Variations of C/N ratios, 8°C and "N values in human bone sections
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Prehistrical human bone is used for C dating and isotope palacodietary analysis. Fossil bone tends to be
suffered from exogenous contaminants and diagenetic alteration during burial, especially in tropical and wet
areas, and the state of bone collagen preservation differs with each bone sample. Since bone sections in an
individual have different internal structures, such as density, thickness, amount of spongins and compact
bone, different sections could have various levels of diagenesis. In this study, we investigated whether
collagen extracted from different sections of an individual has variations of C/N ratios, 8>C and 8'°N values
for different sections of an individual, and whether we can estimate its palaeodietary by analyzing one bone
section of a whole individual.

The samples used are eleven bone sections (cranium, sphenoid, tooth, rib, humerus, radius or ulna, the
lower femur, the central femur, tibia and two back-bones) in an individual, nine sections in another, and
seven sections in the other, collected from the Yuigahama-minami archealogical site, Kamakura, Japan. The
surface of fossil samples were shaved and ultrasonicated repeatedly in distilled water, followed by HCI and
NaOH treatments; then samples were lyophilized and pulverized. The powdered bone sample was treated
with 0.6M-HCl in a cellulose tube in a beaker over 20h at 4°C. The decalcified bone sample was treated by
0.6M-NaOH followed by 1.2M-HCI and 0.6M-HCI. Gelatin was extracted from acid/alkali-insoluble residue
by heating in distilled water for 12h at 80-90°C. Combusted gelatin was refined into N, and CO,. These
gases were used for carbon and nitrogen isotopic measurement by using an isotope ratio mass spectrometer
(Finnigan, MAT252). Gelatin was wrapped into a Sn cup and measured for C/N ratios by using an elemental
analyzer (Euro Vector, EuroEA3000). To estimate sample preparation-induced variation, seven gelatins were
extracted from a bone section, and each measured for C/N ratios, 8°C and 8"°N values. The deviations of
8"°C and 8"°N values for seven gelatins are +0.1%o and =+0.2%o, respectively.

Most bone sections have gelatin yield of more than 0.7 wt%, and carbon yield of the combusted gelatin
between 42 and 46 wt%. Bone with more than 0.7 wt% gelatin is generally well preserved, and collagens
with around 40 wt% C are intact. The bone samples in this study, therefore, are well preserved and regarded
as suitable for analysis. The C/N ratios of gelatins varied from 3.1 to 3.4 with different sections in an
individual. The values show quality of the gelatin extractions because the good collagens have C/N ratios
between 2.9 and 3.6. The 8"°C values of gelatins have variations of about 1%o, between -19.3 and -18.2%o,
for different bone sections in an individual. The other two individuals have variations between -19.3 and
-18.4%o, and -18.3 and -17.7%o. The 8"°N values have variations of about 1.5%0 (12.6~14.0%o, 12.4~13.1%o
and 12.6~14.1%o, respectively) for different sections of each individual. There is a positive correlation
between 8"°C and 8"°N values. The back-bones tend to have highest values, and the rib and tooth have a little

higher values than the others.
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Gelatin yield Carbon yield

C/N

sample Bone section (wi%%) (Wt%) (atomic ratio) 8" Cppp (%0) 8" Ny (%0)
YM121A-1  shenoid 1.8 44.1 3.3 -19.0 13.1
YM121A-2d third molar 4.6 45.5 3.2 -19.3 13.4
YM121A-3 r1ib 1.2 44.0 3.3 -18.7 12.8
YM121A-4  lower part of femur 0.9 43.8 3.3 -19.2 -
YM121A-5  humerus 0.7 43.2 3.3 -19.1 12.6
YM121A-6  radius or ulna 0.6 437 34 -19.0 13.0
YM121A-7  central part of femur 0.8 44.1 33 -18.9 13.0
YM121A-8 tibia 0.7 43.3 34 -18.8 13.2
YM121A-9  upper part of spine 1.4 42.7 3.3 -18.3 14.0
YM121A-10 lower part of spine 0.5 42.9 31 -18.2 13.6
YMI121A-11 ecranium 1.0 43.4 33 -190 12.9
average 1.3 43.7 3.3 -18.9 13.2
YMS5654-1 shenoid 2.0 43.6 3.2 — —
YM5654-2d  central incisor 2.3 43.7 3.2 - —
YM5654-3  rib 7.1 43.6 3.2 -18.9 124
YM5654-4 lower part of femur 11.0 44.7 3.2 -18.4 12.8
YM5654-7  central part of femur 10.6 43.7 3.2 -18.4 13.1
YM5654-9 central part of spine 7.0 45.0 3.2 -19.0 13.0
_YM5654-10 _lowerpartofspine 5.6 _______: sl .32 189 12.9
average 6.5 44.2 3.2 -18.7 12.8
YMS5001-2d  canine tooth 5.7 46.7 3.2 -18.3 13.6
YM5001-3  rib 6.1 43.8 3.2 -18.3 13.5
YM5001-4 lower part of femur 55 43.9 3.2 -18.5 12.7
YM5001-5  humerus 4.7 43.3 3.2 -18.6 13.1
YM5001-6  radius or ulna 8.8 44.2 3.2 -18.6 12.7
YM5001-7 central part of femur 6.3 44 .4 3.2 -18.7 12.8
YM5001-8  tibia 6.1 43.8 3.2 -18.5 12.6
YMS5001-9 central part of spine 4.7 43.5 3.2 -17.8 13.9
YM5001-10  lower part of spine 7.8 43.7 32 -17.7 14.1
average 6.2 44.1 3.2 -18.3 13.2
YM121A7-1 central part of femur 2.5 45.1 33 -19.1 12.7
YM121A7-2 central part of femur 2.0 45.5 33 -19.1 12.4
YM121A7-3 central part of femur 2.9 45.4 3.2 -19.3 12.7
YM121A7-4 central part of femur 1.8 45.7 3.3 -19.0 12.7
YM121A7-5 central part of femur 2.5 45.7 33 -19.2 12.8
_YMI21AT-6 _central partof femur 22 L A3 .33 e 130
average 2.3 45.5 3.3 -19.1 12.7
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Table. 1. Gelatin and carbon yields, C/N atomic ratios and 6"°C and 8" N values of extracted gelatins.
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Fig. 3. Variations of 8C and 8"°N values of the same sections in an individual. Solid
diamonds show isotopic data of gelatin and have error bar with internal error. The dotted
line shows the average value and the gray area means the external error which is estimated
with the six samples of same section in an individual.
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Fig. 4~6. Carbon and nitrogen isotopic ratios of extracted gelatin for different bone sections in
an individual and svmbol kev in Figs. 4~6.
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2002).

Fig.7. Reconstruction of 8"C and 8N in protein intake of the Yuigahama-minami population. Square
shows YM121A and triangle shows YMS5001, regardless of bone sections. The ovals are showing the
typical distribution of the native food resources collected in the Japanese archipelago and the North Pacific
(Yoneda et al., 2002).
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