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1. The isotopic composition of hair can be used to increase the 
evidentiary value of hair recovered as trace evidence

2. The isotopic composition of hair can be used to differentiate 
between individuals of different ethnicities since they tend to have 
different diets.

• Hair samples were obtained from a total of 8 male subjects of 4 
ethnicities: Black, Asian, Hispanic, and White

• 2 randomized subsamples from each subject were prepared for 
analysis

• Samples were washed in a methanol and chloroform solution  2:1 
to remove residue from shampoo and hair products. (See 
O’Connell & Hedges, 2010, for details of procedure.)

• Samples were analyzed using an elemental analyzer and 
continuous flow isotope ratio mass spectrometer (EA/IRMS). 

• Data was collected and organized in Excel, and statistical analyses 
were conducted in PaST3.

Using δ13C and δ15N Stable Isotopes To Identify Suspects By Race/Ethnicity
Anton Haughton and Lindley Hanson, Renee Veresh Department of Geological Sciences, Salem State University

Hair recovered from crime scenes and victims is often used as trace 
evidence potentially linking suspects to crimes. However, analysis is 
often based on the color and texture of the hair, which is typically 
inconclusive because of the class nature of the evidence.  This study 
explores the use of isotopic analysis to increase the evidentiary value 
of  hair.

The δ13C  and δ15N values for hair is dependent largely on diet. For 
example, plants that undergo different types of photosynthesis have 
distinctly different δ13C values, and this difference can be retained 
once these plants are consumed, and the carbon is incorporated into 
the body. The two main photosynthetic pathways are C3 and C4, 
which fix carbon dioxide in different ways. Plants like wheat, rice, and 
beets use the C3 photosynthetic pathway, while plants like corn, 
sorghum, and sugar cane use the C4 pathway.

The isotope Nitrogen-15, measured as δ15N ,  is determine by 
whether a person eats meat and the trophic level of the organisms 
eaten. Therefore, analysis of N-15  indicates whether an individual’s 
diet is likely to be more plant- or meat-based. 

• A questionaire of each subject's diet would have aided in the final interpretation. Diet rather than race most likely explains the varations observed in the data. For example, a diet 
high in fish would result in higher δ15N values than a diet high in beef.

• Variance within sample replicates could be due to a change in diet over time (See Guzman, 2022)
• The dispersion of results shown in Figure 1 may be due to either a lack in precision or a change of an individual's diet over time. 
• Precision of the analyses should be determined by running equivalent subsamples multiple times
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Tukey's range test for δ15N between 
subjects– Qcrit = 4.94

Subject Q p Different 
from:

1
8.81 3.55E-03 4
7.35 1.10E-02 5
5.88 3.89E-02 6

2

12.08 4.07E-04 4
10.62 1.01E-03 5
9.15 2.77E-03 6
6.36 2.55E-02 7

3
7.86 7.35E-03 4
6.40 2.46E-02 5

4
5.72 4.48E-02 7

12.67 2.89E-04 8
5 11.21 6.89E-04 8
6 9.74 1.82E-03 8
7 6.95 1.54E-02 8

Tukey's range test for δ13C between 
subjects – Qcrit = 4.94

Subject Q p Different 
from:

1 7.69 8.38E-03 2

2

9.72 1.85E-03 3

7.48 9.99E-03 4

9.69 1.89E-03 5

5.64 4.82E-02 7

8

13.46 1.86E-04 1

5.77 4.29E-02 2

15.48 6.60E-05 3

13.24 2.10E-04 4

15.45 6.69E-05 5

10.66 9.84E-04 6

11.40 6.12E-04 7

ANOVA for δ15N 
between ethnicities –

Fcrit = 3.06
F 5.83
p 0.01

ANOVA for δ13C 
between ethnicities –

Fcrit = 3.06
F 1.73
p 0.21

Tukey's range test for δ15N 
between Asian and Black 

subjects– Qcrit = 4.08
Q 5.70
p 0.01

Conclusion
• Hypothesis 1: The δ13C and δ15N are significantly different between some, but not all individuals. (Refer to Tables 1 and 2.)

• Hypothesis 2: There is a significant difference of δ15N between Black and Asian men (Figure 1), which is most likely due to the variations in diet

Figure 1: δ13C plotted 
against the δ15N for 
each individual with 
95% ellipses around 
the plotted data for 
each ethnicity. Note the 
lack of overlap between 
the Black and Asian 
individuals.

Figure 2. Average δ13C  and δ15N isotopic values for each individual. Food 
value of the grey ellipse and inset are relating the nitrogen and carbon 
isotopic composition to typical foods to diet (Kendal, 2006). Those who have 
a c3 plant rich diet (corn dominated) plot closer to the right. Whereas those 
who have a c4 plant rich diet would plot closer to the left.

Table 1. Tukey’s test showing significant differences (where Q>Qcrit) of  δ13C (left) 
and δ15N (right) between individuals.

Table 2. Anova test showing significant differences (where F>Fcrit) of  δ13C and δ15N 
between ethnicities.  There is a significant δ15N difference between the black and Asian 
men, which could be the related to differences in diet.
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