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DEVELOPMENT OF RADIOCARBON DATING METHODS FOR MODERN BONE 
COLLAGENIZATION

K J Kim1,2 • W Hong1 • J H Park1 • H J Woo1 • G Hodgins3 • A J T Jull3 

ABSTRACT. The relationship between temperature and time required for collagenization using modern bone samples was
investigated. Gelatinized samples of bone collagen were filtered to selectively collect different molecular weight fractions.
The results of this study suggest that heating to 70 °C for a duration of 12 hr provides the optimal conditions for gelatinization.

INTRODUCTION

One of the primary objectives of this research was to develop an effective pretreatment method for
the optimization of radiocarbon dating of degraded bone samples. Understanding the characteristics
of bone samples associated with high degradation is important for both archaeological and anthro-
pological studies. Studies often conflict due to the fact that many bone samples are difficult to date.
The main reason is that the existing method for bone pretreatment is not designed for severely
degraded bones. It is known that environmental factors that lead to the degradation of collagens—
including pH, hydrology of the matrix, oxygenation, temperature, and changes brought by soil flora
and fauna (Henderson 1987)—are especially enhanced in underground environments. For example,
samples from caves are associated with a relatively slow process in protein hydrolysis to peptides,
which then break down into amino acids. However, in a burial environment, spontaneous rearrange-
ment of the inorganic crystalline matrix weakens the protein-mineral bone and leaves the bone
susceptible to dissolution by the action of internal and external agents. The changes that would
occur during diagenesis include random cross-linking, humification of parts of the molecule, attach-
ment of exogenous humic materials, and hydrolysis with preferential loss of some amino acids
(Hedges and van Klinken 1992).

In this study, we aim to determine the relationship between temperature and time required for col-
lagenization using modern bone samples. The best gelatinization condition is then applied to
accomplish trial experiments with degraded bone samples using CentriprepTM filters, which allow
us to selectively collect molecular weight fractions.

METHODS

Study with Modern Cow Bone

We pretreated modern cow bone samples at the Korea Institute of Geoscience and Mineral
Resources (KIGAM) by varying time settings and temperature conditions for collagenization. For
this step, we adapted the procedures of 2 accelerator mass spectrometry (AMS) laboratories—
Oxford University (Jacobi et al. 2006) and the University of California, Irvine (Beaumont et al.
2010). In order to characterize the property of collagenization of bone samples, the relationship
between temperature and time of collagenization was investigated using 200 mg of modern cow
bone sample.

Modern cow bone samples were cleaned and ground to powder for acid-base-acid treatment. A
powdered bone sample was added to 40 mL 0.5M HCl solution in a test tube and placed in a water
bath shaker at 20 °C for 30 min at 50 rpm, and subsequently washed to be neutralized. This first acid
treatment removes materials such as carbonates and fulvic acids from the bone samples. In the sec-
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ond step, 40 mL of 0.1M NaOH solution was added to the test tube and placed at 20 °C for 60 min
in the shaker and then the sample was washed to neutral pH. This step removes unwanted humic
acid. In the third step, a second acid treatment, 40 mL of 0.5M HCl, was added to the sample in a
water bath for 30 min; the sample was then washed to a pH of 3.

A number of other AMS laboratories rely on overnight sample preparation for each step with lower
temperature settings of 70 °C for usually well over 12 hr. In our study, we gelatinized modern bone
samples at 65, 70, and 75 °C for durations of 9, 12, or 15 hr to complete the collagenization process
of the degraded bone samples. 

Using a 1.2-µm glass filter, the remaining bone collagen was removed from the solution of each
sample. As a final step, the filtered solution for each sample was separated using Centriprep ultra-
filters with molecular weight fractions of 3, 10, 30, and 50 kD. Each collected collagen sample was
then freeze-dried and weighed. Examples of collagen extracted from the cow bone are shown in Fig-
ure 1.

RESULTS AND DISCUSSION

Time and Temperature for Collagenization Using a Modern Bone Sample

The results of our study show that at 70 °C, the filtered amounts were much lower than those at
65 °C and after only 9 hr. This suggests that the collagenization process is much more completely
accomplished this way than at 65 °C (Figure 2). The 8 collagen samples were separated with 4 Cen-
triprep filters of different molecular sizes of 3, 10, 30, and 50 kD. Most samples had a significant,
large amount of collagen remaining in the filter of 50 kD except the sample that was pretreated at
65 °C for a duration of 15 hr. In the case of the sample treated at 65 °C for a duration of 15 hr for
gelatinization, the largest collagen remained in the filter of a 10-kD molecular cutoff. For most sam-
ples, the total recovered collagen fractions for all but those smaller than 10 kD were about 8.6–
12.4%, for initial samples of 200 mg bone. The C/N ratios of the cleaned raw modern cow bone and
collagen of the modern cow bone were found to be 2.91 and 3.72, respectively. Also, the carbon
content of a modern bone was found to be 18.5% (Kim et al. 2010).

In the case of the sample treated at 75 °C, residue amounts after 9 hr and 12 hr of heating were sig-
nificantly lower than the samples treated at 65 and 70 °C. It has been suggested that treating bones
at higher temperatures for more than 12 hr of heating for gelatinization may break down the collagen
into smaller molecules (Brown et al. 1988; Beaumont et al. 2010).

Figure 1 Photos from this study of a powdered modern cow bone sample (left) and collagen extracted from the modern
cow bone sample (center and right).
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CONCLUSIONS

As a result of these investigations, we determined that heating at 70 °C for a duration of 12 hr pro-
vides the optimal condition for gelatinization and for further experimentation to extract collagen
from various degraded-bone and extracted-collagen samples. We report further on the studies as
applied to archaeological samples in a separate paper in this issue (Kim et al. 2010).
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Figure 2 The amount of residue filtered by a 1.2-µm glass filter is listed with respect to the time duration for
gelatinization. At 70 °C, the residue amount filtered was not changed as time increased. However, this should
be reconfirmed.
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