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scenaiios put forth. We would certainly welcome any additional 
probable scenarios to explain the trauma observed. 

The focus of this article was to examine the extensive injuries the 
individual sustained in order to ascertain the most probable manner 
of death. As we are aware that cause of death is a medical detenni- 
nation, there is no attempt in this article to ascertain cause of death. 
We are simply stating that the severe injuries sustained by this in- 
dividual most likely seriously incapacitated him. 

Finally, several of the injuries to the scapula and vertebrae have 
been attributed to contraction of particular muscles. However, our 
understanding of avulsion fractures as a result of forcible tearing or 
pulling suggested that these injuries could also be classified as 
avulsion fractures. For instance, fractures of the inferior and supe- 
rior scapular angle, where there is muscle attachment, are often 
classified as avulsion fractures. 
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Commentary on Introna F, Di Vella G, Campobasso CP. 
Determination of postmortem interval from old skeletal remains 
by image analysis of luminol test results. J Forensic Sci 1999; 
44(3):535-8. 

Sir: 
I have a few questions for the authors followed by some com- 

ments on luminol. What was the history of the bones examined in 
the study? Were the bones from burials or were they from non- 
buried, relatively pristine bodies? Did the bones undergo any 
cleaning procedures prior to luminol treatment? 

A forensic scientist must always be very careful when interpret- 
ing luminol results. In this study, the authors took appropriate steps 
to eliminate false positives that could result from plant peroxidases; 
however, other sources of contamination can cause false luminol 
positive reactions. Copper, copper salts, ferricyanide, iron ions, 
cobalt ions, and sodium hypochlorite (bleach) can cause lurninol to 
fluoresce (1-3). Any of these substances could come in contact with 
bones, particularly bones that have been buried in mineral rich soil 
and bones that have been cleaned with tap water and/or bleach. I 
have seen lunlinol react with copper salts that have leached into the 
fabric surrounding the copper rivets of blue jeans. I have also seen 
luminol react with black fingerprint powder. When using the sug- 
gested method for aging bones, the scientist must be aware of other 
substances that can cause variation in the fluorescent intensity of lu- 
minol. Standards, such as known bone samples of varying PMI, and 
controls, such as a soil sample collected from the area s~irrounding 
the bone, clothing associated with the remains, and bone cleaning 
materials, should be used in conjunction with this type of analysis. 
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Authors' Response 

Sir: 
Thank you very much for the comments regarding our article: 

"Determination of postmortem interval from old skeletal remains 
by image analysis of luminol test results." We do really appreciate 
them and certainly agree that forensic scientists must always be 
very careful when interpreting luminol results. 

The goal of our study is testing a simple and easy distinction 
method between two broad groups of skeletal remains frequently ex- 
amined during forensic investigations: "nlodem" (less than 50 years) 
and "ancient" (more than 50 years) bones. The paper is a preliminary 
effort to the evaluation of correlating the time since death with blood 
remnants in bone tissue. Luminol is very sensitive, reacting rapidly 
to the most minute traces of blood, but it is a presumptive test, capa- 
ble of deliveiing both false positives and false negatives. For exam- 
ple it does not differentiate between human and animal blood (1). 

Major sources of false positives are chemical oxidants, catalysts, 
and salts of heavy metals such as copper and nickel. To avoid the 
possible influence of the most common substances (such as iodine, 
rust, household bleach, formalin and plant peroxidases such as are 
found in horseradish, citrus fruits, bananas, watermelon and nu- 
merous vegetables), we washed in distilled water all the bone sam- 
ples and heated them to 100°C for a period of 5 mill prior to testing 
with luminol solution. This temperature does not appreciably affect 
the heme portion of the hemoglobin responsible for the lumines- 
cence reaction and destroys the plant peroxidases. 

However, as you stated in your comments, metal surfaces such 
as copper, copper salts, ferricyanide, iron ions, cobalt ions and 
sodium hypochlorite (bleach) are particularly likely to yield false 
positives. To avoid the possible influence of these substances we 
followed procedures as reported in a previous paper on this topic 
(2) collecting bone powder from the inner compact tissue of the 
mid-shaft of each femur. Compact bone is, in fact, far less suscep- 
tible to physical and/or surface contamination than trabecular bone 
with its large surface area to volume ratio and multiple cavities that 
easily become filled with contaminating soil and clay particles. Af- 
ter removing the periosteal (outer) and endosteal (inner) surfaces 
and pulverizing the compact tissue samples into a fine bone pow- 
der using a grinder no other particular cleaning procedures were 
used except a second washing in distilled water. 

Regarding the history of the bone samples examined, the femora 
belonging to the "ancient" group examined (fourth and fifth group 
with PMI ranging between 50 and over 80 years) were from human 
remains found in different ossuaries (crypts) of old Roman Catholic 
churches. For these latter bones the original burial conditions are still 
not well defined and for some skeletons completely unknown. How- 
ever, based on the negative results of image analysis of luminol tests 
for this latter "ancient" group we can exclude manifest false posi- 
tives since only one femur (PMI ranging between 50 and 60 years) 
revealed a very faint light-reaction (see the weaker luminance 
recorded from the powdered bone than the other groups). The most 
of femora (33 out of 60) belonging to the "modem" group (first, sec- 
ond and third group with PMI ranging between 1 month and 35 
years) were from skeletal remains found outdoors, in open fields, 
during forensic investigations. The rest of femora belonging to 
"modeid' group (27 out of 60) came from cemetery exhumations. 
These bodies were buried in wooden coffins embedded both beneath 
the soil and in cement niches for urns; actually, we do not know ex- 
actly which coffins were lined with metal (zinc) plate or which kind 
of clothing was associated with the remains. Consequently, it was 
not possible to standardize the variations caused by burial environ- 
ments, since the examined material came from different sites such as 
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bodies nonburied (found outdoors) and from not well defined burial 
conditions (church burials and cemetery exhumations). 

Exchanges of elements, anyway, between bone and the sur- 
rounding soil after burial have been reported (3-5) but never ex- 
amined systematically. To the best of our knowledge the most re- 
cent paper on this topic has been published in 1998 by Shinomiya 
et al. (6). In 1980 the inorganic substance content of skeletal re- 
mains was used by Foldes et al. (7) as a means of determining the 
duration of burial in the ground. In this latter paper the authors 
demonstrated that trabecular bone is highly susceptible to post- 
mortem absorption of inorganic contaminant substances than com- 
pact bone. They also observed that the metals content in bones 
gradually increases with age measuring higher concentrations in 
archaeological skeletal remains than in recent bone samples; dif- 
ferences in metal content were observed between bones and soil 
samples collected from the surroundings of the burial site. Varia- 
tion of trace metals in ancient and contemporary bones were also 
discussed by several other authors in relation to the mineralization 
of bones and the surrounding environment (8-10). 

Actually, we are going deeper in our research analyzing soil 
samples from the cemetery where the buried bones come from, and 
even if the study is still going on, we can anticipate that no clear 
false positives seem to have occurred to the femura of the "mod- 
ern" group. This is supported from the mineral content of bone and 
soil samples measured by atomic-absorption-spectrophotoinet~y. 
Between the "modern" bone samples and several contemporary 
controls no significant differences in the Fe, Zn, Pb, Cu, Cb, Mg 
and Mn content have been observed-unlike the high concentra- 
tion of metals measured from cemetery soil samples according to 
the results illustrated by Foldes et al. (1980). 

However, regarding the postmortem absorption of inorganic sub- 
stances such as salts of heavy metals by the skeleton, we think that 
much more has to be investigated. Since several substances can 
cause variation in the fluorescent intensity of luminol, we agree with 
you, of course, that controls, such as soil samples collected from the 
area surrounding the skeletal remains, clothing associated with them 
and bone cleaning materials should be tested when available in con- 
junction with the luminol test. This procedure of testing could ex- 
clude occasional false positives or negatives and validate the results 
obtained from the analysis. Since our JFS paper is a preliminay at- 
tempt to classify the correlation between the intensity and distribu- 
tion of chenlilurninescence from bone powder (compact tissue) and 
postmortem interval (PMI), our results provide only a glimpse of the 
potential of a lunlinol test as a chemical and physical method for 
dating human skeletal remains. We hope in the future to share our 
experience with other investigators and that our efforts continue to 
stimulate research and open discussions in this field. Further com- 
ments or suggestions are welcome and they are helpful to us. 
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Commentary on Hochmeister MN, Budowle B, Sparkes R, Rudin 
0, Gehrig C, Thali M, Schmidt L, Cordier A. Validation studies of 
an immunochromatographic 1-step test for the forensic 
identification of human blood. J Fosensic Sci 1999;44:597-602. 

Sir: 
In their validation of a device for identification of human 

hemoglobin in bloodstains, Hochmeister et al. (1) tested blood- 
stains from a variety of animal species. The domestic ferret 
(MusteEn puteriusfero) was not among the animals tested. Exami- 
nation of a database of amino acid sequences of proteins (2) reveals 
that the hemoglobins from humans, several primates, and ferrets 
share a common amino acid sequence from residues 67 to 73 of the 
alpha chain, namely TNAVAHV.' This sequence differs from that 
of the corresponding segment of hemoglobin from mouse 
(ASAAGHL) and rabbit and goat (both TKAVGHL) and is there- 
fore potentially immunogenic for the production of monoclonal 
and polyclonal antibodies. Such antibodies are the critical compo- 
nents of immunochromatographic devices. Among the amino 
acid differences between mouse and human hemoglobin, the 
TNAVAHV sequence shows maximal discrimination between hu- 
man and other commonly encountered animal hemoglobins and is 
the likely candidate for contribution to the epitope recognized by a 
n~onoclonal antibody selected for this purpose. 

Ferrets are occasionally encountered as companion animals in the 
United States and are potential sources of bloodstains. Because of 
this hemoglobin sequence homology, it is necessary to indicate the 
reactivity toward fei-ret blood in validation studies of irnmunoassays 
for identification of human hemoglobin in bloodstains. 
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' Single-letter abbreviations for the amino acid residues are: A, Alanine; G, 
Glycine; H, Histidine; K, Lysine; L, Leucine; N, Asparagine; S, Senne; T, Thre- 
oiune; and V, Valine. 




