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MONITORING THE PRESENCE OF HUMIC SUBSTANCES IN WOOL AND SILK BY 
THE USE OF NONDESTRUCTIVE FLUORESCENCE SPECTROSCOPY: QUALITY 
CONTROL FOR 14C DATING OF WOOL AND SILK

Mathieu Boudin1,2,3
 • Pascal Boeckx2 • Peter Vandenabeele4 • Sylvia Mitschke5 • 

Mark Van Strydonck1

ABSTRACT. Radiocarbon dating of degraded wool and silk provides 14C results of questionable reliability. In most cases,
degraded wool/silk contains humic substances (HSs). Thus, a nondestructive fluorescence spectroscopy method, using a
fiberoptic probe, was developed to monitor the presence of HSs in degraded wool and silk. This method can provide infor-
mation about the presence of HSs before and after pretreatment and about the 14C age reliability. This study suggests consid-
ering with care wool/silk samples 14C dating wherein HSs are detected, because the conventional solvent pretreatment method
using a NaOH wash is in most cases not sufficient to remove all humic substance contaminants. As a result, unreliable 14C
dates can be provided.

INTRODUCTION

Wool and silk are proteinic fibers. Wool is an animal fiber that consists mainly of keratin. Raw silk
is obtained from the cocoons of the larvae of the mulberry silkworm Bombyx mori and consists of
the proteins fibroin and sericin. In order to make silk fabric soft and glassy, a degumming process is
necessary to remove sericin, leaving only fibroin in silk to manufacture textiles (Sashina et al.
2006).

Wool and silk are gaining more attention as suitable radiocarbon dating material due to their short
lifespan, potentially presenting the true age of an object made of these materials (Van Strydonck et
al. 2004). However, wool and silk are susceptible to rapid decomposition and are rarely excavated
in archaeological sites. Archaeological wool and silk fibers can be degraded by microorganisms
(Janaway 1985; Gillard et al. 1994). Moreover, humidity and heat accelerate the degradation of
these textiles (Sibley and Jakes 1984). Only if the growth of microorganisms is hindered in a special
environment can the textile survive (Sibley and Jakes 1984; Cronyn 2001). Such special environ-
ments include peat bogs, lake bottoms, deserts, salt mines, and permafrost soils. In such cases, the
activity of the microorganisms is slowed down due to anaerobic conditions, the absence of available
water, and the presence of metals such as copper (Kars and Smit 2003).

Degraded wool and silk may contain contaminants such as mold, fungus, dirt, humic substances
(HSs), or other carbon-containing materials (Kim et al. 2008), which may affect the 14C date. Con-
ventional pretreatment methods (solvent treatment followed by acid-base-acid treatment) for 14C
analyses may not be adequate for removing all contaminants (Kim et al. 2008). HS contamination
of wool or silk is a major problem in obtaining reliable 14C dates. Thus, HSs can be classified
according to the ease in which they are soluble in alkaline or acidic solutions (Head 1987):

1. Humic acid is the fraction extracted by the alkaline solution that becomes insoluble after acid-
ification.

2. Fulvic acids are soluble both in acid and alkaline solutions.
3. Humin is the residue that is insoluble in acid and alkaline solutions.
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Quality control of sample material (e.g. charcoal, collagen) is receiving considerable attention in
order to obtain more reliable 14C dates (DeNiro 1985; Alon et al. 2002; Van Strydonck et al. 2005).
Therefore, a fluorescence spectroscopy method is developed in this study for screening textiles for
humic substance presence in order to obtain reliable 14C dates.

Fluorescence spectroscopy should be ideal for independently detecting HSs present in archaeologi-
cal wool and silk samples. Fluorescence is the result of a 3-stage process (excitation, excited-state
lifetime, emission) that occurs in certain molecules, generally polyaromatic hydrocarbons or hetero-
cycles, called fluorophores (Lakowicz 1999). HSs are thought to be complex aromatic macromole-
cules with amino acids, amino sugars, peptides, and aliphatic compounds involved in linkages
between the aromatic groups (Stevenson 1982). Thus, HSs have fluorescent properties. Fluores-
cence spectroscopy is a common technique used in soil science by analyzing HSs in solution (Bach-
elier 1980–1981; Simpson et al. 1997). The new technique is applied on solid material (e.g. wool or
silk fabric/fiber) using a fiberoptic probe to detect HSs.

This technique has the advantage over solution studies in avoiding the formation of any new fluoro-
phores and/or the destruction of others during protein hydrolysis or solubilization. For example,
some of the fluorophores easily detected in solid-state studies on wool keratin or silk fibroin are
barely detectable after protein hydrolysis or solubilization (Millington et al. 2002). These chemical
treatments are necessary in order to measure the fluorescence of a solution. This new method is
favored over other techniques because it is nondestructive. The fiberoptic probe takes light to the
sample via an optical light guide (excitation). The sample absorbs this light and emits light back via
an optical light guide to the spectrofluorometer (fluorescence) (Figure 1).

In this study, a qualitative/semiquantitative fluorescence spectroscopy technique is developed that
distinguishes the (naturally dyed) textile or fiber from the HSs by choosing the appropriate excita-
tion and emission wavelengths (Bachelier 1980–1981; Simpson et al. 1997; Clarke 2002).

Figure 1 Varian Cary Eclipse fluorescence spectrophotometer with a fiberoptic probe
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MATERIALS AND METHODS

Sample Selection

Modern, undyed silk fabric was acquired from a textile shop (La Fourmi, Brussels, Belgium). The
modern wool fibers were delivered by a Belgian farmer (Galle, Emelgem). The undyed silk fabric
and wool were analyzed using spectrofluorescence spectroscopy as a means to obtain reference
spectra, free of humic substances (HSs).

Commercially available HSs were used: humic acid depur, called “HA Roth” in this paper (Carl
Roth, Karlsruhe, Germany); humic acid practical grade, called “HA MP Biomedicals” (MP Bio-
medicals, Brussels, Belgium); and humic acid sodium salt, “HA Sigma” (Sigma-Aldrich, Bornem,
Belgium). HSs are complex aromatic macromolecules with amino acids, amino sugars, peptides,
and aliphatic compounds involved in linkages between the aromatic groups (Stevenson 1982).
Therefore, these commercially prepared HSs were analyzed using fluorescence spectroscopy in
order to determine similarities and/or differences in their spectra.

Archaeological samples, chosen to represent various ages and preservation environments, were
obtained from sites listed in Table 1, and analyzed with fluorescence spectrometry before 14C pre-
treatment and 14C dating. All the archaeological samples were naturally dyed fabrics. Some of these
samples were examined with fluorescence spectroscopy before and after 14C pretreatment in order
to determine the extent to which HSs were removed by the pretreatment.

Sample Preparation

Modern silk fabric and modern wool fibers were washed separately:

1. With a 1% neutral, non-ionic soap solution (ETS-René Dejonghe, Ghent, Belgium) with a max-
imum temperature of 80 °C for the wool and 60 °C for the silk;

2. With Milli-Q water and;
3. Finally, dried at 60 °C.

Table 1 Archaeological samples, chosen to represent various ages and preservation environments,
were obtained from different sites.

Sample name
Archaeological
site Country

Material
type

Preservation
environment

Presumed
historical date

Mainz 1 Mainz Germany Wool Waterlogged soil 5 BC (Roman)
Mainz 2 Mainz Germany Wool Waterlogged soil 5 BC (Roman)
Mainz 3 Mainz Germany Wool Waterlogged soil 5 BC (Roman)
Mainz 4 Mainz Germany Wool Waterlogged soil 5 BC (Roman)
Beerlegem Beerlegem Belgium Wool Presence of metal AD 600–650

(Merovingian)
Ieper Ieper Belgium Wool Waterlogged soil 13th century AD
OS2562 Oudenburg Belgium Wool Well Late Roman
OS24909 Oudenburg Belgium Wool Well Late Roman
1924-01 Unknown Afghanistan Wool Sand AD 1000–1200
Bourelet Unknown Egypt Wool Sand AD 200–450 

(Coptic)
1923-02 Unknown Egypt Silk Sand AD 700–1000 

(Coptic)
Hallstat 79429 Hallstat Austria Wool Salt mine 800–400 BC
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This washing procedure has no influence on the amino acid composition of the silk and wool. This
was internally tested and confirmed by the textile laboratory in the Royal Institute of Cultural Heri-
tage (Brussels, Belgium).

About 650 mg of each HS was dissolved in 125 mL of Milli-Q™ (Millipore) water. The pH of the
HS solution was ~5. To this solution, we added ~450 mg of silk and slowly agitated the mixture at
room temperature for different durations (3 hr, 64 hr, and 188 hr). About 500 mg of wool was added
to the HS solution and the mixture was slowly agitated for 120 hr or 200 hr at 80 °C. Wool has
greater stability in an acidic environment due to its disulfide bonds. Therefore, a temperature of
80 °C was used to accelerate wool degradation.

The wool or silk was then removed from the HS solution, rinsed several times with Milli-Q water,
and finally washed with Milli-Q water for 15 min in an ultrasonic bath before drying at 40 °C. Sam-
ple names consist of the material type (wool or silk), brand of HS, and agitation duration (e.g. Silk
HA Roth 3 hr).

The wool and silk contaminated with HSs were analyzed with fluorescence spectroscopy in order to
register reference spectra. The HS-contaminated wool (fibers) and silk (fabric and yarn) were pre-
treated with 1% NaOH for different durations to remove the HSs, and finally analyzed with spec-
trofluorescence to determine the degree of HS removal.

Fluorescence Spectroscopy

Analyses were made in natural atmosphere at room temperature using a Varian Cary Eclipse fluo-
rescence spectrophotometer (Agilent Technologies). Nondestructive analysis of the textile fibers
was carried out using a fiberoptic probe. Spectra were acquired in the excitation wavelength range
of 340–475 or 400–475 nm and 509 nm as the emission wavelength. The following wavelengths
were chosen: the main excitation bands of humic acids at 465, 480, and 490 nm (Simpson et al.
1997); the principal emission bands of humic acids in the wavelength range of 509–515 nm (Bach-
elier 1980–1981).

No interfering fluorescence originated from the natural organic dyes at these wavelengths (Clarke
2002). Synthetic organic dyes were introduced in the mid-19th century, with mauveïne the first syn-
thetic organic dye produced in 1856 (Herbst et al. 1997; Holme 2006). Therefore, all archaeological
dyed textiles samples manufactured before 1856 can be analyzed with our method.

Excitation was produced by a 15W xenon pulse lamp. The excitation and emission band width were
set at 10 nm. Scan control (medium) consisted of 600 nm min–1, average time of 0.1 s, and a data
interval of 1 nm. The software automatically chose the excitation and emission filter during analy-
sis. Fluorescence intensity was measured in arbitrary units (au). The fluorescence spectrophotome-
ter also has room light immunity that excludes fluorescence contributed by ambient light.

14C Dating

Archaeological wool and silk samples were pretreated as follows:

1. Extraction in an ultrasonic bath for 15 min with hexane (twice);
2. Rinsing with acetone;
3. Extraction in an ultrasonic bath for 15 min with acetone (twice);
4. Rinsing with acetone;
5. Extraction in an ultrasonic bath for 15 min with ethanol (twice);
6. Rinsing with Milli-Q water;



Quality Control for 14C Dating of Wool and Silk 433

7. Extraction in an ultrasonic bath for 15 min with Milli-Q water;
8. Rinsing with Milli-Q water;
9. 15 min in cold 1% NaOH;

10. Rinsing with Milli-Q water;
11. 15 min in cold 1% HCl;
12. Rinsing with Milli-Q water;
13. Drying of sample at 40 °C.

All chemical products were purchased from Merck (Belgium).

The solvent pretreatment started with the most apolar solvent (hexane) and ended with the most
polar solvent (ethanol). Rinsing with acetone is necessary after hexane and acetone extraction and
with Milli-Q water after ethanol extraction in order to remove organic solvent remains. The duration
of the NaOH step depends on the quality of the sample. This step was stopped when the sample
started to fall apart or eventually started dissolving. The wool samples from Ieper and Beerlegem
dissolved completely in the NaOH step due their degraded state. They could only be pretreated with
the solvents.

14C dates were measured by accelerator mass spectrometry (AMS) at the Leibniz Labor für Alters-
bestimmung und Isotopenforschung in Kiel, Germany (Nadeau et al. 1998). CO2 was obtained by
sample combustion in the presence of CuO and Ag. Graphitization was done with H2 over a Fe cat-
alyst. Targets were prepared at the Royal Institute for Cultural Heritage in Brussels, Belgium (Van
Strydonck et al. 1990). 14C calibrations were performed using OxCal 3 (Bronk Ramsey 1995, 2001)
and the IntCal09 calibration curve data (Reimer et al. 2009).

RESULTS AND DISCUSSION

Fluorescence Spectroscopy

The uncontaminated wool in this study shows 2 excitation band centers (Figure 2a):

• at 380 nm: This fluorescence has previously been assigned to N-formyl kynurenine, which is a
known oxidation product of tryptophan (Smith 1995).

• at 430 nm. Previous work has shown that oxidized wool contains -carboline fluorophores
derived from tryptophan in exactly this position (Smith et al. 1994).

Figure 2a Excitation spectrum between 340 and 475 nm of
uncontaminated wool fibers. Excitation band centers are
observed at 380 and 430 nm.

Figure 2b Excitation spectrum between 340 and 475 nm of
uncontaminated silk fabric. The excitation band center is
observed at 378 nm.
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The uncontaminated silk fabric has an excitation band center at 378 nm (Figure 2b). This position
was observed in silk fabric exposed to UV light. Untreated silk has very little visible fluorescence,
but after exposure to UV light, a new feature develops, which is very similar in position and appear-
ance to the fluorescence in reduced wool. It is likely that both features are due to protein oxidation
products that are nonreducible (Millington and Kirschenbaum 2002). All analyzed HSs show a clear
fluorescence increase between an excitation wavelength of 430 and 475 nm (Figure 3a–c).

Figure 3 Excitation spectra between 400 and 475 nm of the humic
substances HA Roth (a), HA Sigma (b), and HA MP Biomedicals (c).
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Further analyses started at an excitation wavelength of 400 nm instead of 340 nm in order to detect
mainly the HS and minimize the fluorescence interference of the textile (Table 2), and to make the
analysis faster and more straightforward.

If we compare the spectra of the HS-contaminated silk samples Silk HA Roth 64 hr (Figure 4a) and
Silk HA Roth 188 hr (Figure 4b) with those of HS-contaminated (Figure 3) and uncontaminated silk
(Figure 2b), we observe a linear increase in fluorescence between 460 and 475 nm in both contam-
inated samples. This is not the case for uncontaminated silk (Figure 2b), but it is for HA Roth (Fig-
ure 3a). This fluorescence can be explained by the presence of HSs in the fiber (Table 2). The color
of the silk fabrics was a good indicator for HS contamination. The contaminated silk fabric samples
were light brown, after agitation for 64 hr in HS solution, and brown, after 188 hr in HS solution,
indicating that contamination with HSs occurred, because the uncontaminated silk fabric was white.

The fluorescence intensity measured between 460 and 475 nm can be explained by the presence of
HSs. Therefore, the slope was calculated using a linear fit (least squares) to the curve between 465
and 475 nm (Table 3). All analyzed humic substances (HA Roth, HA MP Biomedicals, and HA
Sigma) have a positive slope. Uncontaminated wool and silk both have a negative slope, while HS-
contaminated samples (Silk HA Roth 3 hr, Silk HA Roth 64 hr, Silk HA Roth 188 hr, Wool HA Roth
120 hr, and Wool HA Roth 200 hr) have a positive slope. Thus, the slope can be used as a qualitative
indicator for the presence of HS: a negative slope indicating HS absence and a positive slope indi-
cating HS presence.

Table 2 Excitation and emission band centers (nm) of different materials (Bachelier
1980–1981; Simpson et al. 1997; Millington and Kirschenbaum 2002).

Excitation band center (nm) Emission band center (nm)

Wool 375 450
Oxidized wool 430 500
Silk after UV light 370 440
Humic acids 465, 480, and 490 509–515

Figure 4 Excitation spectra of modern silk fabric immersed in mixture of humic substance (Roth) and Milli-Q water during
64 hr (a) and 188 hr (b).
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The chosen photomultiplier tube (PMT) detector voltage influences the slope value. If a higher volt-
age was applied on the same sample, it resulted in a higher slope. This can be explained by the dis-
proportionate fluorescence intensity increase when a higher PMT voltage is applied (Lawaetz and
Stedmon 2009). A fluorescence intensity calibration is necessary to compare slope values measured
with different PMT voltages. Lawaetz and Stedmon (2009) developed a fluorescence intensity cali-
bration using the Raman scatter peak of water for liquid samples. Research is ongoing to develop a
fluorescence intensity calibration method for solid samples using an fiberoptic probe.

A higher PMT voltage was necessary if the wool/silk samples were in a degraded state, but the slope
value remains positive. Possible explanations are mineralization of the fibers. This can be defined as
the combination and/or replacement of the organic matrix, including the fluorophores, of the fiber
with an inorganic one (Gillard et al. 1994). Another possibility is protein degradation (fluorophores
are part of the protein) caused by microbial attack or by microenvironmental conditions (Sibley and
Jakes 1984).

If we want to compare slopes of the same sample before and after 14C pretreatment, the same voltage
must be applied. In this case, the slope can be used as a semiquantitative indicator for HS presence.
The slope should decrease after 14C pretreatment mostly due to the NaOH wash and signifies HS
removal. This HS removal is shown in Table 4 where the slope value of the contaminated test sam-
ples decreases as a function of the NaOH wash duration. However, no complete HS removal was
obtained.

Table 5 demonstrates the dependency of the NaOH treatment duration on the sample type, e.g. HS-
contaminated silk fabric can be pretreated longer than HS-contaminated silk yarns taken from fab-

Table 3 Spectrofluorescence slope values of analyzed HSs and HS-contaminated silk or wool
samples, with applied PMT detector voltage. The slope was calculated using a linear fit (least
squares) to the curve between 465 and 475 nm.

Sample name Slope  PMT detector voltage (V)

HA Roth +2.63 950
HA MP Biomedicals +3.60 950
HA Sigma +1.73 950
Uncontaminated silk –0.67 650
Silk HA Roth 3 hr +0.77 650
Silk HA Roth 64 hr +0.76 650
Silk HA Roth 188 hr +3.05 800
Silk HA Aldrich 64 hr +0.01 650
Uncontaminated wool –0.22 750
Wool HA Roth 120 hr +0.20 750
Wool HA Roth 200 hr +0.77 1000

Table 4 Spectrofluorescence slope value of Silk HA Roth 188 hr (fabric and yarn) and of Wool HA
Roth 200 hr (fibers) as a function of NaOH wash duration (min). The slope was calculated using
a linear fit (least squares) to the curve between 465 and 475 nm. PMT voltage was 800 V for the
silk samples and 1000 V for the wool samples.

Slope value as a function of NaOH wash duration (min)

Sample name 0 15 30 45 60 90

Silk HA Roth 188 hr - Fabric 3.05 2.61 1.69 1.27 0.53 0.49
Wool HA Roth 200 hr - Fibers 0.77 0.67 0.05 n.a. n.a. n.a.
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ric. HS-contaminated wool fibers are especially susceptible to NaOH: ~85% of the sample is lost
after 30 min of treatment. It is really exceptional that archaeological samples can be fully treated
with 1% NaOH during 15 min in our laboratory.

The slopes of different unknown samples contaminated with HSs should not be compared even if
the same voltage is applied, because the chemical composition of the HSs is unknown and fluores-
cence depends on the amount of fluorophores (polyaromatic hydrocarbons or heterocycles) present
in the HS. These assessments are supported by the analyses of 3 humic substances: HA Roth, HA
MP Biomedicals, and HA Sigma. These samples were analyzed applying the same voltage (950 V).
The calculated fluorescence slope is different for the 3 humic substances (Table 3).

The analyzed archaeological samples (Table 1) can therefore be divided into 2 groups:

1. The first group showing an excitation spectrum in accordance with the spectrum of sample Silk
HA Roth 188 hr (Figure 4b): Mainz 1, Mainz 2, Mainz 3, Mainz 4, Beerlegem, Ieper, OS2562,
and OS24909. This is an indication of HS presence.

2. The second group having an excitation spectrum matching the spectrum of the uncontaminated
silk (Figure 2b): 1924-01, Bourelet, 1923-02, and Hallstat 79429. This indicates HS absence.

The slope of these archaeological samples (Table 1) was calculated (Table 6). Analytical precision
for the slope was greater than 0.30 (pooled standard deviation), as determined by multiple measure-
ments of 4 samples (Silk HA Roth 3 hr, Beerlegem, Hallstat 79429, and Mainz 2) at 750 V. Positive
and negative slopes indicate the presence and absence of HSs, respectively. As such, it is suggested
that archaeological silk or wool samples with a positive fluorescence slope be proposed as an indi-
cator for less reliable 14C dates unless in situ humification has occurred.

The samples Mainz 1, Mainz 2, Mainz 3, Mainz 4, Beerlegem, Ieper, OS2562, and OS24909 show
a positive slope and consequently HS presence in the textile. The samples 1924-01, Bourelet, 1923-
02, and Hallstat 79429 have a negative slope, indicating HS absence in the textile.

Four archaeological samples (Mainz 2, Mainz 4, Beerlegem, and Ieper) were analyzed before and
after 14C pretreatment applying the same voltage (950 V). The slope difference of the uncontami-
nated and pretreated textiles was calculated (Table 6). A slope decrease for the 4 samples is noted,
meaning that the amount of HSs decreases after pretreatment. However, the slope for the 4 samples
remains positive, indicating that there were still HSs present in the 4 samples after 14C pretreatment.

The samples Mainz 2 and Mainz 4 underwent the full pretreatment including the NaOH wash. Par-
tial dissolution of the fulvic acid likely occurred during the 15-min sample treatment with Milli-Q
water in the ultrasonic bath. The NaOH step should be able to remove fulvic and humic acids
because fulvic acids are soluble in acid and alkaline solutions and humic acid is the fraction
extracted by alkaline solution (Head 1987). However, the NaOH wash is not sufficient to remove all
HSs as proven by a positive fluorescence slope after 14C pretreatment. A harsher NaOH wash results

Table 5 Weight (mg) of Silk HA Roth 188 hr (fabric and yarn) and Wool HA Roth 200 hr (fibers)
as a function of NaOH wash duration (min).

Weight (mg) as a function of NaOH wash duration (min)

Sample name 0 15 30 45 60 90

Silk HA Roth 188 hr - Fabric 4.78 4.21 3.8 3.65 3.25 2.93
Silk HA Roth 188 hr - Yarn 5.82 4.31 1.62 n.a. n.a. n.a.
Wool HA Roth 200 hr - Fibers 41.2 29.1 6.4 n.a. n.a. n.a.
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in completely dissolving of the textile-humic mixture, more quickly than releasing HSs from the
contaminated textile. Therefore, most of the protein-humic linkages are at least similarly strong as
the forces that keep the -helices (wool) or -sheets (silk) together (and thus soluble). Van Klinken
and Hedges (1995) noted this phenomenon for collagen-humic mixtures. In the case of wool, alkalis
act simultaneously on 3 bond types of the keratin: the peptide bond, the S-bridges, and the salt bonds
(Sibley and Jakes 1984). This causes fast decomposition of the wool. The fibroin silk fibers are also
susceptible to decomposition by alkalis and acids: alkali only breaks the bond between the last
amino acid and the rest of the polymer, while acids break the bonds between the amino acids on ran-
dom places in the polymer (Tímar-Balázsy and Eastop 1998).

The samples Beerlegem and Ieper could not be pretreated with NaOH. However, the slope decrease
can be explained by dissolution of fulvic acids during the 15-min sample treatment with Milli-Q
water in the ultrasonic bath, since fulvic acids are soluble in acid and alkaline solutions (Head 1987).

AMS Dating

The 14C-dated textiles can be divided in 2 groups (Table 4):

1. The first group consists of the textiles containing humic substances, proven by spectrofluores-
cence: Mainz 1, Mainz 2, Mainz 3, Mainz 4, Beerlegem, and Ieper;

2. The second group where no humic substances were detected: samples 1924-01, Bourelet, 1923-
02, and Hallstat 79429.

The 14C dates of the Mainz samples (Table 7) are older than the expected archaeological date for the
textiles based on the dated coins and the typochronologically dated Italic Samian pottery found in
association with the dated textiles (~5 BC) (Böhme-Schönberger and Mitschke 2005). Moreover, all
14C dates for the Mainz samples are very close to each other. This would indicate a uniform HS con-
tamination, even after pretreatment. The average 14C date of the 4 Mainz samples is 2116 ± 13 BP

Table 6 Spectrofluorescence slope values of analyzed archaeological samples, applied PMT detec-
tor voltage, and difference of slope values before and after 14C pretreatment. The slope was calcu-
lated using a linear fit (least squares) to the curve between 465 and 475 nm.

Sample name Slope
 PMT detector
voltage (V)

Slope difference between un-
treated and 14C pretreated sample

Mainz 1 untreated +4.37 950
Mainz 3 untreated +3.98 950
Mainz 2 untreated +5.44 950
Mainz 2 after 14C pretreatment +2.97 950 2.47
Mainz 4 untreated +3.73 950
Mainz 4 after 14C pretreatment +2.45 950 1.28
Beerlegem untreated +13.54 950
Beerlegem after 14C pretreatment +9.89 950 3.65
Ieper untreated +4.51 950
Ieper after 14C pretreatment +3.00 950 1.51
OS2562 untreated +2.15 950
OS24909 untreated +1.08 950
1924-01 untreated –1.16 650
Bourelet untreated –0.53 800
1923-02 untreated –1.03 650
Hallstat 79429 untreated –3.69 750
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(2 test: df = 3; T = 4.2(5% 7.8)). The difference of the average 14C date and the presumed archaeo-
logical (5 BC) date is 105 (68.2%) 175 BC; 50 (1.3%) 70 BC, 80 (94.1%) 200 at 95.4% probability.

From Table 7 above, the following conclusions can be made: 1) The difference is provoked by HS
contamination of the textiles and the 14C age is older than the expected archaeological date. 2) But
the presence of HSs is not always an indication for 14C contamination. In situ humification of the
material is not influencing the 14C date. An archaeological hypothesis is that the textile fragments
were used to fortify the bog ground when the Romans build their camp. Therefore, the use of older,
worn textiles is assumed and can also explain the calculated difference.

The wool of Ieper has been excavated from a watercourse. Two archaeological hypotheses can be
proposed: 1) Textile manufacturing started in the mid-13th century at that site (Haneca et al. 2009).
It is possible that the excavated wool was deposed in the watercourse during that period. In this case,
the 14C date is in agreement with this archaeological date (Table 7). However, fluorescence spectros-
copy proved the presence of HSs. In situ humification of the material can explain the presence and
the agreement between the 14C and the archaeological date. 2) Nevertheless, it is also possible that
the textile deposit occurred when a new port was built in AD 1290 (dendrochronological date of the
felling of an oak tree used in the construction, with bark still present, Haneca et al. 2009). Then, the
14C date is too old. This can be due to HS contamination and may explain the difference of the 14C
date and the dendrochronological date (AD 1290) that is between 5 and 70 yr (95.4% probability).

14C dating of wool or silk, showing HS presence by fluorescence analysis, does not aid archaeolo-
gists in clarifying the archaeological context where different archaeological considerations (e.g. in
Mainz and Ieper) can be made.

The 14C date of Beerlegem (AD 250–410 with 95.4% probability) is older than the archaeological
date (first half of the 7th century) (Table 7). The older 14C date confirms the HS contamination of the
textile analyzed by spectrofluorometry. The archaeological evidence and information suggest the
unreliability of the 14C date:

Table 7 14C age and calibrated age and presumed historical data of archaeological textile samples.

Sample name
Archaeo-
logical site Lab code

14C age
(BP)

Calibrated age
(2 )

Presumed histo-
rical date

Mainz 1 Mainz KIA-41534 2120 ± 25 340 (1.1%) 320 BC
210 (94.3%) 50 BC

5 BC

Mainz 2 Mainz KIA-41535 2075 ± 25 180 (94.5%) 30 BC 5 BC 
Mainz 3 Mainz KIA-41536 2145 ± 25 360 (23.7%) 290 BC

230 (71.7%) 90 BC
5 BC 

Mainz 4 Mainz KIA-41537 2125 ± 25 350 (4.6%) 320 BC
210 (90.8%) 50 BC

5 BC 

Beerlegem Beerlegem KIA-42365 1705 ± 30 AD 250 (95.4%) 410 AD 587
Ieper Ieper KIA-43347 750 ± 25 AD 1220 (95.4%) 1285 13th century AD
1924-01 Unknown KIA-40874 980 ± 20 AD 1010 (54.5%) 1060

AD 1080 (40.9%) 1160
AD 1000–1200

Bourelet Unknown KIA-39433 1675 ± 30 AD 250 (11.8%) 300
AD 320 (83.6%) 430

AD 200–450

1923-02 Unknown KIA-42114 1090 ± 30 AD 890 (95.4%) 1020 AD 700–1000
Hallstat 79429 Hallstat KIA-42750 2555 ± 30 810 (53.5%) 740 BC

690 (16.4%) 660 BC
650 (25.5%) 550 BC

800–400 BC



440 M Boudin et al.

1. The textile was found in a burial chamber. The features of the grave goods (glass beakers, an
urn, fragments of a bronze dish, beads, a golden ring, a bronze decorative disc, a silver necklace
with a bone pendant) date this grave to the first half of the 7th century AD and indicate that a
wealthy woman was buried in this chamber (Roosens 1959).

2. The felling date of a bottom plank of the grave was AD 587 ± 10, obtained by dendrochronol-
ogy (Roosens 1977).

3. The study of textile fragments resulted in spinning and weaving techniques with a great diver-
sity and demonstrated a high development degree of the Merovingian textile technique in Bel-
gium (Lefève 1959). 

4. The Merovingians arrived in Belgium in the second half of the 5th century (Wightman 1985).

The samples Beerlegem and Ieper could not be pretreated with NaOH to remove humic acids from
the fiber. 14C dating of these textiles can provide more unreliable results than textiles pretreated with
a NaOH wash. The fluorescence analysis of Mainz 2 and Mainz 4 before and after 14C pretreatment
showed that the solvent pretreatment with NaOH and HCl wash is not sufficient to remove all the
HSs in the textile sample (Table 6).

Therefore, we suggest to consider with care 14C dating of wool/silk that show HS presence when
undergoing fluorescence analysis. As a result, unreliable 14C dates can be provided. The 14C dates
of the samples 1924-01, Bourelet, 1923-02, and Hallstat 79429 (Grömer 2005), wherein no HSs
could be detected with fluorescence analyses, are in agreement with the determined archaeological
dates (Table 7).

CONCLUSION

The fluorescence spectrometry method is a quick and nondestructive prescreening method to detect
the presence of contaminant humic substances (HSs) in naturally (un)dyed wool and silk and gives
information about the reliability of the 14C dates. However, one must carefully consider wool/silk
samples wherein HSs are detected with fluorescence analyses for 14C dating, because the conven-
tional solvent pretreatment method with NaOH wash is in most cases not sufficient to remove all HS
contaminants. As a result, unreliable 14C dates can be provided.

Compound-specific 14C dating of individual amino acids (Van Klinken and Cook 1990; Tripp et al.
2006; McCullagh et al. 2010) of the silk/wool protein can be a potential method for dating proteinic
textiles showing HS contamination. However, the conventional pretreatment method yields reliable
14C dates of proteinic textiles, wherein no HSs were observed with spectrofluorescence.
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