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ABSTRACT: Barium and antimony levels from selected areas of the left and right hands of
269 nonshooters provide a database for interpretation of gunshot residue swab analysis results.
The database represents a variety of activities of individuals sampled by collectors throughout
the United States. Nonshooting exposure to barium and antimony can generally be distin-
guished from firearms-associated exposure by considering the relative levels of the elements,
location on the hands, and condition of the swabs. Consistent definition of sampling pro-
cedures and accurate analytical results make this database applicable for interpretation of
data generated by most gunshot residue swab examiners.

KEYWORDS: criminalistics. gunshot residues, antimony determination, barium determi-
nation

Collection of gunshot primer residue (GSR) from a suspected shooter’s hands and
quantitative determination of the barium (Ba), antimony (Sb), and. less frequently, lead
(Pb) present provide data commonly used to associate the suspect with the recent dis-
charge of a firearm. Currently, GSR collection swab analyses are performed in approx-
imately 50 forensic science laboratories throughout the United States. Interpretation of
these analytical results is complicated by the presence of measurable amounts of Ba and
Sb on the hands of most persons. An indication of whether a person has been in the
environment of a discharging firearm is obtained by comparing the quantities of Ba and
Sb removed from the suspect’s hands with quantities of these metals removed from the
hands of a sample of nonshooters. Ideally, this nonshooter or hand blank database should
include people having an environmental exposure to Ba and Sb similar to that of the
suspect. Published reports containing amounts of Ba and Sb on the hands of persons not
handling firearms are summarized in Table 1 [/-11]. Several of these studies were de-
signed to measure the hand blank levels of only a few persons prior to performing test-
firing studies, rather than as hand blank surveys, so they contain a limited number of
samples. Nevertheless, the studies shown in Table 1 represent the total published hand
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blank experience upon which the GSR examiner must base his or her opinions. The
reported studies are characterized by relatively small sample populations and a wide
variety in sampling methods, analytical procedures, and results.

In 1982 and 1984, gunshot residue analysts from throughout the United States met at
the FBI Academy in Quantico, Virginia, to discuss the state of the art of gunshot residue
examinations. They identified the following five limitations in the existing hand blank
studies which make them difficult to use for evaluation of GSR test swabs:

1. Variation in the method of collecting the samples—As shown in Column 2 of Ta-
ble 1, hand blank data have been obtained using paraffin casts; hand swabs, with either
one or two swabs and various solvents; solvent rinses; and tape lifts as methods of sample
collection. Attendees at the meetings agreed that the most universally acceptable method
of obtaining hand blank data that can be used across jurisdictional boundaries is using
two plastic-shafted, cotton-tipped swabs moistened with 5% nitric acid solution per sam-
pling area.

2. Variation in instrumental methods, the use of outdated instrumentation, and inclusion
of some unreliable data— As shown in Column 3 of Table 1. existing hand blank results
were obtained using neutron activation analysis (NAA), atomic absorption spectropho-
tometry (AAS), and photoluminescence (PL). GSR examiners generally agreed that most
NAA results were reliable, but that variations in extraction and analysis procedures among
laboratories made reported Ba and Sb determinations inconsistent when using AAS
procedures. Recently, AAS procedures that provide accurate Ba and Sb measurements
have been developed [11,12]. The close agreement between NAA and AAS results allows
NAA hand blank data to be used by laboratories using either method of analysis. The
PL method is incapable of determining Sb at hand blank levels or Ba at any level, so it
has never been used by operational forensic science laboratories. An additional limitation
of some of the citations in Table 1 is that they report only averages or ranges, rather
than individual results [4,5,10].

3. Unreported or inadequately documented activities and occupations of subjects—Pre-
vious studies reported the occupation of the person from whom a hand blank sample
was taken, rather than his or her activity prior to swabbing, even though it is widely
agreed that a subject’s activity affects the amounts of Ba and Sb present to a greater
extent than does his or her occupation. The selection of activities in previous studies was
not representative of the general population. In reports concerned with test-firing studies,
subjects for hand blank collection consisted entirely of students or laboratory workers
[4,5,7,8].

4. Variation in areas of the hands sampled—Most previous studies included only backs
of hands or one hand only. Moreover, the definition of the areas sampled differed from
one investigator to another, particularly when different sampling methods were used.
Consistent definitions of hand sampling areas are a requirement of a hand blank database
if it is to be used in GSR interpretation. Most examiners currently use both back and
palm areas of the hands of suspected shooters in evaluating GSR evidence. The meeting
participants felt that useful information would be gained by making both palm to back
and right to left hand comparisons.

5. Failure to consider regional differences—Previous hand blank studies each used
subjects from a specific geographic area. However, environmental levels of Ba and Sb
that are reflected in hand blank results may vary from one location to another. Participants
in the meetings agreed that samples collected from throughout the country should be
compiled into a widely available hand blank database.

A new survey of nonshooters was designed with the goal of overcoming these limitations
in available hand blank data. Conventions pertaining to the method of swabbing the
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hands, information collected at the time of swabbing, and analytical procedures were
agreed upon. None of the previous studies shown in Table 1 meets all of the agreed-
upon conventions. FBI Laboratory personnel prepared sample collection kits and sent
them to volunteer hand blank collectors. During sample collection, specific information
pertaining to the activities of the subject being swabbed was acquired to facilitate inter-
pretation of the results. FBI Laboratory personnel agreed to analyze the swabs and
disseminate the results of the study. A total of 667 sample kits were sent to 56 collectors
throughout the United States. This report summarizes the results for the 269 swab kits
returned and analyzed to date.

Materials and Methods

The sample collection kits assembled by the FBI Laboratory consisted of separately
packaged and labeled pairs of swabs and a bottle of 5% nitric acid solution. Each pair
of swabs was used for sampling a specific area of the hand. In the first year of this study,
the palm and back areas were selected for study. In the second year, an additional optional
arca was added to provide information requested by several of the seminar attendees.
These areas are indicated in Fig. 1. To collect a sample, each swab of a pair was moistened
with a few drops of the nitric acid solution and rubbed over the designated sampling area
one after the other. The swabs were then placed together in their prelabeled container.
One pair of swabs, which was used as a control sample for each subject, contained the
swabbing solution only. The sample collector completed a questionnaire about each
subject being swabbed. The information obtained is summarized, by example, in the

BACK AREA
of HAND

FIG. 1—Sampling areas on the right hand.
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upper portion of Fig. 2. All the swabs were packaged in the containers provided and
returned to the FBI Laboratory for analysis.

Upon their receipt in the FBI Laboratory, information from the subject questionnaire
sheets was recorded, and the swabs were removed from the packages, examined micro-
scopically to determine the degree of utilization and the nature and amount of soiling,
and analyzed for their Ba and Sb contents using NAA procedures reported previously
[Z3]. A typical report of results is shown in the lower portion of Fig. 2.

Discussion of Results

A total of 269 hand blank kits collected by 22 contributors have been analyzed to date.
Preliminary evaluation of the data indicates that most of the results are low, in the ranges
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FIG. 2—Sample collection and laboratory results information sheet. The upper portion contains
information obrained from the subject at the time of sample collection and the lower portion contains
laboratory observations and analytical results.
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typically reported in other hand blank studies. However, a significant number of subjects
were sampled who had relatively high amounts of either Ba or Sb or both on at least
one of the sampling areas.

Descriptive statistics of all hand blank data as a group are shown in Table 2. The
element concentrations are not normally distributed about their mean values, as is in-
dicated by the proximity of the means to the limits of detection and by the maxima being
generally about ten standard deviations above the mean. Further indications of the lack
of a normal distribution are that the mean values for Ba and Sb for each sampling area
are between 3 and 20 times greater than the median values, and the calculated values of
skewness and kurtosis are all high and positive, indicating a long positive tailing of both
Ba and Sb distributions. Therefore, the mean and standard deviation values are very
poor measures of the distributions of elemental contents among the samples, and inter-
pretation of the results based on Gaussian statistical assumptions is meaningless. In other
hand blank studies, it has been suggested that logarithmic normal and z-distribution
models of hand blank data can be used to set threshold levels for interpretation of GSR
test swab data [1,5]. Although the Ba data in this study are approximately normal fol-
lowing logarithmic transformation, and both Ba and Sb data approximate a ¢-distribution,
we have not applied these models to our data and do not recommend this approach for
setting threshold values for reasons to be discussed. The descriptive statistics in Table 2
are provided merely to facilitate comparison with hand blank results reported in other
studies.

To assist in evaluating the analytical results, we have divided the hand blank data into
four groups, as follows. All subjects having less than 0.5 pg of Ba and 0.05 pg of Sb
from the sampling areas on the backs of both hands were placed into a low-Ba/low-Sb
hand blank group. The remaining subjects were placed into one of three high hand blank
groups depending upon which elements exceeded the cutoff values on the back of hand
sampling area. The three high hand blank groups consisted of a high-Ba/high-Sb group
having greater than 0.5 g of Ba and 0.05 ng of Sb on the back of one or both hands,

TABLE 2—Summary statistics of results of analysis of all the hand blank samples; the hand
areas are designated R or L, indicating the right or left hand, followed by B, P, or O,
indicating the back, palm, and optional area.

RB RP RO LB LP LO
Barium
No. of samples 266 266 161 268 267 160
Minimum, pg 0.000 0.000 0.003 0.001 0.000 0.000
Maximum, pg 13.6 245 3.94 1.73 42.5 2.41
Median, pg 0.058 0.089 0.048 0.055 0.081 0.045
Mean, pg 0.22 0.41 0.21 0.16 0.46 0.16
SD, pg 0.91 1.78 0.51 0.28 2.67 0.30
Antimony

No. of samples 268 269 162 269 269 162
Minimum, pg 0.000 0.000 0.000 0.000 0.000 0.000
Maximum, pg 4.50 33.1 1.22 10.4 9.05 0.421
Median, pg 0.003 0.006 0.002 0.003 0.006 0.002
Mean, pg 0.030 0.15 0.017 0.050 0.063 0.013

SD, pg 0.276 2.02 0.098 0.637 0.562 0.044
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a high-Ba/low-Sb group, and a low-Ba‘high-Sb group. Subjects with one hand in the high-
Ba/high-Sb group and the other in some other group were classed as high-Ba/high-Sb.
Subjects with one hand in either high-low group and the other hand in the low-low group
were classed in the appropriate high-low group. Individual results for each subject in the
four groups are shown in Table 3. Not all sampling information is shown in Table 3
because of space limitations.

Several generalizations can be made concerning the results shown in Table 3. Most
significantly, using the cutoff limits selected, 235 of the 269 hand blank subjects, or about
87%. are in the low-low hand blank group. It is important to consider how samples are
collected before placing undue emphasis on the distribution of samples in this and other
studies. In our experience, sample collectors tend to select as subjects either acquaint-
ances, who generally fall in the low hand blank group, or subjects suspected of being
“problem cases,” such as automobile mechanics and others with high exposure to en-
vironmental sources of Ba or Sb or both. Sample contributors tend to concentrate on
subjects from one or the other, but not both of these groups. The distribution of subjects
between the high and low hand blank groups is highly biased by this collection procedure.
Consequently, it is likely that the high hand blank group is overrepresented in this study
and that the positively skewed frequency distribution of all samples is not representative
of the total nonshooting population. Survey data such as these cannot be used in a
statistical model based on any assumed distribution to set thresholds for distinguishing
firearm discharge from environmental exposure unless it can be demonstrated that the
subjects were randomly selected from the nonshooting population. Despite this limitation,
we still observed that the four hand blank groups agreed reasonably well with the ranges
reported in other studies. The threshold values selected to divide the groups are arbitrary,
but are the levels of Ba and Sb above which many examiners begin to attach significance.
The discussion which follows is based upon the divisions made in Table 3.

Low-Low Hand Blank Group

Summary statistics for the 235 low hand blank samples are given in the lower portion
of Table 3a. As for all the hand blank samples as a group, the frequency distribution for
the low hand blank group in all sampling areas is positively skewed. That is, most results
are very low, with only a few results above the mean value. Changing the cutoff values
from 0.5 and 0.05 to 0.2 and 0.02 for Ba and Sb. respectively, only decreases the number
of samples in the low group from 235 to 190. The frequency distribution of the 190
samples remains positively skewed, however. The Ba and Sb differences among individual
samples in this group are not significant because of their proximity to the analvtical
detection limits and the variability normally observed in repeated sampling of the same

person [7].

High Hand Blank Groups

Along with the analytical results shown in Tables 3b through 34 for the three high
hand blank groups, we have also listed the test subject’s occupation, whether the person
was actively engaged in that occupation, whether the subject washed his or her hands in
the two hours prior to sampling, and the appearance of the swabs recorded during
microscopic examination. Other factors such as handedness and hand size are not included
in Table 3 because of space limitations. Their roles will be discussed separately.

Several observations can be made about the high hand blank samples as a group. First,
the occupations represented in the high hand blank groups are those in which a practi-
tioner’s hands get dirty, such as mechanics, or they represent unusual exposure to Ba or
Sb, such as the use of barium chloride (BaCl.,) by a paper mill worker. Second, the
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condition of the swabs in these groups was, in general, very dirty and well used. Third,
the geographic location is misrepresented because collectors in a few areas collected
suspected “‘worst-case” samples, while others only collected samples from readily avail-
able colleagues. As examples of this we offer the observations that 11 of the 34 samples
in the three high-level categories were submitted by a single hand blank collector, and
the 9 high-high samples by only 4 collectors. Observation of the data shown in the high-
level groups does indicate, however, that some activities are more likely than others to
contaminate the hands of nonshooters with high levels of Ba or Sb or both.

Only the samples in the high-high category are of concern to the GSR examiner as
potentially being misinterpreted as positive indications of the presence of GSR. Of pri-
mary significance is the fact that only 9 of the 269 subjects in this study fall into the high-
high category. Blind adherence to the selected threshold levels would incorrectly classify
these 9 subjects as positive for the presence of GSR. Further consideration of these
samples in light of several criteria based upon test-firing and other interpretational ex-
perience is warranted. Data from hundreds of test-firings using ammunition containing
both Ba and Sb indicate that the mass ratio of Ba to Sb on swabs containing GSR is
almost always in the range of 1 to 10.> Of the 9 subjects in Table 3d, Subject 2 (left
hand), Subject 7 (right hand), and Subjects 5, 6, and 9 have Ba/Sb ratios greater than
10 in most or all sampling areas. A constraint to fixed application of this ratio rule is
that the test-firing data were obtained using a shooter with clean hands. In case situations,
environmental levels of Ba and Sb present prior to shooting can affect the postdeposition
ratios. In general, Ba is more prevalent than Sb in the environment, so Ba/Sb ratios
greater than 10 are possible in actual shooting situations.

A second consideration used in differentiating between environmental and firearm-
discharge-derived Ba and Sb is the observation from test-firing studies that shooters
normally exhibit higher levels of Ba and Sb on the backs of their hands than on the palms
[11].? Of the nine subjects in Table 3d, only Subjects 4 (left hand) and 9 had higher levels
of both Ba and Sb on the backs than on the palms of their hands. A constraint to the
palm/back rule is that test-firing results are generally obtained immediately after firing,
with little or no additional handling of the firearm or ammunition. It is well documented
that with the handling of a used firearm, the passage of time, and the resumption of
normal activities following a shooting, GSR deposits from the back of the hand are
frequently redistributed to other areas, including the palms. It is not unusual to find
higher levels on the palms than the backs of the hands of known shooters in actual case
situations. A third criterion developed from observation of swab kits and their usage is
that swabs which appear to be very dirty during microscopic examination often contain
greater levels of Ba and Sb than less well-used or otherwise cleaner swabs. As shown in
the last column of Table 34, of the nine samples, only Nos. 3, 4, and 5 are less than very
heavily soiled. All of these factors must be considered in combination with other case-
related factors, such as the time between the shooting and sample collection, the type
of firearm, and the activity of the subject, before forming an opinion concerning the
presence of GSR based upon high levels of Ba and Sb.

Effects of Other Variations

The data in this study were collected to consider the effects of several variables on the
levels of Ba and Sb on hand blanks. However, the interdependency of the sex, geographic
location, hand size, and hand washing with the occupation and activity makes it difficult
to discern the separate effects of these variables. Nevertheless, the effects of each variable

*FBI Laboratory unpublished data, Washington, DC, 1989.
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were considered independently using distribution-free approaches. These results and the
effects of other variables are discussed in the following sections.

Sex—The levels of Ba and Sb are significantly lower for females than for males when
considering either the low hand blank group or the entire hand blank group. For example,
the median Ba and Sb levels on the backs of all female hands were 0.042 and 0.001 pg,
respectively, and the corresponding male levels were 0.068 and 0.005 wg. This probably
reflects differences in occupation and activity between the women in the study, who were
predominantly housewives, students, and secretaries, and the men, who had a greater
representation of high-exposure occupations and activities, such as machinists, mechanics,
and heavy-equipment operators.

Washing—Subjects who reported washing their hands in the two hours prior to sampling
had lower levels of Ba and Sb on the backs (medians: Ba, 0.041; Sb, 0.002 pg) than
subjects who had not washed their hands (medians: Ba, 0.081; Sb, 0.005 p.g). It has been
reported [7] and is generally accepted that washing of hands removes some portion of
the Ba and Sb contained thereon. We expect this generalization to apply to environmental
exposure as well as to GSR-derived Ba and Sb. Some of the highest Ba and Sb levels
were found on subjects who reported washing their hands. Clearly, the amount of Ba
and Sb remaining after washing hands depends upon how the washing is done. The
measured levels are also affected by the activity between the time of washing and the
time the hand sample was obtained. It is interesting to note that many of the subjects
who reported washing their hands within the two hours prior to sampling produced very
dirty swabs.

Hand Size—The levels of Ba and Sb on the back of the hands increase as the hand
size increases from small to medium to large. The differences are significant for Ba
(medians: small, 0.042; medium, 0.054; and large, 0.064 pg), but within the analytical
uncertainty for Sb (medians: small, 0.002; medium, 0.003; large, 0.005 pg). This may be
a true effect of hand size but is also a reflection, at least in part, of the greater proportion
of females and their lower exposure environments in the small-hand group. In some
instances, very high values were observed for small or medium hands which were par-
ticularly dirty.

Back, Palm, and Optional Area Distributions—For the samples in this study. the palms
had significantly higher values than the backs for both Ba (medians: back, 0.055 ng;
palm, 0.085 pg) and Sb (medians: back, 0.003 pg; palm, 0.006 wg). Optional hand blank
areas have about the same amounts of Ba and Sb as the backs of hands. However, there
are not enough optional area samples to date to make a definitive statement as to their
potential usefulness.

Element Ratios—As discussed previously, the ratio of Ba to Sb on the back of the
hand area of a shooter is normally in the range of 1 to 10 for samples taken immediately
after firing. Of the hand blank samples in this study. 28% of the back of the hand areas
have Ba/Sb ratios between 1 and 10. The other samples cover the entire range from no
detectable Ba to no detectable Sb.

Handedness—There are no significant relationships among the levels of elements found
on the right and left hands of the subjects in this study and their stated hand preference.
The median differences between the backs of the left and right hands is zero for Ba and
Sb for both right- and left-handed subjects.

Geographic Distribution—Effects of the location from which the samples were collected
cannot be discerned in this study because of the differences in persons selected for
sampling by the various collectors. Apparent higher results in some geographic locations,
in comparison with others, occurred because of conscious efforts by collectors to sample
either “‘high-risk™ or ““average” activity persons but generally not both.
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Activity—A wide range of activities are represented in these hand blank data. While
generalizations concerning activity are difficult to make, there is some indication that
activities such as working as an auto mechanic, electrician, or construction worker have
a tendency to result in higher levels of Ba and Sb on the hands. It is significant to note,
however, that most activities in the high hand blank groups also occur in the low-low
group. Thus, automobile maintenance work, for example, does not guarantee the pres-
ence of high levels of Ba or Sb on a person’s hands.

Summary

Samples are collected from the hands of suspected shooters and submitted to the
forensic science laboratory to determine if sufficient evidence is present in the samples
to place the suspect in the environment of gunshot primer residue. A major concern of
the GSR examiner involves his or her ability to distinguish between evidence of gunshot
primer residue and an environmental false positive. Statistical modeling of average hand
blank values to find threshold numbers to use for all cases is neither wise nor statistically
valid because hand blank subjects are not randomly drawn from and representative of
the nonshooting population. Instead of using any statistical model, we suggest a common-
sense approach based upon experience gained in evaluating hand blank and test-firing
swabs. Multiple factors must be considered during the process of forming a critical opinion
regarding the most likely source of high levels of barium and antimony on samples from
a suspect’s hands. The most important of these factors are case information. microscopic
examination data, quantitative analysis data, hand blank data, and firearm test-firing
data.
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