Fucsh pip L9718 6 19.2718.7 19.8/19.4 19.9/1%.5 2ALIIDE L8881
1 week old pig 196/ 15000 15030187 1937154 T TE4 L8 3182 [9318T
2 week old pig 1857183 18.W178 1184 1E.W1E3 13.6/18.1 LE.4718.0

Srigpee & Sopidcr JORE: AGLEE S5 160
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Thre: pobrpstsced prevppecesivs of Bloved — froreesic ivreldaraionsg

instead of bwman blood for the re-enactment of 4 grime
stene or for edocational purposes, even when the pig hlood
15 up to lwo weelks old, provided it has been incubated al
FC [or that period. It shoold be remembered, however, that
the viseosity of ple blood is hugher than that of buman
blood wmd consequently will dampen drop distortion Laster
than 3s lhe case for homoun bloed, The extent of this elleol
anel the nnphcatons For impact smele measotensnl may
be calewlared,

Fimally, the fact thal the human blood stan widthfdrop
dizmeter ratio (4.5 3.0 s comparable 1o that of pig blood,
not enly allives drop size estimation, bur also contirms the
validity of the laticr as a safc, convenicnt altcmative o
human bleod with all it associated health hazards.
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weAny (7 1) 56 5.3-5.65
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712) AwvilavevdennyiAngandiresysdilssnnns 20% (119199 3)  Aruwansnetliisnilu 60% naeanniiu
wanldn 4°C 2 diladi warldiduiiiulanladinisiiuiaen m guumgisenialudesoabeaiuil Wnadaen'lsl

winnzasnunnisldeuansall deananldanuyusiazaa lilnandnls sedranuniiausetingle

A1519% 2 N1siilasuuilagan haemotocrit IaaRaAuyIiaIa wazgnun LR Ul
ARdLRaRUYaL luTa9 : 38.9-46.3.
Aaandannyrdagludas: 40.0-45.0.

218La8A DOUNA
4c 37°C

Fresh pig blood 40.5

1 week old 44.6 45.0

2 weeks old 47.0 50.0

= s & ay o a
A1519% 3 FasanNulaflaainiianiy
FIANIZURUAAANYHENNUATLT: 3.2-4.4.

218LABA DUNPA
4c 37°C

Fresh pig blood 3.9-5.4

8 days old 4.9-6.3 6.3-8.8

2 weeks old 5.5-6.9 6.8->10
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ANNIFATRIUER: ATANULATasasIUaLLL non-Newtonian uilsiupuusadeu duaailugedAyazsies
' 3 A d‘ =1 = v o o A szdl o '
AIaadaudnANITITasiaaninsziduluaniAlauadeiuiuaenlunimases fullldNazaunsnAiwanian
=3 . dl a A o =3 = d‘ d‘ a =3 ¥
AHIEY (velocity;V) Nusediugegn Tnaidenszay r anguinatsassdavenliaufsqailnangaueiareadananazls
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a9 R Lﬂu@ﬂuiuml,mumw;@ waze(t) ununsasuudasresisadalunioginan t @'1rmq‘trgﬂnﬂmﬂummmmmq
N V(R)

b

V.(R), . = 2aRY,

max 20max (7)

Tnef a Ae AvAsINIIguaINNITATIEINeATinAanT

dev(Rr), . = ('j(rmax—R) (8)

max
a 1 =1 =
AMNN/HNITUNNIDUNANLA LTTH

M. = R+ 2aRY /['-‘d (9)

20max

1 1 v
ile @ Fesupsnfzesnisunds uaz v, Aedngegazas spherical harmonic function feti a AaAN"s A

20max

waNLaqANITIUNI

gmatlin s a1N e LWEUIENI19ANNIETITRUABAANNIEALADA UATAYINITITBABATENIN cone L

plate 224 rheometer N 1 lun133n 16

ANgaTnanany lilugtuuy R= 2.25 mm; 80%A = 0.45mm; T=0.03 s A3xFan1elu 30 mm/s

(10)

AmFuFaiians cone W rheometer 24 mm 714 cone QNUiyUWA 60 rom AYIHLED W 1{UIBLN cone AB

60 x 27T x 24/60 = 150 mm/s KelATLANNIIAZATN1TUNT9N Taendn 0.3 AT (MiuneATLIA 1.0 N8, Ag9919817 0.01

'
o

) uaz V(R),  AsHAININNGT 100 mm/s TenA1lszanmuminiuaauuilaninlangds  cone/plate 1 60 rpm

max

AN T9sEySRIReuT 230 s



AN519% 4 NALBIDELLADARDAMNUUILUUANNNS LLADANY
ANFULIUBINYHETNLALUAY © 1.052-1.063.

Blood Specific gravity (relative density)

Fresh human 1.056-1.061

Fresh pig 1.062
1 week old pig 1.058
2 week old pig 1.058

! = 2 % i o o =
ﬂﬁﬂmu‘wumlmm’aﬂLﬂﬂéﬂ’mﬂﬂmmﬁugﬂ‘w 4

A15729% 5 auasasilau (mm) Alaaniuiaihvanansrenulagainddunsuenniuan auInasg 2 AUI6/
a @ o ]
LABALNLN 4°C SEUINNNITNARDY

Surface

Blood gloss acrylic low sheen linoleum laminate glass face brick

Fresh human 21.0119.8 20.2119.0 19.8118.9 20.0119.7 20.6119.3 20.011 8.2

Fresh pig 19.7118.6 19.211 8.7 19.8119.4 19.9119.5 20.1119.8 18.8118.1

1 weekold pig 19.6119.0 19.3118.7 19.7119.4 19.7118.4 18.3118.2 19.3118.7

2 week old pig  18.5118.3 18.7117.8 19.0118.4 18.9118.3 18.6118.2 18.4118.0
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