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Bloodstain pattern evidence can be used in a variety of ways in erime
scene reconstruction, Careful examination and documentation of
bloodstain evidence will often yleld detalled information about the
nature of such bloodstains and the cauwes of certain stains. This
information can in turn provide valuable leads in salving crimes, For
example, by studying the size and shape of bloodstains, the angle of
incdldence of these blood spots and the distance from the origin can be
found. The origin of impact of blood spatters or falling bioodstains
ean be projected by examining the dynamlcs of blood droplets and the
patterns they produce., The approximate velocity of eausation of a
group of blood spatters can be learned through the size, demsity and
distribution of these blood spatters; the type and means of production
of a bloodstain can be determined by analyzing the shape, appearance
and pattern of such bloodstains. 1n addition, certain facts related to
the crime scene can also be recomstructed through bloodstain
evidence. For example, reconstruction of the geometric and spatial
relationships between people and objects can be determined from the
distribution and location of variows bloodsteins. The sequence of
events may aiso be determined by studying the directional and
geometric relationships of various bloodstains. The significance of
these bloodstain patterns in criminal investigation have been well
documented over the past 40 years (1-14). However, in reviewing
the literature it was found that thera has been very littie diseuwssion
concerning  the determination of the original volume of a dry
bloodstain (16). This type of determination can be important in erime
scene reconstruction. The voume of bloodstaine can yled
information about the fdllowing issues:

(1) in determining whether a particular
scene is a primary erime scene or a
secondary crime scene;

(2) inproving or disproving a suspect's alibl

(3} in confirming or dismissing a witnesses
statement;

() in determining the force with which a

group of blood spatters was produced;
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(3) in determining whether or not the

amount of blood is consistent with a type

of injury.
The folowing ere some of the methods sed by the
Connecticut State Police Forensic Science Laboratory for the
estimation of the original volume of a dry tloodstain.. These
methods have been applied in several major case investigations
and the results have shown it to be very wefd In case
reconstruction. Both direct and Indrect procedures can be wsed
for estimating the volume of a bloodstain. The selection of a
procedure lergely depends upon the type, nature and texture of
the surface on which the tloodstain Is deposited.
A known volume of liquid tlood was weighed with three
different analytical balances., We have found this weight to be
relatively constant. The dry weight of the btlood was obtained
by welghing the thoroughly dried blood crust on the same three
anslytical balances, Tabtie 1 1s a typlcal set of experimental
data, showing the relationship between the dry weight and wet
welght of a known valume of tlood.

TABLE 1
VOLUMR s WEIGHT
VOLUME WET WEIGHT DRY WEIGHT W-D mg. mg./u

0.01 ml. 10.4 mg. 2.3 mg. 8.1 2.3
0.02 ml. 20.5 mgq. 4.8 mg. 15.7 2.4
0.04 ml, 40.3 mg. 9.6 mg. 30.8 2.4
0.05 ml. 51.6 mg. 12.1 mg. 39.5 2.4
.06 ml. 8t.4 mg. 14.1 mg. 47.3 2.4
0.08 ml. 81.8 mg. 19.7 mg. 62.1 2.4
0.10 mi. 101.8 mg. 24.1 mg. 77.7 2.4
0.20 ml. 203.9 mg. 46.0 mg. 155.9 2.4
0.40 ml. 408.1 mg. 96.1 mg. 312.0 2.4
0.50 ml. 503.5 mg. 132.4 mg. 381.1 2.4
1.00 ml. 1024.3 mg. 41.3 mg. 783.0 2.4

A plot of the data in tatle 1 showed the linear relationship
between the dry weight of tlood and their originial volume.
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Specifically the slope of the dry weight vs. volume plot was
found to be 4.187 m}/0.1 mg or 0.4187 ml/mg. This value,
termed the dry-blood constant, also held trus for blood
samplesdonated by different individusis of different sexes,
ruées, and ages. By using this comstant in a simple
mathematical relatiorship, the original volume of bicodstains
can be obtained by simply muiltiplying the dry weight of blood
erust with the dry-blood constant (0.4167 ml/mg). These types
of calculations will yidd a rough estimation of the original
vadume of a bloodstain and avoid the more complex
calculations involving densities.

All hood wsed for this study was of human origin. Presh
samples were donated by normal, healthy indviduals, Some of
the blood samples used contained EDTA, an anti-dlotting
agent. We have compared blood containing EDTA or heparin
to freshiy drawn blood without heparin and have not found
them to be significantly different with respect to thelr weight,
Table 2 shows the weight of 0.04 ml of fresh tlood from four
different donors. The resuits indicate that the relatiomship
between the dry weight and wet weight of a known wvolume
blood is a constant .
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TABLE 2

VOLUME vs WEIGHT

0.04 m1 of Blood {fresh) from Four Different Donors

DONOR WET WEIGHT DRY WEIGHT Ww-WD mg

HCL 0.03851 0.00928 0.02723 9.3
. HCL 0.04089 0.00992 0.03097 9.9
HCL 0.03741 0.00840 0.02801 9.4
REG 0.04093 0.00887 0.0322% 8.7
REG 0.04030 0.00910 0.03120 9.1
REG 0.04035 0.00923% 0.03110 9.3
JCR 0.03851 0.00928 0.02723 0.3
JCR 0.03780 0.0089%0 0.02840 6.9
JCR 0.03841 0.009041 0.02900 9.4
MSL 0.03752 0.00024 0.02828 9.2
MSL 0.04019 0.00987 0.03052 9.7
MSL 0.03957 0.00943 0.03014 9.4

In eddition, we have compared the weighing resuts from
different examiners and we dd find there are minor
differences in weighing due to variations In the scale readings.
However, we have not found the dry-blood comstant to be
significantly aitered by these variatiors. The details are
described as follows

L  Direct Method

A. Direct method for bloodstain on a non-absorbent surface.

The original volume of bloodstaime found on non-
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absorbent surfaces such as lmife blades, broken glass,
metal objects, roclks, floor tiles, ceramic surfaces, plastic
or finished hardwood. can be easlly determined by a
simple weighing procedure.

(1) carefully scrape or lift the blooderust from its
surface;

(2) welgh the blooderusty

{3) original volune = weight x 0.4167 ml/mg.

The original vidume of a bloodstain is equal to the weight
of the blooderust times the drying comstant. This
constant has been determined by numerous experiments
conducted over the years, fdlowing the previowly
outlined method, (11,12). The wet weight of 1 ml liquid
blood was found to be 10.2 mg. The dry weight of 1 ml
blood was found to be 2.4 mg. The weight lost during the
drying process is 7.8 mg. :

B. Direct Method for Bloodstain on an Absorbent Surface.

When blood is deposited on an absorbent surface such as
paper, cloth, textile, sdll, ete. 1t is impossible to recover
all of the dried blooderust from the matrix since the
blood has been absorbed into the matrix. Under these
conditions the original vaume of tlood can be estimated
with the following procedure:

(1) weigh the bloodstain with the matrix (Wb}

(2) weigh a same sized sample of the blank matrix
(Wm)

(3) welght of the hlooderust = Wh-Wmy

() wvolume of blood = (Wb x 0.4167 mi/mg).

Occasionally drect weighing methods are not feasible due to
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circumstances. Two indirect methods can be uwsed to estimate
the original voiume of blood.

A.

Indirect Methods
Indirect Overlay Conversion,

When a iarge bloodstain is found on a large absorbent
ob]ect.uueh as a blanket, quilt, bedsheet, coat or carpet,
the volume can be estimated by indirectly weighing a unit
of the bloodstain according the the following procedures.

1. Prepare a rued overiay,
2. Place the overiay over the bloodstain.
3. Count the numbers of units over the stain.
4. Weigh 1 unit of bloodstain (Wh).
S. Weigh 1 unit of blank surface (Ws).
8. UW (unit weight of blood) = Wb - Ws,
7. Total weight of blood
(Tw) = number of units x UW.
8. Volume = TW x 0.4167 m)l/mg.

Indirect Photo Weighing Method.

Occaslonally the original bioodstain is not available for
examination, The only available evidence are erime scene
photos or crime scene notes and sketches, In several cases
the volume of the original bloodstain became a crucial
issue during the trial, making the estimation of the
volune of the bicodstain a necessity. Although this
procedure will not viedd an accurate resut, it will
produce an acceptable estimate,

(1) cut out 1 unit area of the photog
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(2)  welgh the wnit area of photo (Wp)

(3) cut the bloodstained area from the photo;

()  welgh the hloodstained area of the photo (Wb)

(5) total bloodstained area (TA) = Wi/ Wp x unit ares;

(6) obtain same type of blank surface material shown in
photo;

(7) prepare 1 unit of hlank surface material equivalent
to the size of 1 unit area in photo;

(8) deposit liqid blood onto the unit area of blank
surface;

(9) determine the volume of liquid blood wed to deposit
on the 1 unit blank surface (Vb);

(10) wolume of original bloodstain = TA x Vb,

This procedure only will give a very rough estimation of the
amomnt of blood in a particular stain. We have learned that
both Professor Herb MacDonell and Ms. Anita K. Wonder have
experence with this type of estimation. It appears that they
are using similar methods, but with different procedures than
what we have described, (13, 13)

In conclusion, the above methods can be used for estimation of
the original volume of a bloodstain. However, these procedures
should not be comsidered as techniques for accurate
determination, These procedures for the estimation of original
volume of a bloodstain are also subject to experimental errors.
The condition of the bloodstain, the recovery rate of the
blooderust and the weighing procedure are also important for
the final determination. These procedures only provide the
erime scene investigator with additional tools for crime scene
reconstruction,

54




1.

2.

4.

8.

7.

10.

1.

12.

REFERENCES

Balthazard, V., Piedelievre, R., Desollle, H., and Debrobert,

L., "Etude des Gouttes de Sang Projete”, Amn. Med.

L?}e Criminol, et, Police S, Med, Sociale et Toxicol.,
.19, , pp. J85-37%.

Kirk, P.L., "Affidavit Regarding State of Ohlo vs. Samuel
H. Sheppard', Court of Common Pleas, Criminal Branch,
No, 84571, 28 April 1955.

MacDonald, J.E., "The Shape of Raindrops,” Sclentific
American, Feb. 1954, jpp. 23-27. Reprinted by Sdl.
Amer. In 1979, as one of several articles apearing under
the titie, "T'he Physics of Everyday Phenomena.”

Kirk, P.L., "Blood - a Neglected Criminalistics Research
Area”, Law Enforcement Science and Technology, Val.
1, Academle Press, London, 1987, pp. !37—275(.

MacDonell, H.L., and Bislowsg, L.F,, PH%} Characteristics
and Stain Patterns of Human Blood, Washington, D.U.,

. De ent of Justice, Law Enforcement Assistance
Administration, 1971.

MacDonell, H.L., "Interpretation of Bloodstains: Physfcal
Considerations", Leﬁ Medcine Amnual, 1071, Wecht,
C,, ed,, Appleton- wy , New York, 1971,
MacDonell, H.L. and Blalowse, L.F., "Laboratory Manual
on the Geometrie Interpretation of Hunan Bloodstain

Evidence”, Painted Post, N.Y., Latoratory of Foremsie
Science, 1973.

DeForest, P.R., Gaenssien, R.E,, Lee, H.C., Poremrsic
Science: Anintroduction to Criminalistics, McOraw-
B, Tnc., New York, 1985, pp. 295-30K,

Bevel, T., "Geometrie Bloodstsin Interpretation”, F.B1.
Law Enf orcement Bulletin, Office of Congression

e s, Vol. 52, No. 5, May, 1983, pp. T-
10.

Laber, T.L. and Epstein, B.P. Bloodstain Pattern Analysis
Calien Putiisting, Inc., Minneapalls, 1557,

Lee, H.C., "Blood Pattern Interpretation™, NEAFS Bloodstein
Workshop, Jan, 1985,

Lee, H.C., Gaerssien, R.E. and Pagliaro, E.M.,"Determination

of the Volume of a Single Bloodstain™, A AFS 38th Amnual
Meeting Abstract B12, 1986,

55



