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An informed understanding and appreciation of blood
related crime scenes is only achieved through practical
experimentation of simulated blood spatter. Because of the
increasing frequency of the HIV, Hepatitis B and C viruses,
the use of human blood may be hazardous for those
involved in such experimentation. Porcine (pig) blood has
been cited by some as a reasonable alternative, and this
paper presents a comparison of the physical parameters
(surface tension, viscosity and density) of ageing pig and
fresh human blood, under a variety of conditions, as well as
measurements of droplet trajectories and stain patterns. The
results support the use of porcine blood (up to two weeks
old) in representing the behaviour of freshly spilt human
blood.

Une compréhension adéquate et une évaluation correcte des
phénomenes d’éclaboussures de sang sur les scénes de
crime ne peuvent &tre obtenues qu’au travers d’expériences
en situation simulées. Du fait de I’incidence croissante des
virus HIV, hépatite B et C, I’utilisation de sang humain peut
étre dangereuse pour les expérimentateurs. Le sang de porc
a été proposé comme alternative raisonnable, et cet article
présente une comparaison des caractéristiques physiques
(tension de surface, viscosité et densité) du sang de porc de
différents degrés de fraicheur avec celles du sang humain
frais, dans diverses conditions. Sont également comparées
des mesures de trajectoires de gouttelettes et des images
d’éclaboussures. Les résultats soutiennent 1’usage de sang
de porc (jusqu'a 2 semaines apres prélévement) comme
représentatif du comportement du sang humain fraichement
versé.

Ein tieferes Verstindnis von Tatorten wird nur in
praktischen Experimenten durch Simulation von
Blutspurenbildern erhalten. Wegen der Verbreitung von
HIV sowie Hepatitis B und C ist fiir die Ausfiihrenden
solcher Experimente die Verwendung von Menschenblut
allerdings riskant. Einige Autoren schlagen Schweineblut
als Alternative vor. Die Arbeit berichtet iiber physikalische
Werte (Oberflichenspannung, Viskositdt, Dichte) von
alterndem Schweineblut im Vergleich zu frischem
Menschenblut bei verschiedenen Versuchsbedingungen und
iiber die Messung der Tropfenflugbahnen und der
Verteilungsbilder. Die Ergebnisse zeigen, dal mit
Schweineblut (bis zu 2 Wochen alt) das Spritzverhalten von
frischem Menschenblut gut dargestellt werden kann.

La apreciacién y comprensién del escenario del crimen sélo
se consigue a través de una experimentacién practica de
simulacién de salpicadura de sangre. Dado el aumento en la
frecuencia de HIV y Hepatitis B y C, el uso de sangre
humana para los que hacen este experimento puede ser
peligroso. Se ha propuesto como alternativa razonable el
uso de la sangre de cerdo. En este trabajo se presenta una
comparacién de los pardmetros fisicos (tensién superficial,
viscosidad y densidad) de envejecimiento de la sangre de
cerdo y la humana bajo una variedad de condiciones, asi
como medidas de trayectoria de las gotas y patrones de
manchas. Los resultados apoyan el uso de la sangre porcina
(de hasta dos semanas) para representar el comportamiento
de la sangre humana, derramada fresca.

Key Words: Forensic science; Human blood; Reconstruction; Pig blood; Blood stain pattern experimentation.
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Introduction

There are numerous occasions when the importance of the
physical characteristics of blood far outweigh the biochem-
ical. Consequently, analysis of physical patterns like blood-
stain patterns at scenes of crime or on items of clothing may
reveal a wealth of significant information.

There are a number of typical scenarios where this may
apply. The suspect may have legitimately come into contact
with a bloodstained victim, or may plead self-defence. A
police member may be shot and there may be allegations of
impropriety. Other examples include a suspicious death
(homicide versus suicide), or where two persons or more
have bled at the scene and the blood may have mingled.
There may also have been a combination of any of the
above.

Crime scene reconstruction may be very important for the
correct interpretation of evidence. It is widely accepted that
an informed understanding and appreciation of crime
scenes comes from practical experimentation, in conjunc-
tion with an understanding of the causal science [1-5], and
associated texts carry a significant practical or practically-
orientated component. Experimentation often means that a
significant volume of human blood is used in situations
which may be hazardous for those concerned, given the
increasing frequency of the HIV, Hepatitis B and C viruses.

It is common knowledge that pig organ substitution in
humans is being trialled successfully both in Australia and
America and that pig and human blood have very similar
Haematocrit (Ht) or Packed Cell Volumes (PCVs) when
fresh. Porcine (pig) blood has been cited by some as a rea-
sonable alternative to human blood, but a comparison
between the physical parameters of ageing pig and fresh
human blood has not been documented in the literature.

Surface tension, viscosity and relative density measure-
ments as well as measurements on free-falling drops and
resulting stains were therefore made for both human and
porcine blood, under a variety of conditions. It was also
deemed to be necessary to compare the effect of length of
storage at 4°C on the physical parameters of blood, as is
likely to be the case if, for instance, a forensic training
course were being conducted over a period of days.

The pigs used included both the Landrace and Duroc Cross
pedigrees. The experimental conditions were deliberately
chosen to simulate, as closely as possible, those in which
blood is normally collected, even though this can produce
physiological changes not truly representative of typical
protein level concentrations, thereby influencing the viscos-
ity [6]. For instance, pigs stressed by ‘the abbatoir process’
are prone to the so-called ‘acute phase response’ which
markedly affects the albumen level (Richardson S, person-
al communication, 1994). In addition, blood samples from
different animals of the same species were mixed, to
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ascertain whether there was a measure of agglutination (as
would be expected with different ABO human types), there-
by markedly influencing viscosity.

Experimental

Surface tension

The surface tension pertinent to crime scene reconstruction
is essentially that surface energy or tension characterised by
a particular blood droplet’s surface and air interface. In the
absence of competing forces, the molecules at the interface
will be drawn inwards, minimising the surface area for a
given volume to give a spherical shape to the drop. As the
surface area decreases, molecules are withdrawn from the
surface into the interior of the liquid minimising surface
energy. One consequence of surface tension is that the
pressure on the concave side of the sphere exceeds that on
the convex. This force counteracts the effect of the surface
tension and prevents droplet collapse.

The surface tension (o) acting on the circumference of a
droplet diametric circle results in force o.27tr which equals
the pressure acting over the circular slice cut through the
sphere (P.nir?) at equilibrium [7].

P=20/r (1)

This shows that the internal pressure is inversely
proportional to the radius. Thus for very small droplets, the
greatest influence on shape is surface tension, irrespective
of competing forces.

The blood used in this work was pooled porcine blood
which was maintained at either room temperature or 4°C,
for different periods of time, to study both the effect of time
and temperature on the surface tension of blood. It was felt
to be necessary also to measure the surface tension of
pooled human blood under similar conditions, owing to the
paucity of documentation for this parameter. Two reliable
methods for surface tension determination were used to
cross-reference and therefore corroborate the results.

The drop weight method This method was chosen simply
because of the ease of construction of the apparatus, conve-
nience, reasonable accuracy and more importantly, the fact
that the method models a blood droplet leaving a finger or
weapon. The procedure is simply to allow drops to form
very slowly at the end of a nozzle. The gravitational pull on
the drop mass ultimately overcomes the surface tension
forces, whereupon the drop becomes detached and falls
(Figure 1). In other words, the maximum force available to
support the weight (W) of the drop is the product of the sur-
face tension force per unit length and the circumference of
the tip. This gives rise to Tate’s Law: W = 2 wtro,, where o
represents surface tension and r the aperture radius.

It is well established, however, that only a portion W’ of the
droplet actually falls, as high speed photography clearly
shows and as illustrated in Figure 1. The droplet forms a

Science & Justice 1996; 36(3): 153—-160
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FIGURE 1 Droplet becoming detached and falling leaving a
small volume of liquid remaining.

long thin neck just prior to falling and that neck, or at least
most of it, remains adhered to the orifice tip. The narrowest
part of the neck may break off to form a separate very small
droplet. It has been estimated that as much as 40% of the
liquid may remain attached to the tip. With blood, there is
the additional complicating factor of the residual blood
slowly drying at the edge of the circumference of the noz-
zle tip, leaving behind cellular matter and thereby altering
the dimensions of the circumference. These non-wetting
properties of blood mean that the internal radius of the tip
should be used.

The inability to register a true mass was treated mathemat-
ically by the method of Harkins and Brown [8] who calcu-
lated that the actual drop weight should be represented by

W’ = 2mrof 2)

where f = y(1/a) = ¢(r/V'?), a is the capillary constant and
V the drop volume which they verified experimentally.
Thus surface tension can be obtained from tables of f and
from

o = mg/2nrf 3

where m is the mass of the drop and g the acceleration due
to gravity (9.81m/s?).

It is desirable to use only those values of r/V'”® where the
f value varies most slowly. This method is quoted as being
accurate to 0.1-0.2% provided that the drops are formed
very slowly, particularly just prior to detachment.

The apparatus, designed by the authors and used for this
method, was a ‘Droplet Delivery Mechanism Apparatus’,
which allowed the throughput of droplets of liquid of a pre-
determined constant mass (or radius), at a pre-set constant
temperature. The apparatus consisted of a reservoir which
fed into a thermostatically-controlled, constant-head tank

Science & Justice 1996, 36(3): 153-160
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FIGURE 2 A sessile drop, illustrating how the height ‘h’ is
measured.

(to ensure uniform drop-mass delivery). The header tank
also housed an electric stirrer to ensure temperature consis-
tency. Droplet size, temperature and delivery rate were
fixed for a given investigation. The aperture which
modified drop size was an interchangeable brass funnel
connected via an ‘O’ ring to a needle valve housed
internally in the apparatus with only the valve tap protrud-
ing through the top of the apparatus. This meant that the
valve could easily be controlled manually, but more impor-
tantly, that all of the fluid right up to the interchangeable
brass funnel, was maintained at the predetermined temper-
ature. Drop mass was thus regulated and controlled by the
constant head and the temperature could be maintained at
37+£0.5°C.

The images of the droplets leaving the tip were captured by
two cameras positioned at 90 degrees to one another. This
ensured that, within experimental error, the drops were pho-
tographed when situated at the centre of the camera
viewfinders to minimise any parallax error.

The sessile drop method This well known procedure is one
commonly used for liquids with high surface tensions. The
method and theory is covered by Adamson [7] and Burdon
[9]. A large drop of the liquid is formed in either a cup-
shaped depression, a concave surface or on a plane. The
vertical distance h, is measured between the summit and the
plane through the points at which the tangent to the surface
is vertical (usually termed the equatorial plane). Therefore
measurements are made on the part of the drop not in con-
tact with the solid and results should be independent of the
surface and its properties. The large drop size provides an
internal check against drop contour irregularities due to
irregular wetting. As the size of the drop increases, the cur-
vature at the apex becomes less pronounced and tends to
zero as the drop size approaches infinity. For very large
drops, therefore, only one radius of curvature (that in the
plane of the drawings) need be considered, Figure 2.
This means that surface tension is simply described by the
formula

0. = Apgh®/2 @

where Ap represents the differential pressure across the
surface of the drop. Experimental data have shown that this
formula holds adequately for drops of radius of
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approximately two centimetres with no correction factor
necessary.

It was found to be necessary with sessile blood drops to coat
the surface of the plane surface, upon which the drop sat,
with an even deposit of high viscosity grease. Otherwise, it
was extremely difficult even with a clean hydrophobic sur-
face to ensure that the drop shape was not adversely influ-
enced by surface tension ‘point’ variation effects between
the surface and the drop.

The droplets were photographed using Technical Pan Film,
f stop 5.6 at a shutter speed of 1/15s. The contrast of the
product was enhanced by treating the film as ASA 50. The
camera was mounted relative to the drop in such a way that
the focal distance did not alter between photographs.

Finally, a vertical scale was photographed at the same
distance to enable accurate measurements of the drop
photographs against the scale reference to be made, using a
Wild Leitz TM-9010 System Monitor. This is an optical
microscope interfaced with a digital length measuring
apparatus and can be calibrated by tracking against a scale
to give a very accurate estimate of the actual dimensions of
the drop. The camera and drop surfaces were levelled prior
to photography with a spirit level and the surface was
placed on a flatbed electrophoresis unit connected to a
water pump system, which could be held at 37 + 0.5°C
during data collection.

Photographs were taken of distilled water and mercury as
internal controls, human blood in both ACD and EDTA
anticoagulants from a number of sources and porcine blood
taken from four different animals. The large drops of pig
blood were photographically captured fresh, and after one
and two weeks of 4°C incubation.

Cone

Plate

)

FIGURE 3 The cone/plate viscometer mechanism.

Viscosity

Ten porcine blood samples were collected directly into
EDTA anti-coagulant bottles from the necks of animals
killed at the abbatoirs.

The method chosen for accuracy and speed was that using
the cone plate viscometer [10-15]. The Wells-Brookfield
Cone/Plate Viscometer (Figure 3) is a torque measuring
system which utilizes a calibrated beryllium/copper spring
to quantify the resistance offered by a sample fluid to a
rotating cone. The fluid sits betweeen the cone spinning at
a predetermined speed and a stationary plate. The resistance
to the cone rotation is proportional to the shear stress in the
fluid where shear stress is itself defined as the rate of defor-
mation of the fluid. The shear rate is a function both of the
cone rotational speed and the gap between the cone and the
plate. The viscosity is the ratio of the shear stress to the
shear rate and may be considered to be a constant for a
Newtonian fluid. Blood as a non-Newtonian fluid, howev-
er, may be expected to have a viscosity which is dependent
on the shear rate (Figure 4).

Viscosity measurements were also made using a Wells-
Brookfield Programmable Rheometer according to the
specifications laid down by that manufacturer. The instru-
ment was calibrated by a National Association of Testing
Authorities, Australia (NATA) registered laboratory prior to
use and re-calibrated at 37°C using the Brookfield Viscosity
Standard Fluid 10, Lot No. 112288, before and after the
generation of each set of data points. This oil has a viscosi-
ty of 9.6 centipoise (cps) at 25°C and should have a value of
7.7 + 0.1 cps at 37°C.

Haematocrit (Ht) value Since viscosity is considered to be
a function of the haematocrit value, the estimation 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
comparisons with those figures cited in the literature for
both fresh human and fresh pig blood [16]. The technique
used was the standard Australian method as laid down by
the National Association of Testing Authorities (NATA)

Viscosity (cp)

Shear rate (S-1)

FIGURE 4 Schematic illustration of non-Newtonian change
with shear rate increase.
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which requires that the blood Ht tubes be centrifuged at
12000 rpm for 3-5 minutes. Haematocrit measurements
were made and normalisation effected according to the
formula

(The Ht value from analysis/ the Ht value required)
— 1 = Volume of sample plasma needed to add to
1 ml of sample whole blood 5)

Analyses were commenced within three hours of acquisition
of the samples. The same ten pig blood samples were split
into 4°C and room temperature regimes and re-tested (unad-
justed) after eight days and again after 14 days. These sam-
ples were not normalised as there was significant lysis which
varied considerably from sample to sample. This would have
made such an analysis fairly meaningless, particularly as
some of the samples appeared to have been significantly
affected by yeast and/or bacterial contamination.

In addition, equal volumes of the ten samples were mixed
and subjected to exactly the same conditions as those
described. The rationale was simply to determine whether
the agglutinins of some of the pigs formed complexes or
reacted with the agglutinogens of others, in such a way as
to influence the viscosity of the mixture in the short or long
term.

Finally, as blood is a non-Newtonian fluid, whose viscosity
typically approaches a limiting value at shear rates in excess
of 200s™, a comparison was made between the velocity of
the blood in the moving droplet with the velocity of the
blood between the cone and plate of the rheometer, to
ascertain whether the two were sufficiently similar to allow
meaningful viscosity comparisons to be made.

Relative density (specific gravity)

The method used was essentially that described by Nelkon
and Ogborn [17]. The relative density of the blood was
measured using a pyknometer graduated to hold a volume
of 10ml at 20°C. The pyknometer was weighed dry at 37°C,
with distilled water as a reference sample at 37°C, with
fresh human blood from a number of individuals and final-
ly with fresh pig blood. The anticoagulant used for the
human sources was both EDTA and ACD. This process was
repeated for one- and two-week-old pig blood which had
been stored at 4°C. Four different pigs were tested in each
case. All weighings were made by a Mettler top-loading
balance in a 37°C % 0.5°C incubator which had been cali-
brated at that temperature after equilibration. Time was
allowed for equilibration after each step in the weighing
process.

Blood stain size versus blood droplet size

The drop-weight apparatus was used to ensure that the
blood droplets were of a consistent and measurable weight
and were being propagated at a temperature of approxi-
mately 37°C. This meant that an accurate radius could be

Science & Justice 1996, 36(3): 153-160

determined and measured against the resulting stain size.
Two different aperture sizes were used to generate different
size drops. The target surfaces were those typically associ-
ated with a crime scene comprising a gloss acrylic and a
low sheen paint surface, linoleum, laminate, glass and face
brick. The drop distance from aperture to target surface
(1.7m) was chosen such that the droplet velocity was,
firstly, not substantially different from terminal velocity and
secondly, approximately the distance between an adult male
face and the ground.

Results and discussion

There are five factors influencing the shape of a liquid
droplet: surface tension, hydrostatic pressure, aerodynamic
pressure, internal circulation and electric stress. Research
suggests that internal circulation would have minimal effect
on drop shape and the electric field stress is not applicable
here. Hydrostatic and aerodynamic pressures are more com-
plicated than the aqueous drop at terminal velocity model,
as the velocity and direction of the crime scene blood
droplet are almost always changing in flight.

Blood is a unique fluid, with physiological properties (such
as its ability to clot), which potentially also serve to com-
plicate computations. Clotting and drying times, however,
appear to be of an order of magnitude unlikely to influence
the ballistic nature of blood droplets [18].

Blood is not a medium which easily lends itself to some
aspects of analysis characterisation. Once outside the body,
a number of complex mechanisms come into play, which
make the fluid unique. In addition to the normal liquid
drying factors, namely ambient temperature, prevailing air
currents and humidity, blood both clots and, under certain
conditions, differentiates into two principal components —
the particulate matter and the plasma.

The speed with which an assault takes place, where blood is
airborne for a fraction of a second, means that the concerns
over clotting, drying or separation factors are largely
unfounded. The bloodstain patterns generated by the
dynamics of an assault are a result of small drops or stains
of blood impacting on surfaces. The parameters above may
only be an issue if the assault is protracted, or is effected
in stages.

There are only three physical properties which directly
influence the flight characteristics and the non-Newtonian
properties of the blood drops or smears; namely, surface
tension, viscosity and specific gravity or density.
Consequently, in any reconstruction, re-enactment or simu-
lation, it is important to know that the blood being used
closely approximates human blood leaving the body. For
instance, it is generally necessary to use an anti-coagulant
and, if large volumes are needed, it is not uncommon to use
animal blood in lieu of human. Animal blood is easily
obtained in volume from an abbatoir and believed to be free
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Ofrom the HIV and hepatitis viruses associated with human
blood. The other consideration is the way in which liquid
blood performs after storage at room temperature, 4°C or
-70°C. It appears to be only specific gravity or density mea-
surements of blood from various species that have been
well documented by Wintrobe [16].

Surface tension

Falling drop method The falling drop apparatus as devised
required approximately 0.5 litres of liquid to maintain a
constant head at 37°C = 0.5°C. The apparatus was tested
with distilled water and gave a surface tension range value
of 6.6-7.0 x 102 Newtons per metre (N/m) using two dif-
ferent sized apertures. Table 1 gives a literature value of
7.14 x 10 N/m. Fresh human blood preserved in acid cit-
rate dextrose (ACD) gave a value of 6.1 x 10-2 N/m. ACD
was the preservative used by the Victorian Blood
Transfusion Service.

TABLE 1 Surface tension results obtained by
drop weight and sessile drop methods.

Surface tension (x 107 N/m)

drop weight sessile drop
Distilled water 6.6-7.0 6.9-7.25
Human blood 6.1 5.1-5.7
Pig blood (fresh) 5.1 5.3-5.8
Pig blood (7 days) 5.6 5.3-5.65
Pig blood (14 days) 5.7 5.1-5.6

Pooled pig blood, preserved in EDTA, gave values of 5.1 x
10-2 N/m for fresh blood, and 5.6 and 5.7 x 10> N/m for pig
blood, one- and two-weeks old respectively. The blood was
stored at 4°C when not under test conditions. The major
problem associated with this method was the propensity of
the blood to leave a small residue of cellular matter on the
aperture circumference which built up over a period of time
thereby altering the effective diameter of the aperture.
Consequently, the apparatus aperture needed constant mon-
itoring and cleaning. In addition, it was not possible to use
small apertures, as small radii values give rise to significant

errors in the value of the corrective factor f, as in equations
2 and 3.

The sessile drop method The small volume of blood
necessary for this technique (< 2 ml) meant that blood
samples from a number of persons could be analysed with
relative ease. Distilled water test results ranged from
6.9-7.25 x 10* N/m. The surface tension of blood taken
from five individuals was analysed as 5.1-5.7 x 102 N/m
(Table 1). The difference in anticoagulants, on the small
number of samples tested, did not appear to have
significantly influenced results.
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The surface tension results obtained for the four pig bloods,
each tested fresh and at one and two weeks of age, were
5.1-5.8, 5.3-5.65 and 5.1-5.6 x 10> N/m respectively, and
were very similar to values obtained for humans. In addi-
tion, there was no significant change in surface tension with
storage at 4°C.

Viscosity

The haematocrit value (Ht) is generally considered to be a
useful guide to the viscosity of a fluid. The typical Ht value
for pig blood is not at all dissimilar to that of human blood
(Table 2). The viscosity of pig blood, however, is
approximately 20% higher than fresh human blood (Table
3). This difference is extended to 60% after two weeks
incubation at 4°C. Incubation at body temperature for that
period, not surprisingly, gave results that rendered it entire-
ly unsuitable for further use. Mixing blood from different
pigs did not appear to influence the resultant viscosity in
any measurable way.

TABLE 2 Change of haemotocrit values of pig
blood over time and temperature. Published
range of pig blood: 38.9—46.3.
Published range of human blood: 40.0—45.0.

Age of blood Temperature
4°C 37°C

Fresh pig blood 40.5

1 week old 44.6 45.0

2 weeks old 47.0 50.0

TABLE 3 Range of viscosities obtained for pig
blood. Typical published range of human blood:

3.2-44.
Age of blood Temperature
4°C 37°C
Fresh pig blood 3.9-5.4
8 days old 49-6.3 6.3-8.8
2 weeks old 5.5-6.9 6.8—>10

Velocity within a droplet Given that the viscosity of a non-
Newtonian fluid varies with shear stress, it was important to
determine whether the velocity in a typical airborne droplet
was of a similar magnitude to the blood under test. It is pos-
sible to calculate the velocity V at the maximum droplet dis-
tortion by taking the distance r from the droplet centre to the
furthest point on the droplet surface to be

r=R +¢t) (6)

where R is the radius in the equilibrium position and &(t)
represents the change (distortion) at time t. From potential
flow theory of small oscillations [19] where V.(R)
represents, we have

Science & Justice 1996; 36(3): 153-160
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Vr(R)max = 2aRY ymax )

where a is an arbitrary small constant from the mathemati-
cal analysis.

Vr(R)max = m(rmax - R) ®

From the theory for small oscillations of droplets, we have

Hence

Imax = R + 28R Yoo, /@ 9)

where ® is the angular frequency of oscillation and Y,q.x
is the maximum of a spherical harmonic function, so that a
is a measure of the amplitude of the oscillation.

This allows us to make a comparison between the velocity
of the blood in the droplet against the velocity of the blood
between the cone and plate of the rheometer used for mea-
surement.

An ‘extreme’ velocity likely to be encountered can be mod-
elled thus

R =2.25mm; 80%A = 0.45mm; T = 0.03s
Internal velocity = 30 mm/s 10)

For a rheometer cone radius of 24mm where the cone is
being rotated at 60 revolutions per minute (rpm), the veloc-
ity at a point on the circumference of the cone is

60 x 21 x 24/60 = 150 mm/s

A smaller droplet will have an oscillation period of < 0.03s,
(a 1.0mm drop, for instance, has a period T of 0.01s) and so
V(R)ax Will be >100mmy/s, which is approximately equal

TABLE 4 Effect of ageing on relative density of
pig blood. Typical published human range:

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

to the viscosity measured by the cone/plate method at
60 rpm. At this revolution speed, which implies a shear rate
of 230s”, the viscosity of blood approaches a limit as
illustrated in Figure 4.

Relative density

The relative density measured for human blood containing
ACD or EDTA anti-coagulant was found to be almost
identical to the published range; (1.052-1.063 versus
1.056-1.061) [16]. The values determined for fresh, one-
and two-week-old pig blood were again not significantly
different from either the human values or one another;
1.062, 1.058 and 1.058 respectively (Table 4).

Blood stain size versus blood drop size

The stain size ranges produced by droplets of controlled
size are shown in Table 5. As may be seen, the stain sizes
showed little variation with target surface. It should be
remembered that, unlike carpet or fabric, none of the sur-
faces used could be considered to be absorbent; stains on
absorbent material do not accurately reflect drop size or
direction. There did not appear to be any significant differ-
ence between the stain diameter sizes produced by human
or pig blood drops. There was, however, a distinct trend
towards a slightly decreasing pig blood stain width with age
of the blood, despite the lack of change of surface tension
with time. This may be due to the change in frictional prop-
erties (viscosity) of the blood over time, as the cellular
material in the blood lyses and degrades with age and expo-
sure to the atmosphere.

Two different aperture sizes were used. The stain widths
generated on all surfaces tested were found to be 4.5-5.0
times the diameter of the blood drops, at approximately
37°C, that produced them. This gives a measure of the ‘fly-
ing’ drop size which produces any given stain on a non-
absorbent surface. These results are entirely consistent with
those obtained by other researchers using water as their
medium [20].

Conclusion

The comparison of fresh human blood with fresh and aged
porcine blood using the parameters surface tension, viscos-
ity and relative density, shows a remarkable similarity
between the two. This means that it is valid to use pig blood

TABLE 5 Stain sizes (mm) obtained on different target surfaces from controlled drop volumes. Two different
aperture sizes indicated by /. Blood stored at 4°C between tests.

Surface
Blood gloss acrylic low sheen linoleum laminate glass Jace brick
Fresh hum;n 217.0/19.8 | 20.2/19.0 19.8/18.9 20.0/19.7 2;6H93 20.0/18.2
Fresh pig 19.7/18.6 19.2/18.7 19.8/19.4 19.9/19.5 20.1/19.8 18.8/18.1
1 week old pig 19.6/19.0 19.3/18.7 19.7/19.4 19.7/18.4 18.3/18.2 19.3/18.7
2 week old pig 18.5/18.3 18.7/17.8 19.0/18.4 18.9/18.3 18.6/18.2 18.4/18.0

Science & Justice 1996; 36(3): 153-160
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instead of human blood for the re-enactment of a crime
scene or for educational purposes, even when the pig blood
is up to two weeks old, provided it has been incubated at
4°C for that period. It should be remembered, however, that
the viscosity of pig blood is higher than that of human
blood and consequently will dampen drop distortion faster
than is the case for human blood. The extent of this effect
and the implications for impact angle measurement may
be calculated.

Finally, the fact that the human blood stain width/drop
diameter ratio (4.5-5.0) is comparable to that of pig blood,
not only allows drop size estimation, but also confirms the
validity of the latter as a safe, convenient alternative to
human blood with all its associated health hazards.
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Blood Specific gravity (relative density)
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1 week old pig 1.058
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