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ABSTRACT. The identification of human bodies in situations when there are no clues as to
the person’s identity from circumstantial data, poses a difficult problem to investigators. The
determination of age and sex of the body can be crucial in order to limit the search to
individuals that are a possible match. We analyzed the proportion of bomb pulse derived
carbon-14 (**C) incorporated in the enamel of teeth from individuals from different
geographical locations. The ‘bomb pulse’ refers to a significant increase in '*C levels in the
atmosphere caused by above ground test detonations of nuclear weapons during the cold war
(1955-1963). By comparing '*C levels in enamel with '*C atmospheric levels systematically
recorded over time, high precision birth dating of modern biological material is possible.
Above ground nuclear bomb testing was largely restricted to a couple of locations in the
northern hemisphere, producing differences in atmospheric '*C levels at various geographical
regions, particularly in the early phase. Therefore, we examined the precision of '*C birth
dating of enamel as a function of time of formation and geographical location. We also
investigated the use of the stable isotope "*C as an indicator of geographical origin of an
individual. Dental enamel was isolated from 95 teeth extracted from 84 individuals to study
the precision of the '*C method along the bomb spike. For teeth formed before 1955 (N =
17), all but one tooth showed negative A'*C values. Analysis of enamel from teeth formed
during the rising part of the bomb-spike (1955-1963, N = 12) and after the peak (>1963, N =
66) resulted in an average absolute date of birth estimation error of 1.9 +1.4 and 1.3 + 1.0
years, respectively. Geographical location of an individual had no adverse effect on the
precision of year of birth estimation using radiocarbon dating. In 46 teeth, measurement of
13C was also performed. Scandinavian teeth showed a substantially greater depression in
average 5 C (-14.8) than teeth from subjects raised in Japan (-13.5), Middle East and North
Africa (-12.7) and South America (-10.9). In summary, isotopic analysis of carbon in enamel
from a single tooth can give a good estimate of the year of birth of an individual and also
provide information about the geographical origin of the individual. This strategy can assist
police and forensic authorities when attempting to solve unidentified homicide cases and may

facilitate the identification work associated with mass disasters.



Introduction

Estimation of the age at death of deceased individuals, whose decomposed, mutilated or
burned remains make identification impossible, represents an important task for forensic
pathologists, anthropologists, and forensic odontologists. If no clues are at hand regarding
the deceased’s identity, the age and the sex of the victim constitute important information
that can limit the search for possible matches amongst a large number of alternatives.
Whereas the gender usually can be determined by morphological methods or by DNA
analysis of the remains, most methods for age determination suffer from poor estimate
precision. A number of different methods for estimating the age of deceased persons have
been published, most of them based on examination of teeth and bones. Analyses based on
morphological methods typically provide age estimation errors in adults of = 10 years (for

review see [1; 2]).

Since teeth are highly resistant to decomposition, chemical degradation and heat, they
constitute a particularly valuable material for forensic analysis. The observation of a gradual
conversion of L-aspartic acid to its D-form in teeth led to the development of aspartic acid
racemization analysis as a tool for age estimation, first described by Helfman and Bada 1975
[3]. Today, this method has become widely used and has been reported to provide a precision
of age at death of less than + 5.0 years in adults, depending on which kind of tooth is
analyzed (for review, see [2; 4]). However, since this method is temperature dependent, it
cannot be used in cases exposed to extreme temperatures, such as the analysis of teeth from
fire victims. In addition at least 4 teeth of the same type, from the same geographical location
should be run in parallel with the test tooth, to ensure accurate age estimation [5]. Lastly, one
should also keep in mind that teeth from persons residing near or at the surface of a hot

climate such as a dessert can experience accelerated conversion and appear erroneously aged.

Recently, a method to predict year of birth by accelerator mass spectrometry (AMS) analysis
of radiocarbon (**C) in dental enamel was developed, showing an average absolute error of
1.6 £ 1.3 years [6]. Similar results were found in a subsequent study by different authors [7].

When applied on teeth collected from subjects raised in Sweden, the average absolute error



of the method could be reduced to 1.3 & 1.0 years [8]. This strategy is based on the
incorporation of bomb pulse derived '*C into enamel during tooth formation. The term ‘bomb
pulse’ refers to the drastic increase in atmospheric and biospheric levels of '*C caused by
extensive above ground test detonations of nuclear weapons during the period of the cold war
(1955-1963) [9; 10; 11; 12]. After the Limited Test Ban Treaty was signed in 1963,
atmospheric '*C levels began to decrease exponentially. By comparing '*C levels in tooth
enamel with reference data on atmospheric '“C levels, an estimation of the year of birth of a
particular tooth can be obtained. Using reference information about tooth formation times

[13; 14], the year of birth of the individual can be calculated.

Newly produced atmospheric '*C reacts with oxygen to form '“CO,, which is incorporated
into plants by photosynthesis. By eating plants, and animals that live off plants, the '*C
concentration in the human body closely parallels that in the atmosphere at any given point in
time [6; 15]. Radiocarbon levels in the atmosphere have remained almost constant for several
thousands of years before the bomb pulse [16]. Above-ground nuclear bomb testing resulted
in an increase of "*C into the troposphere, which subsequently entered the atmosphere and
dispersed equally around the globe. Nuclear bomb testing was largely restricted to a couple
of locations in the northern hemisphere and as such '*C levels in the atmosphere differ
somewhat as a function of geographical latitude and time since bomb-testing [10]. As a
result, a delay in the distribution to the southern hemisphere was observed [10]. This raises a
concern regarding the feasibility of the radiocarbon method to estimate year of birth when
teeth from other parts of the world other than Northern Europe (where the method was
developed and tested, [6; 8]) are concerned. It was therefore the aim of this study to analyze
teeth collected from individuals born and raised in different geographical regions to explore

the precision of the method across different geographies.

In addition to radiocarbon dating of enamel, we also investigated the use of measuring >C
levels in tooth enamel as a predictor of the geographical origin of an individual. °C is a
stable isotope that constitutes about 1.1 % of all carbon. Plants, to a variable degree, can

discriminate between *C and "°C, resulting in differences in the levels of this isotope
g Y



between different types of plants. Differences in the fixation of CO, during photosynthesis
distinguish the more common C3 plants from C4 plants. C4-plants have a double fixation
step for CO; and their photosynthetic pathway is located deeper in the leaves. Isotope
fractionation in C4 plants is primarily limited by diffusion [17; 18]. This is in contrast to C3
plants which can better discriminate between these isotopes and reduce the binding of "*C
and more readily make °C diffuse out of through the stomatal pores to the ambient air [18].
As a result, C4 plants (which include corn and sugar cane) contain higher amounts of °C
than C3 plants (which include potato, sugar beet, and wheat) [19]. In general, C4 plants tend
to grow in hotter or drier climates than C3 plants whose open stomata lose too much water to
thrive. This in turn means that animals, including humans, having a diet based mainly of C4
plants, or animals feeding on such plants, will incorporate more "°C than those that have C3
plant based diets. Recently, analysis of '>C (along with other stable isotopes) was applied on
hair samples from subjects of different geographical origin and large differences between
certain populations were observed [20]. Thus, the second aim of this study was to see if °C
levels in tooth enamel can provide additional information about the geographical origin of an

individual.

Material and Methods

In total 95 teeth from 84 individuals of known date of birth were analyzed. Teeth were
collected by dentists with the following patient information recorded: date of birth (year and
month), sex, tooth extraction date, type of tooth and, when possible, country of birth and
where the first 15 years of life were spent. For determination of the methodological error of
'C measurements as a function of time, teeth with enamel formation occurring before the
bomb pulse, during the rising, and during the falling part of the bomb pulse were analyzed.
To examine the possible influence of geographical variation on the incorporation of '*C into
dental enamel during tooth formation, teeth collected from different geographical regions
were selected. A such, teeth from individuals raised in different continents were studied.
Subjects were raised in eight countries and represented four continents including both
northern and southern hemispheres. Most of the teeth were pre-molars and molars. A few

teeth showed carious lesions and some teeth had plastic or mercury alloy fillings. These teeth



were also used, since the fillings detached and/or were dissolved during the alkaline
incubation and hence did not interfere with the macroscopic isolation of the enamel. In
addition, 35 teeth from 35 individuals treated by Swedish dentists, but where the
geographical origin was not recorded, were also included for comparison. Finally, to study
the impact of the °C levels on the '*C determinations, and to evaluate the possibility of
predicting the origin of subjects, 46 teeth from 39 individuals where both isotopes could be

determined simultaneously, were analyzed.

All teeth were extracted by dentists, typically for orthodontic purpose, or in some cases
because of a periodontal condition. Patients were asked for consent to save and use these
teeth for research analysis instead of discarding them. Teeth were collected, labelled with the
tooth number, year and month of birth, sex, and year and month of tooth extraction. No
patient information was passed on from dentist to researcher. Ethical permission was
obtained by the Regional Ethical Committee, Stockholm (Dnr 2010/314-31/3). Teeth
showing A'*C values below -15 did not allow for birth dating, other than they were

considered to have been formed before the bomb pulse.

For our calculations, we used reference information about enamel lay-down provided by
Nolla [14] and validated in [8]. Nine maturation stages are described by Nolla [14] and we
used the middle stage to approximate the time of lay-down for each type of tooth. In all cases
studied, except one, the sex of the person was known and the different enamel lay-down
times for males and females used accordingly. For the single case lacking information about

sex, the average value for male and female was used.

Preparation for radiocarbon analysis

Enamel preparation: The tooth crown was cut away from the root at the level of the cervical
line and incubated in 10 N NaOH at room temperature in a water-bath sonicator (Branson
150). Every 24 hrs NaOH was replaced and the non-enamel structures removed mechanically

using an odontologic electric drill. Purified enamel was then washed three times with



DDH;O0, re-submersed in 10 N NaOH and placed again into the sonicator water bath. This
procedure was repeated every day for 3-5 days (until all dentin and soft structures were
stripped from the enamel). The enamel was then rinsed several times in DDH,O and dried at

room temperature overnight. Finally, the enamel was kept in a glass tube until pre-treated for

AMS analysis.

AMS pre-treatment: Aliquots of the enamel samples were placed in culture tubes for pre-
treatment to remove the surface carbon that may have coated the enamel between formation
and analysis. Since the carbon content of enamel is 0.4-0.6 %, 80-150 mg aliquots were
typically used to get full sized samples containing 0.4-0.9 mg C for '*C analysis. Enamel
samples were immersed in 1.0N HCl at room temperature for 1.5 hrs, rinsed 3 times with
DDH,O0 and placed on a heating block at 95°C under a lose aluminum foil tent to dry
overnight. Powdered samples react vigorously in 1.0 N HCI and were immersed for only a
minute or two, rinsed 5 times with DDH,0 and placed on a heating block at 95°C under a
lose aluminum foil tent to dry overnight. The acid pre-treatment was designed to remove the
outer surface of the enamel that was exposed to the harsh alkali environment during dentin
removal without dissolving too much of the enamel. Base always contains some carbonate
that can potentially exchange with the enamel during the preparation step. Furthermore,
alkali solutions remove CO; from the atmosphere and produce carbonate and bicarbonate in
solution that can precipitate or exchange with that in the enamel. Each dried enamel sample
was broken into 5-10 pieces and placed in an individual single-use reactor and again weighed
to the nearest 0.1 mg. The HCI etching procedure dissolves a couple milligrams of exterior
enamel surface in a 100 mg enamel sample. The enamel samples placed in individual
reaction chambers were evacuated, heated and acidified with concentrated orthophosphoric
acid at 90°C. The evolved CO, was purified, trapped, and reduced to graphite in the presence
of iron catalyst in individual reactors [21; 22]. With the enamel aliquots used, nearly all CO,
samples were > 500 pg C. The CO, was then split and §'"°C measured by stable isotope ratio

mass spectrometry (Supplemental Table 1). Background values were controlled by



consistently following procedures, frequently baking sample tubes, periodically cleaning rigs,

and maintaining a clean lab [23].

Accelerator mass spectrometry analysis

Graphite targets were measured using the 10-MV HVEE FN-class tandem electrostatic AMS
system at the Center for Accelerator Mass Spectrometry at Lawrence Livermore National
Laboratory (LLNL). The operation is similar to that when performing high-precision
measurements of 18,000 year old turbidities used as secondary standards [24]. The system
employs a LLNL designed high-output negative ion solid graphite Cs-sputter source [25]
which emits 250-350 g of '*C- from a full-sized sample, corresponding to approx. 900 *C
counts per second from a contemporary sample. The FN AMS system routinely achieves 15
% total system efficiency for C analyzing '*C*" in the detector [26]. Details on the design of
the LLNL AMS system and its operation can be found in the literature [24; 25; 26; 27].
Enamel samples are usually full sized and contemporary, so analysis times are relatively
rapid, generally less than 5 minutes. The enamel samples are measured for 30,000 '“C counts

per cycle for 4-7 cycle repetitions and achieve standard deviations of 0.3-0.8 %.

Corrections for background contamination introduced during AMS sample preparation are
made by establishing the contributions from contemporary and fossil carbon, following the
procedures of [28]. All data are normalized using six identically prepared NIST SRM 4990B
(Oxalic Acid I) primary standards. NIST SRM 4990C (Oxalic Acid IT), IAEA-C6 [29], and
TIRI [30] wood are used as secondary standards and quality controls to monitor
spectrometer performance. The ratio of NIST SRM 4990C to NIST SRM 4990B (Oxalic
Acid II/Oxalic Acid I) measured between February 2005 and July 2009 on 22 different
sample wheels containing enamel samples had an average value of 1.291 £+ 0.002 (1 SD), in
agreement with the certified value of 1.293 + 0.001. '*C-free calcite serves as background
material for processing the enamel samples. The enamel samples are organized in groups of
10-14 unknowns bracketed by primary standards with one primary standard in the middle of

the group. The secondary standards, primary standards and group of unknowns are measured



consecutively as a cycle. Upon completion of a cycle the set of primary standards, secondary
standards and unknown samples are measured again until desired precision is achieved. A
typical group of 14 enamel samples is measured completely in 2-3 h. The measurement error
is determined for each sample and generally ranges between = 0.2 - 0.8 % (1 SD). All '*C
data are reported using the F'*C fraction modern nomenclature developed for post-bomb data
[31]. F'*C is a concentration unit (**C/C) denoting enrichment or depletion of 1 relative to
oxalic acid standard normalized for isotope fractionation. Data are also reported as decay
corrected A'*C following the nomenclature of [32]. A'*C was calculated using the equation:
AMC =1000 * {F"*C * exp[A*(1950 - y)] -1}

where A = 1/8267 yr'' and y = year of measurement after 1950 A.D.

Determining year of birth from "*C data

The average age at which the enamel of each specific tooth is formed has been determined
previously and is dependent on the tooth number and gender of the person [13; 14]. In one
case, the sex had not been recorded by the dentist, so the average time for enamel formation
for males and females for this type of tooth was used. The '*C concentration measured in the
tooth enamel is plotted onto a curve of atmospheric '“C against time to determine the year of
enamel synthesis and date of birth of the individual. The time (in years) taken for the enamel
to form is subtracted from the year obtained to give an estimated date of birth (Figure 1,
Supplemental Table 1). Calibrated ages were obtained by using the CALIbomb Levin dataset
[33], where the smoothing in years was set at 1.0 and the 2 Sigma error used. The Levin
dataset constitutes a compilation of measurements of atmospheric '“C levels at different
geographical locations. To assess the universal feasibility of the Levin dataset, estimates
were also calculated using zone-specific CALIbomb reference data. However, for '*C tooth
enamel values that fell between 1955 and 1960, the CALIbomb program was not used. In
CALIbomb these values are predicted using a straight line from pre-bomb values to 1960.
For these age ranges values based on a compilation of multiple data sets were used instead

[10].



If it is not obvious whether an individual is born before or after the peak of the bomb tests,
then two teeth with different enamel lay-down times can be analyzed — this distinguishes
whether the '*C measurement relates to the rising or falling part of the curve [6]. Additional
studies by Cook et al. [7], also show that radiocarbon analysis on the collagen component of
the tooth root (combined dentin and cementum) also allows one to determine whether an
individual is born on the rising or falling part of the bomb-curve. Since determining which
side of the bomb-peak a person’s age falls on has been demonstrated previously, we do not
include the analysis of two teeth for this purpose here, but have rather chosen the age range

appropriate to the known date of birth of the individual.

Statistical analysis

Regression analysis was used to explore the correlation between estimated and true date of
birth in different settings. The difference between different geographical groups regarding
'C and "°C, respectively, was tested with Mann-Whitney U-test. A p-value < 0.05 was
considered statistically significant. For all statistical analyses, Statistica 9.1 (Stat Soft Inc.,

Tulsa, OK) was used.

Results

Supplemental Table 1 shows the details of all cases. The same subjects were used for
different assessments. Tables 1-3 display the actual and estimated DOB of the individual
teeth for three groups, group 1: cases where the tooth enamel was laid down before the bomb
pulse, group 2: tooth enamel laid down between 1955 and 1963 (the rising part of the bomb-
spike) and group 3: tooth enamel laid down after 1963. In cases where the enamel was
formed before the bomb pulse (Table 1, n=17), negative A'*C values were found in all cases,
except one (J10). Contamination may have caused this elevated '*C concentration (see
Discussion). Teeth formed between 1955 and 1963 (Table 2, n=12) showed an absolute error
from the true formation time of 1.9 + 1.4 years (mean; SD). A good correlation was found

between the estimated and the actual time of formation (R* = 0.751; Figure 2a). Three teeth



did not show positive A'*C values (OC33, OC53 and OC56); however the calculated time of
formation for these teeth was close to the onset of the bomb-pulse (1955). Figure 2a includes
one of these cases (OC56), demonstrating that even a negative A'*C value (down to -15) can
be plotted. Table 3 contains the data for the teeth formed after 1963 (n = 66) where the
absolute error from the true formation time is 1.3 + 1.0 years. All of these teeth contained
bomb pulse derived radiocarbon and showed an excellent correlation with the actual time of
enamel formation (R* = 0.989; Figure 2b). A comparison between the actual and estimated

DOB for different F'*C values is shown in Figure 3.

Table 4 and Supplemental Tables 2a-d display the precision in the radiocarbon dating of teeth
formed at different geographical regions. In total 95 teeth from 84 subjects were used for
comparison and grouped according to geographical regions: Sweden; Japan + Middle East;
and South America. Teeth from Japan and the Middle East were grouped together, since their
numbers were limited and according to Calibomb Classification [33], both regions belong to
Northern hemisphere zone 2. Table 4 summarizes the precision for these groups and details,
including a comparison between results obtained using zone-specific reference values and
Levin’s dataset, are given in Supplemental Tables 2a-d. No significant difference in either
the average factual deviation of the estimation, or the average absolute error was seen
between the different geographical groups. The geographically different "°C values did not

introduce any error.

In 40 of the teeth from subjects raised in different geographical regions, the amount of
enamel also allowed for determination of "*C levels. There was an obvious difference in
these levels between subjects of different origins. The lowest depression of °C was seen in
teeth from Sweden (-14.7 = 0.4), followed by teeth from Japan (-13.5 = 1.2), Middle East (-
13.7 = 0.6) and South America (-10.9 = 0.6). The differences between these groups were
significant (p < 0.01), except between teeth obtained from Japan and Middle East. Table 5

provides details of these results and from this table it can be appreciated that there was no



overlap at all between teeth from Sweden and South America regarding the >C

concentration.

Discussion

The increasing accessibility to various personal registers in many countries makes the date of
birth of an individual even more important than the actual age at death, when it comes to
identifying unknown victims. As opposed to the radiocarbon method to detect bomb pulse
derived '“C, other methods of age determination of deceased subjects provide information
about the age at death rather than the year of birth. By combining the radiocarbon
methodology with other methods, such as the aspartic acid racemization analysis, we have

recently shown that both the year of birth and year of death can be estimated in obscure cases

[8].

Our previous studies have been based on teeth collected by Swedish dentists, where in most
cases it was known that the subjects were born and raised in Sweden. Since the initial
distribution of bomb pulse derived radiocarbon around the world was somewhat uneven, we
wanted to examine the global applicability of this birthdating method by analysis of teeth
collected from different geographical locations. We show here that the geographical
influence on '“C incorporation during enamel formation does not adversely affect age-
estimation precision. Swedish teeth did show a better precision than teeth from other
geographical locations; however this population was younger and as shown by the ranging
study (Tables 2 and 3 and Figure 2), it can be concluded that teeth formed during the falling

part of the curve had a better DOB prediction precision than older teeth.

From 1959 and onwards, multiple atmospheric '“C reference data are available, grouped
according to geographical latitude [10; 11; 33]. While it seems justified to use the reference
values provided for the appropriate zone, we show that the Levin data set can give as
accurate results as the zone-specific data (Table 4 and Supplemental Tables 2a-d). In

particular, this is evident in Supplemental Table 2d, where the birth date is certified, whereas



the origin is unknown (although the majority of subjects were most likely raised in
Scandinavia). This is particularly encouraging, since for many unidentified dead bodies, the
exact geographical origin is unknown. Having stated that, it should be noted that we have
only examined a limited number of teeth from the Southern Hemisphere and since '*C
changes lagged there until 1968, it is wise to use Southern hemisphere reference data for

subjects raised there prior to 1968.

The precision of '*C analysis per se is dependent on an accurate handling and careful
procedures from procurement to instrumentation, since contamination at any step in the
protocol may cause dramatically different radiocarbon readings and hence severely
compromise correct interpretation of the results. When applying the expedited procedure for
analysis using cryo-crushing of teeth, we showed that this theoretical problem is typically not
relevant in practice [8], although we did obtain a divergent result in one case that might have
been due to contamination of recent carbon remnants in an insufficiently cleaned crushing
tube. In the present study, we also obtained a higher radiocarbon value than expected in one
case (Table 1, tooth J10). Another tooth (J9) from the same subject showed a pre-bomb
concentration and we have not been able to identify the source of contamination of this tooth,
which was collected in Japan. The subject was born in 1917 and as such, possible exposure to
locally increased '*C levels due to the two Second World War detonations in Japan is
unlikely, since these detonations occurred long after the teeth were formed. Rather, the
recorded "*C value (A'*C 47.7; F'*C 1.0549) indicates that contamination comes from a

contemporary source, most likely introduced during sample processing and handling.

From Figure 3 it is evident that F'*C values below 1.1000 show a lower precision than higher
values. If such values are considered to match formation on the rising part of the bomb-
curve, caution is warranted. In our series, we obtained negative A™C for three teeth that were
supposed to have been formed after 1955, two of them even lower than -15 (cases OC33 and
OC53). However, their actual formation time was close to the onset of the bomb pulse and

during this initial phase, the atmospheric radiocarbon was unevenly distributed. In addition,



these two individuals belonged to the group “Scandinavians”, where the origin was not
recorded, so there is the possibility that they might have been raised in the Southern
Hemisphere, where the bomb pulse started later. On the other hand, no pitfalls were
encountered with F'*C values above 1.1000. Indeed, such values (N = 72, including cases on
the rising part of the curve and regardless of geographical origin) showed an absolute average

error of 1.4 = 1.1 years.

13C analysis of tooth enamel was performed to predict the origin of the subjects. The
differences were obvious between geographical locations, e.g. Swedish and South American
subjects (Table 5). Thus enamel °C concentration can provide clues as to the geographical
region where the subject was raised, and this information may prove valuable for
identification work. Recently, analysis of °C (along with other stable isotopes) was applied
on hair samples from subjects from different geographical origins and indeed substantial
differences in "°C concentrations between various populations were observed [20]. It is likely
that a number of subjects from different geographical regions will adapt to a variable extent
to the food culture in the country they reside. This means that e.g. a European citizen settling
in the United States may build up "°C levels in the body more typical of other Americans
rather than Europeans and that hair analysis for °C will therefore reflect the food culture
where the subject has been staying most recently. Even though a more widespread intake of
“fast foods” may, over time, decrease the differences between various populations, the fact
that recently performed hair analysis still shows geographical differences [20] implies that
analysis of tooth enamel will be useful for significant time to come. It can also be concluded
that the golden days of '*C analysis are yet to come, since a large part of missing subjects in
the near future will be expected to have teeth exposed to the bomb curve and hence, that

birthdating using this methodology will be valuable during the coming decades.

In conclusion, combined analysis of °C and '"C of tooth enamel can provide useful

information for police and forensic identification work, whether it concerns mass disasters,



suspected homicide cases, or any case where the identification of the deceased subject is

critical.
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Legends to figures

Figure 1. Schematic illustration of the principle for the birthdating of teeth using analysis of
bomb pulse derived '*C. The red dot represents a tooth with a radiocarbon value matching the
rising part of the curve at 1961. The angled arrow represents the time of enamel lay down for
this particular tooth and ends at the broken vertical line (**C calculated DOB) adjacent to the
actual DOB of the person. The green diamonds represent two different teeth (with different
laydown times) from the same person, giving different '*C values, allowing for identification

of which part of the bomb-curve a person was born.

Figure 2. a) Radiocarbon analysis of teeth formed during the rising part of the bomb curve
show a good correlation with actual formation time (R*=0.751). Note that the data represent
the DOB of the person and not the date of enamel formation, with several subjects born
before the bomb-spike. Raw data can be found in Table 2 and in Supplemental Table 1. The
two cases showing A'*C values below -15 are excluded (see Discussion). b) An excellent
correlation was found between estimated and actual DOB regarding teeth formed after 1963

(R” = 0.989). The data match Table 3 and raw data can be found in Supplemental Table 1.



Figure 3. Distribution of F'*C values across the time curve. For teeth formed before 1959,
the Hua and Barbetti dataset [10] was used as a reference. These results are given as A'*C

values, however values are shown here as F'*C values for purposes of consistency. Please

note that the squares and circles represent estimated and actual DOB of the feeth, not the

individual.
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Supplemental Table 1.
Detailed background data and analytical results of all cases

AMS analysis Teeth Person
Enamel
Person Case Tooth formation Actual Estim. Errorin : Absolute

no. no. 2 no. time1 Country 5°%C A'C + F'*c + tc():ot’iﬁ t§oth ye?ars AEUEL s, Sl error
(yrs) DOB DOB  (20) DOB  DOB  (yrs)  (yre)

1 FMO1 M 44 5.1 Sweden -15.00 1141 49 1.1218 0.0049 1996.4 1995.0 2.1 1991.3 1989.9 -1.4 1.4
2 FM02 M 34 5.2 Sweden -14.60 106.9 3.6 1.1145 0.0036 1997.0 1996.0 2.0 1991.8 1990.8 -1.0 1.0
3 FM03 M 44 4.2 Sweden -1490 947 3.5 1.1054 0.0035 19974 1997.7 2.1 1993.2 1993.5 0.3 0.3
4 FMO5 F 44 4.2 Sweden -14.38 121.7 3.3 1.1381 0.0033 1993.0 1992.2 1.5 1988.8 1988.0 -0.8 0.8
5 FM06 F 14 4.9 Sweden -14.87 1454 3.2 1.1533 0.0032 1993.7 1990.6 1.0 1988.8 1985.7 -3.1 3.1
6 FMO07 M 34 5.1 Sweden -15.00 128.8 7.6 1.1366 0.0076 1993.7 1992.7 2.3 1988.6 1987.6 -1.0 1.0
7 FM08 F 44 4.4 Sweden -15.00 107.9 4.2 1.1156 0.0042 1996.9 1995.8 2.0 1992.5 19914 -1.1 1.1
8 FM09 F 24 4.9 Sweden -15.00 113.8 54 1.1215 0.0054 19954 1994.9 2.1 1990.5 1990.0 -0.5 0.5
9 FM10 M 21 3.2 Sweden -14.49 2055 3.1 1.2138 0.0031 1985.7 1984.4 0.7 1982.0 1981.2 -0.8 0.8
10 FM11 F 35 5.7 Sweden -14.98 1134 3.7 1.1211 0.0037 19949 1994.9 1.7 1989.2 1989.2 0.0 0.0
11 FM12 F 14 4.9 Sweden -14.63 1012 4 1.1088 0.0040 1996.2 1997.2 2.2 1991.3 1992.3 1.0 1.0
12 FM25 F 34 4.4 Sweden -15.04 932 3.9 1.1008 0.0039 1998.0 1998.4 2.7 1993.6 1994.0 0.4 0.4
13 FM27 M 14 5.6 Sweden -14.74 1116 4.3 1.1196 0.0043 1996.4 1995.3 2.0 1990.8 1989.7 -1.1 1.1
14 FM29 F 24 4.9 Sweden -15.04 105.6 4.2 1.1133 0.0042 1996.7 1996.2 2.1 1991.8 1991.3 -0.5 0.5
15 FM30 F 14 4.9 Sweden -14.76 131.2 4.5 1.1390 0.0045 1994.0 1992.2 1.6 1989.1 1987.3 -1.8 1.8
16 FM31 F 17 5.8 Sweden -15.02 959 3.6 1.1035 0.0036 1999.2 1998.1 2.2 1993.4 1992.3 -1.1 1.1
17 FM32 F 14 4.9 Sweden -14.69 111.8 4.1 1.1195 0.0041 1996.0 1995.2 1.9 1991.1 1990.3 -0.8 0.8
18 FM33 F 14 4.9 Sweden -15.15 110.1 4.1 1.1177 0.0041 1996.4 1995.5 1.9 1991.5 1990.6 -0.9 0.9
19 FM34 F 34 4.4 Sweden -14.79 1119 3.7 1.1196 0.0037 1995.8 1995.2 1.8 19914 1990.8 -0.6 0.6
20 FM39 M 34 5.1 Sweden -15.00 1135 4.3 1.1212 0.0043 19959 1995.0 1.9 1990.8 1989.9 -0.9 0.9
21 FM42 M 14 5.6 Sweden -15.00 94.8 4.2 1.1024 0.0042 1998.8 1998.1 2.8 1993.2 1992.5 -0.7 0.7
22 FM50 F 14 4.9 Sweden -15.10 133.3 3.7 1.1413 0.0037 1993.2 1992.0 1.5 1988.3 1987 -1.2 1.2
23 FM53 M 14 5.6 Sweden -15.00 113.9 4.3 1.1217 0.0043 1996.5 1994.9 1.9 1990.9 1989 -1.6 1.6
24 FM85 F 47 5.6 Sweden -13.89 5552 6.5 1.5661 0.0065 1969.3 1969.6 0.8 1963.7 1963.4 -0.3 0.3

FM85 17 5.8 -14.06 5558 6.0 1.5668 0.0060 1969.5 1969.4 0.8 1963.4 -0.3

25 FM89 M 24 5.6 Sweden -14.45 -30.1 3.2 0.9767 0.0032 1952.9 PB PB 1947.3 PB PB PB
FM89 25 6.6 -15.00 -346 4.1 0.9722 0.0041 PB PB PB PB PB

26 FM04 F 14 4.9 Scand? -15.00 117.3 7.2 1.1251 0.0072 1996.4 1994.2 2.8 1991.5 1989.4 -2.1 2.1
27 FM13 M 24 5.6 Scand? -11.72 1121 5.0 1.1198 0.0050 1997.7 1995.3 2.1 1992.1 1989.7 -24 2.4
28 FM14 F 17 5.8 Scand? -13.30 326.7 4.2 1.3359 0.0042 1978.0 1977.8 0.9 1972.2 1972.2 0.0 0.0
29 FM38 F 15 5.6 Scand? -14.14 1223 3.9 1.1301 0.0039 1994.7 1993.4 1.9 1989.1 1987.8 -1.3 1.3
30 0C29 M 38 13.0 Scand? -14.02 1721 3.1 1.1802 0.0031 1963.6 1957.8 0.5 1950.6 19448 -5.38 5.8
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Japan
Japan
Japan
Japan
Japan
Japan

-14.05
-15.00
-14.30
-14.01
-13.96
-14.83
-15.00
-11.16
-14.12
-15.42
-15.00
-14.60
-14.78
-156.37
-14.26
-10.67

-14.38
-13.83
-12.31
-14.32
-13.15
-14.62
-15.00
-13.11
-14.35
-14.62
-14.61
-15.00
-14.74
-13.73

-11.22
-12.06
-13.81
-12.68
-12.94
-14.87
-14.48
-14.87

20.6
-30.8
138.1
314.0
297.5

58.9
199.4
547.9
692.2
236.7
-20.6
295.3
105.9
-23.2
-36.7
-13.4

47.0
418.2
207.7
288.2
564.9

48.5
351.8
122.6
212.4
109.4
167.9
118.7
-22.2
509.9

532.8
568.8
-26.7
-16.4
-25.0
-18.8
-21.3
-12.0

26
3.4
3.2
4.4
3.8
4.2
4.7
6.3
6.4
4.0
3.8
4.4
3.1
3.1
3.0
3.1

3.6
4.5
3.8
4.7
5.0
4.0
6.6
3.3
4.7
3.8
3.9
4.3
4.1
6.3

6.0
6.1
3.3
3.3
29
3.3
3.6
3.9

1.0277
0.9759
1.1460
1.3231
1.3065
1.0663
1.2077
1.5586
1.7039
1.2452
0.9862
1.3044
1.1137
0.9836
0.9700
0.9934

1.0543
1.4280
1.2160
1.2973
1.5728
1.3236
1.3612
1.1284
1.2200
1.1167
1.1757
1.1264
0.9844
1.5186

1.5434
1.5797
0.9800
0.9904
0.9818
0.9880
0.9855
0.9949

0.0026
0.0034
0.0032
0.0044
0.0038
0.0042
0.0047
0.0063
0.0064
0.0040
0.0038
0.0044
0.0031
0.0031
0.0030
0.0031

0.0036
0.0045
0.0038
0.0047
0.0050
0.0040
0.0066
0.0033
0.0047
0.0038
0.0039
0.0043
0.0041
0.0063

0.0060
0.0061
0.0033
0.0033
0.0029
0.0033
0.0036
0.0039

1958.8
1956.8
1961.5
1979.4
1976.5
1959.2
1960.7
1970.4
1968.0
1983.0
PB
1980.5
1998.3
1956.1
1953.4

1958.2

1959.8
1975.2
1961.6
1980.0
1969.3
1977.9
1962.0
1989.7
1985.9
1996.1
1988.4
1994.3
1942.6
1973.5

1971.1
1969.8
1955.2
1935.5
1931.5
1919.2
1921.3
1916.9

1956.4
PB
1961.5
1978.4
1979.2
1957.0
1960.4
1969.3
1966.4
1982.4
PB
1979.2
1996.1
PB
PB
PB

1957 .1
1973.7
1960.0
1979.6
1968.6
1978.3
1962.4
1993.6
1983.9
1997.0
1988.0
1993.8

1970.9

1970.1
1968.4
PB
PB
PB
PB
PB
PB

0.5
PB
0.4
0.9
0.5
0.5
0.6
0.8
0.4
1.0
PB
0.6
1.8
PB
PB
PB

0.5
0.7
1.7
0.6
0.6
0.9
0.2
1.8
0.7
1.9
1.5
1.9
PB
0.7

0.9
0.5
PB
PB
PB
PB
PB
PB

1952.3
1953.8
1957.3
1973.7
1965.3
1952.7
1958.2
1957.4
1956.8
1971.2
1912.8
1969.3
1985.7
1952.1
1949.0
1955.8

1956.5
1962.6
1955.8
1968.8
1956.7
1964.9
1949.4
1977 1
1979.4
1989.6
1977.2
1988.6
1937.0
1961.7

1966.3
1962.8
1950.3
1932.3
1928.2
1912.7
1917.3
1911.3

1949.7
PB
1957.3
1972.7
1968.0
1950.6
1957.9
1956.3
1955.2
1970.6
PB
1968.0
1983.5
PB
PB
PB

1953.9
1961.1
1954 .2
1968.4
1956.0
1965.3
1949.8
1981.0
1977.4
1990.5
1976.8
1988.2
PB
1959.1

PB
PB
PB
PB
PB
PB

-2.6
PB
0.0
-1.0
2.7
-2.1
-0.3
-1.1
-1.6
-0.6
PB
-1.3
-2.2
PB
PB
PB

-2.6
-1.5
-1.6
-0.4
-0.7
0.4
0.4
3.9
-2.0
0.9
-0.4
-0.4
PB
-2.6

-1.0
-1.4
PB
PB
PB
PB
PB
PB

2.6
PB
0.0
1.0
2.7
21
0.3
1.1
1.6
0.6
PB
1.3
2.2
PB
PB
PB

2.6
1.5
1.6
0.4
0.7
0.4
0.4
3.9
20
0.9
0.4
0.4
PB
2.6

1.0
1.4
PB
PB
PB
PB
PB
PB



70 J9 M 11 3.2 Japan -13.30 -18.7 3.4 0.9881 0.0034 1920.6 PB PB 1917.4 PB PB PB

J10 23 4.7 -1443 477 3.5 1.0549 0.0035 1922 1 Error Error Error Error Error
71 FM41 M 28 12.6 Chile -15.00 3145 31.7 1.3236 0.0317 1980.4 1978.2 3.4 1967.8 1965.6 -2.2 1.3
FM41 36 2.4 -15.00 511.8 11.8 1.5222 0.0118 1970.2 1970.8 1.1 1968.2 0.4
FM41 26 3.3 -15.00 506.9 10.8 1.5173 0.0108 19711 1970.8 1.1 1967.6 -0.2
FM41 14 5.6 -15.00 4723 5.7 1.4825 0.0057 1973.4 1972.0 0.5 1966.5 -1.3
FM41 15 6.6 -15.00 468.4 23.6 1.4785 0.0236 19744 19721 1.7 1965.5 -2.3
72 FM57 F 38 11.8 Chile -11.47 536.7 54 15473 0.0054 1967.7 1970.0 0.8 1955.9 1957.8 1.9 2.9
73 Uui-42 M 42 3.0 Uruguay -10.36 -25.6 2.8 0.9813 0.0028 1934 .4 PB 1931.4 PB PB PB
U1-43 43 4.3 -10.50 -29.7 4.0 0.9772 0.0040 1935.7 PB PB PB PB
74 Uu2-35 M 35 6.5 Uruguay -11.24 461.7 4.3 1.4720 0.0043 1973.3 19724 0.4 1966.8 1965.8 -1.0 1.0
75 U325 M 25 6.6 Uruguay -11.00 2189 4.4 1.2275 0.0044 1984.0 19834 0.7 1977.4 1976.8 -0.6 0.6
76 u4-27 M 27 6.5 Uruguay -10.05 -30.4 3.2 0.9764 0.0032 1953.0 PB 1946.5 PB PB PB
77 Us-12 M 12 4.0 Uruguay -11.00 -28.3 3.3 0.9785 0.0033 1950.5 PB 1946.5 PB PB PB
78 U6-28 F 28 11.2 Uruguay -11.30 1120 3.2 1.1198 0.0032 1996.8 1995.1 1.6 1985.6 1983.9 -1.7 1.7
79 u7-26 F 26 3.0 Uruguay -11.84 1059 3.6 1.1137 0.0036 1998.2 1996.1 1.9 1995.2 1993.1 -2.1 2.1
80 U8-36 F 36 2.3 Uruguay -10.65 108.0 3.6 1.1158 0.0036 19946 1995.7 1.9 1992.3 19934 1.1 11
81 FM20 M 27 6.5 Iraq -12.31 2619 4.2 1.2706 0.0042 1982.3 1980.8 0.9 1975.8 19744 -14 1.4
82 FM18 M 48 13.0 Quwait -12.47 262.8 5.0 1.2715 0.0050 1983.4 1981.0 1.0 1970.4 1968.0 24 2.4
83 FM19 M 31 2.5 Morocco -13.30 138.2 8.0 1.1460 0.0080 1960.8 1956.4 0.8 1958.3 1954.0 -4.3 3.1
FM19 32 3.0 -11.98 1557 3.6 1.1637 0.0036 1961.3 19571 0.5 1954 1 -4.2
FM19 28 12.6 -12.74 428.7 49 1.4386 0.0049 19709 19734 0.7 1960.8 2.5
FM19 38 13.0 -13.43 5257 5.5 1.5362 0.0055 1971.3 1970.0 0.9 1957.0 -1.3
84 FM21 F 28 11.2 Lebanon -15.00 100.8 5.1 1.1084 0.0051 1996.3 1996.9 2.5 1985.1 1986.0 0.9 0.9
85 FM58 M 21 3.2 Lebanon -15.00 513.3 16.4 1.5237 0.0164 1965.8 1963.0 0.0 1962.6 1959.8 -2.8 2.8
Mean 1.4
SD 1.0

" According to Nolla [12]
2 According to Hua and Barbetti [8]
PB = pre-bomb value



Supplemental Table 2a
Southern hemisphere data set compared to Levin's data set

Enamel Calculation according to Levin data set Calculation according to SH data set
Pe;]roson C:OS  Sex ngth forTrri\r?]t;on Country  Actual 2l Estimated Absolute Estimated Sl Absolute
- - . DOB years age Error error age years Error error
(yrs) (20) 9 9 (20)

1 FM41 M 28 12.6 Chile 1967.8 3.5 1965.6 -2.0 1.2 1966.2 2.4 -1.6 1.2

FM41 15 6.6 1.1 1968.2 0.4 1965.5 1.9 -2.3

FM41 36 2.4 1.1 1967.6 -0.2 1967.8 1.2 0.0

FM41 14 5.6 0.4 1966.5 -1.3 1966.6 0.6 -1.2

FM41 26 3.3 1.7 1965.5 -2.3 1966.7 1.2 -1.1
2 FM57 F 38 11.8 Chile 1955.9 0.8 1957.8 1.9 1.9 1958.4 0.6 2.5 2.5
3 ut-42 M 42 3.0 Uruguay 19314 PB PB PB PB PB PB PB PB
U1-43 43 4.3 PB PB PB PB PB PB PB PB
4 U2-35 M 35 6.5 Uruguay 1966.8 0.5 1965.8 -1.0 1.0 1966,0 0.4 -0.8 0.8
5 U325 M 25 6.6 Uruguay 1977.4 1.0 1976.8 -0.6 0.6 1977.4 1.2 0.0 0.0
6 U4-27 M 27 6.5 Uruguay 1946.5 PB PB PB PB PB PB PB PB
7 us-12 M 12 4.0 Uruguay 1946.5 PB PB PB PB PB PB PB PB
8 u6-28 F 28 11.2 Uruguay 1985.6 0.5 1983.9 -1.7 1.7 1984.5 1.1 -1.1 1.1
9 u7-26 F 26 3.0 Uruguay  1995.2 0.0 1993.1 -2.1 2.1 1993,0 0.8 2.2 2.2
10 uUs-36 F 36 2.3 Uruguay  1992.3 2.4 1993.4 1.1 1.1 1993.6 0.9 1.3 1.3
Mean 1.4 Mean 1.3

SD 0.5 SD 0.8




Supplemental Table 2b
Northern hemisphere zone 2 data set compared to Levin's data set

Enamel Calculation according to Levin’s data set Calculation according to NH zone2 data set
Penr;on C:Os_ © Sex Tﬁgfh for_lr_rilritéon Country Actual L7 17 Estimated Absolute Estimated e 1) Absolute
years Error years Error
(yrs) DOB (20) DOB error age 20) error
1 J1 F 13 3.8 Japan 1967.3 0.9 1966.3 -1.0 1 1966.8 1.2 -0.5 0.5
2 J2 M 14 5.6 Japan 1964.2 0.5 1962.8 -1.4 14 1963.0 0.8 -1.2 1.2
3 J3 F 24 4.9 Japan 1950.3 PB PB PB PB PB PB PB PB
4 J4 M 11 3.2 Japan 1932.3 PB PB PB PB PB PB PB PB
5 J5 M 16 3.3 Japan 1928.2 PB PB PB PB PB PB PB PB
6 J6 M 47 6.5 Japan 1912.7 PB PB PB PB PB PB PB PB
7 J7 M 12 4.0 Japan 1917.3 PB PB PB PB PB PB PB PB
8 J8 F 15 5.6 Japan 1911.3 PB PB PB PB PB PB PB PB
9 J9 M 11 3.2 Japan 1917 .4 PB PB PB PB PB PB PB PB
J10 M 23 4.7 Japan 1917.4 0.8 1948.3 Error Error 1952.0 PB PB PB
10 FM20 M 27 6.5 Iraq 1975.8 0.85 1974 .4 -1.4 14 1974.3 0.8 -1.5 1.5
11 FM18 M 48 13.0 Quwait 1970.4 1,0 1968.0 -2.4 2.4 1967.7 0.8 -2.7 2.7
12 FM19 M 31 25 Morocco 1958.3 0.75 1954.0 -4.3 3.1 1955.6 0.2 2.7 24
FM19 28 12.6 Morocco 1958.3 0.5 1954 .1 -4.2 1961.1 0.8 2.8
FM19 32 3.0 Morocco 1958.3 0.7 1960.8 25 1955.6 0.2 -2.7
FM19 38 13.0 Morocco 1958.3 0.9 1957.0 -1.3 19511 1.1 1.2
13 FM21 F 28 11.2 Lebanon 1985.1 2.45 1986.0 0.9 0.9 1984.6 1.0 -0.4 0.4
14 FM58 M 21 3.2 Lebanon 1962.6 0.0 1959.8 -2.8 2.8 1960.0 04 -2.8 2.8
Mean 1.9 Mean 1.6

SD 0.9 SD 1.0




Supplemental Table 2c
Northern hemisphere zone 1 data set compared to Levin's data set

Enamel Calculation according to Levin's data set Calculation according to NH zone1 data set
Penroson Cnaos ®  Ssex ngth forTr?rz:]telon Country Actual ™M Estimated Absolute Estimated =/or N Absolute
- - - DOB years age Error error age years Error error
(yrs) (20) (20)
1 FMO1 M 44 5.1 Sweden 1991.3 0.6 1989.9 -1.4 14 1989.8 1.7 -1.5 1.5
2 FM02 M 34 5.2 Sweden 1991.8 2.2 1990.8 -1.0 1.0 1990.4 1.3 -1.4 1.4
3 FMO03 M 44 4.2 Sweden 1993.2 2.6 1993.5 0.3 0.3 1992.0 0.6 -1.2 1.2
4 FMO5 F 44 4.2 Sweden 1988.8 1.7 1988.0 -0.8 0.8 1988.2 14 -0.6 0.6
5 FMO06 F 14 4.9 Sweden 1988.8 0.0 1985.7 -3.1 3.1 1986.0 1.1 -2.8 2.8
6 FMO7 M 34 5.1 Sweden 1988.6 2.8 1987.6 -0.9 1,0 1987.7 2.2 -0.9 0.9
7 FMO08 F 44 4.4 Sweden 1992.5 2.5 1991.4 -1.1 1.1 1991.0 1.3 -1.4 1.4
8 FMO09 F 24 4.9 Sweden 1990.5 1.7 1990.0 -0.5 0.5 1990.2 1.8 -0.3 0.3
9 FM10 M 21 3.2 Sweden 1982,0 0.2 1981.2 -1.3 1.3 1981.5 0.9 -1.0 1.0
10 FM11 F 35 5.7 Sweden 1989.2 1.6 1989.2 0.0 0,0 1989.1 14 -0.1 0.1
11 FM12 F 14 4.9 Sweden  1991.3 2.2 1992.3 1.0 1,0 1991.1 0.9 -0.2 0.2
12 FM25 F 34 4.4 Sweden 1993.6 2.6 1994,0 04 04 1992.0 0.6 -1.6 1.6
13 FM27 M 14 5.6 Sweden 1990.8 0.7 1989.7 -1.1 1.1 1989.6 1.6 -1.2 1.2
14 FM29 F 24 4.9 Sweden 1991.8 2.6 1991.3 -0.5 0.5 1990.7 1.3 -1.1 1.1
15 FM30 F 14 4.9 Sweden  1989.1 0,0 1987.3 -1.8 1.8 1987.4 1.4 -1.7 1.7
16 FM31 F 17 5.8 Sweden 19934 2.9 1992.3 -1.1 1.1 1990.5 0.6 -2.9 2.9
17 FM32 F 14 4.9 Sweden  1991.1 0.7 1990.3 -0.8 0.8 1990.3 1.6 -0.8 0.8
18 FM33 F 14 4.9 Sweden 1991.5 0.7 1990.6 -0.9 0.9 1990.5 1.6 -1.0 1.0
19 FM34 F 34 4.4 Sweden 19914 0.6 1990.8 -0.6 0.6 1990.7 1.5 -0.7 0.7
20 FM39 M 34 5.1 Sweden 1990.8 0.6 1989.9 -0.9 0.9 1989.8 1.6 -1 1
21 FM42 M 14 5.6 Sweden 1993.2 2.9 1992.5 -0.7 0.7 1990.6 0.6 -2.6 2.6
22 FM50 F 14 4.9 Sweden 1988.3 0.0 1987 .1 -1.2 1.2 1987.2 0.4 -1.1 1.1
23 FM53 M 14 5.6 Sweden 1990.9 0.5 1989.3 -1.6 1.6 1989.2 1.6 -1.7 1.7
24 FM85 F a7 5.6 Sweden 1963.7 0.7 1963.4 -0.3 0.3 1963.6 1,0 -0.1 0.2
FM85 17 5.8 04 1963.4 -0.3 1963.4 1.0 -0.3

25 FM89 M 24 5.6 Sweden 1947.3 PB PB PB PB PB PB PB PB
FM89 25 6.6 PB PB PB PB PB PB PB PB

Mean 1.0 Mean 1.2

SD 0.6 SD 0.8




Supplemental Table 2d
Northern hemisphere zone1 data set compared to Levin's data set.

Enamel Calculation according to Levin's data set Calculation according to NH zone1 data set
FEEEN - CE6E Sex Countr UL formation i i i i
no. no. Y o _ Actual Errorin  Estimated E Absolute Estimated  Errorin E Absolute
Time(yrs) DOB  years (20) age fror error age years (20) fror error
1 0OC29 M Scand? 38 13.0 1950.6 0.45 1944.8 -5.8 5.8 1945.6 0.4 -5.0 5.0
2 OC31* M  Scand? 17 6.5 1952.3 0.50 1949.7 -2.6 2.6 1949.7 0.5 -2.6 2.6
3 OC33 M Scand? 32 3.0 1953.8 PB PB PB PB PB PB PB PB
4 0C34 Scand? 33 4.2 1957.3 0.40 1957.3 0.0 0.0 1957.4 0.5 0.1 0.1
5 0C41 F Scand? 45 5.7 1973.7 0.85 1979.6 0.2 0.2 1972.7 0.9 -1.1 1.1
6 0OC42 F  Scand? 18 11.2 1965.3 0.50 1978.9 2.4 2.4 1966.8 0.6 2.6 2.6
7 OC44* M Scand? 27 6.5 1952.7 0.50 1950.6 -2.1 2.1 1950.6 0.5 -2.1 2.1
8 0OC45 M Scand? 31 25 1958.2 0.40 1957.9 -0.3 0.3 1958.2 0.5 0.0 0.0
9 OC46 M Scand? 48 13.0 1957.4 0.50 1956.3 -1.1 1.1 1956.4 1.0 -1.0 1.0
10 OC47 F Scand? 28 11.2 1956.8 0.50 1955.2 -1.6 1.6 1955.2 0.4 -1.6 1.6
11 0OC48 F Scand? 38 11.8 1971.2 1.00 1970.6 -0.6 0.6 1970.6 1.0 -0.6 0.6
12 OC50 F Scand? 34 4.4 1912.8 PB PB PB PB PB PB PB PB
13 0OC51 F Scand? 28 11.2 1969.3 1.05 1968.0 -1.3 1.3 1968.0 0.6 -1.3 1.3
14 OC52 M Scand? 28 12.6 1985.7 2.60 1983.5 -2.2 2.2 1983.1 1.2 -2.6 2.6
15 OC53 M  Scand? 12 4.0 1952.1 PB PB PB PB PB PB PB PB
16 OC5% F Scand? 34 4.4 1949.0 PB PB PB PB PB PB PB PB
17 OoC5%* M Scand? 36 24 1955.8 PB PB PB PB PB PB PB PB
18 OC5%8* M Scand? 26 3.3 1956.5 0.50 1953.9 -2.6 2.6 1953.9 0.5 -2.6 2.6
19 OC5 M Scand? 18 12.6 1962.6 0.10 1961.1 -1.5 1.5 1961.4 0.8 -1.2 1.2
20 OC60 F  Scand? 17 5.8 1955.8 2.00 1954.2 -1.6 1.6 1954.3 1.2 -1.5 1.5
21 0C61 F Scand? 28 11.2 1968.8 0.00 1968.4 -0.4 0.4 1968.2 0.6 -0.6 0.6
22 0OC62 M Scand? 28 12.6 1956.7 0.50 1956.0 -0.7 0.7 1956.4 0.9 -0.3 0.3
23 OC65 M Scand? 48 13.0 1964.9 1.00 1965.3 0.4 0.4 1965.2 0.8 0.3 0.3
24 OC66 M Scand? 28 12.6 1949.4 0.50 1949.8 0.4 0.4 1949.8 0.2 0.4 0.4
25 OC67 M Scand? 18 12.6 1977.1 0.00 1981.0 3.9 3.9 1981.2 1.6 4.1 4.1
26 OC69 M Scand? 37 6.5 1979.4 0.20 1977.4 -2.0 2.0 1977.9 1.0 -1.5 1.5
27 OC71 M Scand? 27 6.5 1989.6 0.70 1990.5 0.9 0.9 1988.9 1.5 -0.7 0.7
28 OC72 F Scand? 28 11.2 1977.2 1.00 1976.8 -0.4 0.4 1977.2 1.2 0.0 0.0
29 OC73 F  Scand? 15 5.6 1988.6 1.60 1988.2 -0.4 0.4 1988.4 1.7 -0.2 0.2
30 OC79 F Scand? 25 5.6 1937.0 PB PB PB PB PB PB PB PB
31 OC80 F Scand? 48 11.8 1961.7 0.95 1959.1 -2.6 2.6 1959.2 1.1 -2.5 2.5






* An elevated **C value was recorded, please see text. PB = Pre-bomb value.



Table 2.
14C analysis of teeth formed during the rising part of the bomb-curve

Enamel

Penrcs).on Case no. Sex Tooth no. fprmation Aggjg I Est;rg:ted Error Aisr?g#te
time (yrs)
1 OC31* M 17 6.5 1952.3 1949.7 -2.6 2.6
2 0OC33 M 32 3.0 1953.8 PB PB PB
3 0C34 ? 33 4.2 1957.3 1957.3 0.0 0.0
4 0C44* M 27 6.5 1952.7 1950.6 -2.1 2.1
5 0C45 M 31 2.5 1958.2 1957.9 0.3 0.3
6 0C53 M 12 4.0 1952.1 PB PB PB
7 OC56* M 36 2.4 1955.8 1952.7 -3.1 3.1
8 OC58* M 26 3.3 1956.5 1953.9 -2.6 2.6
9 0C60 F 17 5.8 1955.8 1954 .1 -1.6 1.6
10 0OC66 M 28 12.6 1949.4 1949.8 0.4 0.4
11 FM19 M 31 2.5 1958.3 1954.0 -4.3 4.3
FM19 M 32 3.0 1954.1 -4.2
Mean 1.9
SD 14

*Calculated according Hua and Barbetti [8]. PB = Pre-bomb value.



Table 3.

14C analysis of teeth formed during the falling part of the bomb-curve

Enamel

Person no Case no. Sex Tooth no. f_ormation ASSJS I ESt;g:ted Error Abesr?cl;#te
time (yrs)

1 FMO1 M 44 5.1 1991.3 1989.9 -1.4 1.4
2 FM02 M 34 5.2 1991.8 1990.8 -1.0 1.0
3 FMO03 M 44 4.2 1993.2 1993.5 0.3 0.4
4 FMO05 F 44 4.2 1988.8 1988.0 -0.8 0.8
5 FMO06 F 14 4.9 1988.8 1985.7 -3.1 3.1
6 FMO07 M 34 5.1 1988.6 1987.6 -1.0 1.0
7 FMO08 F 44 4.4 1992.5 1991.4 -1.1 1.1
8 FMO09 F 24 4.9 1990.5 1990.0 -0.5 0.5
9 FM10 M 21 3.2 1982,0 1981.2 -1.3 1.3
10 FM11 F 35 5.7 1989.2 1989.2 0.0 0.0
11 FM12 F 14 4.9 1991.3 1992.3 1.0 1.0
12 FM25 F 34 4.4 1993.6 1994,0 0.4 0.4
13 FM27 M 14 5.6 1990.8 1989.7 -1.1 1.1
14 FM29 F 24 4.9 1991.8 1991.3 -0.5 0.5
15 FM30 F 14 4.9 1989.1 1987.3 -1.8 1.8
16 FM31 F 17 5.8 1993.4 1992.3 -1.1 1.1
17 FM32 F 14 4.9 1991.1 1990.3 -0.8 0.8
18 FM33 F 14 4.9 1991.5 1990.6 -0.9 0.9
19 FM34 F 34 4.4 1991.4 1990.8 -0.6 0.6
20 FM39 M 34 5.1 1990.8 1989.9 -0.9 0.9
21 FM42 M 14 5.6 1993.2 1992.5 -0.7 0.7
22 FM50 F 14 4.9 1988.3 1987.1 -1.2 1.2
23 FM53 M 14 5.6 1990.9 1989.3 -1.6 1.6
24 FM85 F 47 5.6 1963.7 1963.4 -0.3 0.3

FM85 17 5.8 1963.4 -0.3 0.3
25 0C29 M 38 13,0 1950.6 1944.8 -5.8 5.8
26 OC41 F 45 5.7 1973.7 1972.7 -1.0 1.0
27 0C42 F 18 11.2 1965.3 1968,0 2.7 2.7
28 0OC46 M 48 13.0 1957.4 1956.3 -1.1 1.1
29 0C47 F 28 11.2 1956.8 1955.2 -1.6 1.6
30 0C48 F 38 11.8 1971.2 1970.6 -0.6 0.6
31 0OC51 F 28 11.2 1969.3 1968.0 -1.3 1.3
32 0C52 M 28 12.6 1985.7 1983.5 -2.2 2.2
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36
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28
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28
21
14
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12.6
11.2
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12.6
6.5
6.5
11.2
5.6
11.8
3.8
5.6
12.6
24
3.3
5.6
6.6
11.8
6.5
6.6
11.2
3.0
2.3
6.5
13.0
12.6
13.0
11.2
3.2
4.9
5.6
5.8
5.6

1962.6
1968.8
1956.7
1964.9
1977 .1
1979.4
1989.6
1977.2
1988.6
1961.7
1967.3
1964.2
1967.8

1955.9
1966.8
1977.4
1985.6
1995.2
1992.3
1975.8
1970.4
1958.3

1985.1
1962.6
1991.5
1992.1
1972.2
1989.1

1961.1
1968.4
1956,0
1965.3
1981.0
1977.4
1990.5
1976.8
1988.2
1959.1
1966.3
1962.8
1965.6
1968.2
1967.6
1966.5
1965.5
1957.8
1965.8
1976.8
1983.9
1993.1
1993.4
1974.4
1968.0
1960.8
1957.0
1986.0
1959.8
1991.5
1992.1
1972.2
1987.8

-1.5
-0.4
0.7
0.4
3.9
-2,0
0.9
-0.4
0.4
-2.6
-1.0
-1.4
-2,0
0.4
-0.2
-1.3
-2.3
1.9
-1.0
-0.6
-1.7
-2.1
1.1

-1.4
-2.4
2.5
-1.3
0.9
-2.8
-2.1
-2.4
0.0
-1.3

Mean
SD

1.5
0.4
0.7
0.4
3.9
2.0
0.9
0.4
0.4
2.6
1.0
1.4
1.2

1.9
1.0
0.6
1.7
2.1
1.1
1.4
24
3.1

0.9
2.8
21
2.4
0.0
1.3

1.3
1.0




Table 4.
Precision of DOB estimates using Levin's data set vs. zone-specific data as reference*

Zone Levin Zein N Countries
data
SH 14+0.5 1.3+0.8 15 Chile and Uruguay
NH Zone 2 1.9+£0.9 1.6+1.0 18 Japan, Middle East and Morocco
NH Zone 1 1.0+ 0.6 1.2+0.8 27 Sweden
NH Zone 1 1.5£1.3 1.5£1.2 35 Scandinavian?

*Details of the calculations are given in Supplemental Table 2a-d.



Table 5.

53C results in teeth from individuals raised in different geographical regions

Enamel 5"%c
Penr;on Cna Os_ e Sex Country Tﬁgfh f_ormation Aggs I p 5 3
time (yrs)
1 FM02 M Sweden 34 5.2 1991.8 -14.60
2 FMO03 M Sweden 44 4.2 1993.2 -14.90
3 FMO05 F Sweden 44 4.2 1988.8 -14.38
4 FMO06 F Sweden 14 4.9 1988.8 -14.87
5 FM10 M Sweden 21 3.2 1982.0 -14.49
6 FM11 F Sweden 35 5.7 1991.3 -14.63
7 FM25 F Sweden 34 4.4 1993.6 -15.04
8 FM27 M Sweden 14 5.6 1990.8 -14.74
9 FM29 F Sweden 24 4.9 1991.8 -15.04
10 FM30 F Sweden 14 4.9 1989.1 -14.76
11 FM31 F Sweden 17 5.8 1993.4 -15.02
12 FM32 F Sweden 14 4.9 1991.1 -14.69
13 FM33 F Sweden 14 4.9 1991.5 -15.15
14 FM34 F Sweden 34 4.4 1991.4 -14.79
15 FM50 F Sweden 14 4.9 1988.3 -15.10
16 FM67 F Sweden 13 3.8 1936.5 -15.35
17 FM85 F Sweden 47 5.6 1963.7 -13.89
FM85 17 5.8 -14.06
18 FM89 M Sweden 24 5.6 1947.3 -14.45
FM89 25 6.6 -15.00
19 J1 F Japan 13 3.8 1967.3 -11.22
20 J2 M Japan 14 5.6 1964.2 -12.06
21 J3 F Japan 24 4.9 1950.3 -13.81
22 J4 M Japan 11 3.2 1932.3 -12.68
23 J5 M Japan 16 3.3 1928.2 -12.94
24 J6 M Japan 47 6.5 1912.7 -14.87
25 J7 M Japan 12 4.0 1917.3 -14.48
26 J8 F Japan 15 5.6 1911.3 -14.87
27 J9 M Japan 11 3.2 1917.4 -13.30
J10 23 4.7 1917.4 -14.43
28 FM20 M Irak 27 6.5 1975.8 -12.31
29 FM18 M Quwait 48 13.0 1970.4 -12.47






