Developing an Isoscape for Human Provenance: Pilot Study Results on the Effect of
Formaldehyde on Strontium Isotope Values

&
( !\'_nat'é'r'ﬁi'c_al.

WITS Sciences Lawrence Hill?; Craig Adam Keyes?; Stephen Fonseca®; Lucinda Evert®; Kimberly Beaton?; Grant Bybee?; Desiré Brits?;
UNIVERSITY AUniversity of the Witwatersrand, °International Committee of the Red Cross, Pretoria Delegation
o INTRODUCTION o OBJECTIVES o RESULTS
. . . . sl o 57GSr/%6Sr ratios from first molar enamel of
Stable isotopes have shown considerable promise as a tool to aid in human Study Goal 0.724000 | tomated bodv sambles fell outside the
identification through estimating the geographical origin, or provenance, of | 87 ~ 86 . | 0.722000 1 67 8 y P LI
biological material To establish an °'Sr/°°Sr isoscape from human tooth enamel as a reference archive & 0.720000 Sr/~>Sr range of local South Africans
_ S | | _ . . . . 2 0.718000 | * No significant differences were found
e Provenancing of biological materials requires a base-map of the isotope values to estimate provenance in the Gauteng Province of South Africa = 716000 | between Pre vs Post embalmed & Sr/25S
for that region, known as an isoscape 4. S 0914000 | ratios (p=0.931)
® StrOntium, namEIY 87Sr/86SI‘ has shown considerable prOmise N provenance Pilot Study Goals 0.712000 1 e The results of the 6888r values show some
research. 1. To establish the methodology for strontium istot ysis from human teeth 0708000 | — differences between the pre and post
e Strontium isoscapes are typically based on the underlying geology of an area. - 10 eslablish the metnodology Tor strontium IStotope analysis from human teetn, | emalming values
Strontium occurs in rocks and soils but is taken up by plants, animals and using the NuSapprire MC-SF-ICMPS 87' 50§t6h Africans M Donated Body Samples
humans from the environment”. | 2. To determine the effect of formaldehyde on strontium isotope values from donated Fig 7. 7 Sr/”"Sr of local residents and donated bodies —
e [soscapes from human tissues have been developed, but more research is hodies 0.800000 Enamel
required on extant populations and biological materials, especially in Africa. 0.780000 | ) | M
0.760000 |
H I T Bone Ash
e METHODS { 0.740000 __
¥ 0.720000 o
Table 1. Ion exchange protocol for Sr . ® & | :z:x;z;
SE pa rati on 0700000 “ i SRM1400A Bone
0.680000 [ SRM14008 Meal
Step ACid VOI ume 0. 660000 | | | | | | | | @ Enamel Pre-Embalming —
@ Enamel Post-Embalming
< . o O S P “ N
Wash 0.5 M HNO3 4 mL \sz}@\o \sz}((\\o% ¥ \gf”o’& (56\0? \QV% @060& L 2.5 2 1.5 1 0.5 0 0.5 1
& & P S A ;
Condition 3 M HNO, 2.5 mL @ & s 7 0%Sr, %o
- 8/ 86 - . . : 88
Fig 8. ©/Sr/®°Sr ratios of dental enamel for six countries and Fig 9. 67"5Sr values for enamel, bone ash and bone meal. Error
Load Sample 3 M HNO3 1 mL embalmed samples. Error bars are 2SD calculated from bars are 2SD calculated on repeated measures of the same
B . W Matrix Elution 3 M HNO, 2.5 mL repeated measures sample.
Fig 2. Enamel drilling with Fig 3. Leaching and digestion of Sr Elution 0.5 M HNO 16 mL CONGLUSION
Fig 1. First molar extraction 0.8mm tungsten carbide drill bit powder sample | _ | |
The methodology and chemical calibrations show good yields of strontium but
14000000 3V HNOL 0.5 M HNO, 1 250000 further refinement of the methodology would improve internal reliability.
adb > . 5 .
Table 2. 5885r and 87Sr/865r literature 12000000 | A . | 500000 *The results of this study suggest a negligible impact of formaldehyde but more
values compared to the current study's > 10000000 | | 10000 £ research IS needed
'@ ® S : : : .
standard results § 8000000 | % = *The donated body samples strontium ratio match those of individuals from the
= 1 100000 o . . . . .
Standard Reference 6°°St, %o *7Sr/*Sr = 4 X 6000000 | = UK - further investigation confirmed that the place of birth was the UK
SRM1400 Brazier et al., 2019 0.327 0.71308 B sty & Loooooo | ! { 50000 ¢
Zimmermann et al., 2019 -0.32 0.713089 v s /8 ¢ o N, e &5
Current StUdyA -0.39416 0714891 é 0 ® e 0606 06060600 00 0 0 0 0 0 o -50000 ;iﬂ’[‘elink, E.J., Chesson, L.A. (2019). Recent applications of isotope analysis to forensic anthropology. For Sci Res ¢ We thank the Humanitarian and Human nghtS Resource Center
CurrentStudy B -0.47355 0.714766  Fjg 6. Analyses were perforemed using a | > 0 " 20 102, Ve, s /donorg 101011 GoNpIo 2000.08.001 e e appleatons, Jeodhom ErP for supporting our research and the Forensic Technology Center
SRM1486 Brazier et al., 2019 -0.373 O.70931| NuSappire MC-SF-ICPMS in the School of o Matrix e Sr Zﬁ?ﬁ?;%.%ﬁfﬁéﬁa,'Sé‘:&f‘zéiéépi‘tfi'Ziif}?;%Lj;ié’%?diLF?;S?@EEEZ?{QZ”F‘fr?rﬁltif??*éiii‘ﬁvitei’t"bi?{e?é?!tizz' of Exqellenc;e (FTCoE) through thg American Agademy of
Current Study A 0.221423 0.711774 Geosciences at Wits University Flg 4. SrSpeC resin 1on eXChange 5.r%|rr:zlri]:rfy¢-l\t/:.,yeltjzllr.]g(25?3)!u[r)r:etzfrr?irrzztio%aoﬁsgédioézn?cegmi}sess’r and Stable 588/86SrSRMIE7 Isotope Values ¢ Forensic Sciences and the National institute of Justice for the

funding

Thirteen Mineral, Vegetal and Animal Reference Materials by DS-TIMS. Geostandards and Geoanalytical Research
6. Zimmermann, T. et al. (2019). Matrix separation of Sr and Pb for isotopic ratio analysis of Ca-rich samples via a
automated simultaneous separation procedure. Spectrochimica Acta Part B: Atomic Spectroscopy, 151, 54-64

7. Romaniello, S., et al.. (2015). Fully automated chromatographic purification of Sr and Ca for isotopic analysis. J. Ana
At. Spectrom., 30(9), 1906-1912.

Current Study B -0.06891 0.711502 Fig 5. Separation of Sr from matrix, eluted with 0.5HNO-

columns

CONTACT Lawrence.Hill@wits.ac.za




