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Abstract. A peat monolith representing up to 4,000 years of peat accumulation near Manchester,
England, was collected. Major and trace elements were analysed with XRF and for Cd and Pb in the
deeper samples with GF-AAS following acid digestion. Pb isotopic composition was measured with
TIMS and ICP-MS. The results show a pollution since the Roman Period due to local lead sources and
an increase in lead pollution in the last century due to lcaded gasoline as fingerprinted by Pb isotopic
signatures.

1. INTRODUCTION

England has a rich mining and industrial history. For example, Lee and Tallis investigated Pb
pollution history in peat bogs in Britain [1]. They assumed that the sources of Pb were
regional due to lead extraction and industries in the area since Roman Period.
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Figure 1. Map of Lindow Moss

With a view to determine the sources of Pb (i.e. local sources versus long range
atmospheric transport) in England, we studied the geochemistry of a peat monolith from the




|
|
f:%

740 - JOURNAL DE PHYSIQUE IV

Lindow bog, and analysed the isotopic composition of Pb. Lindow Moss is a famous
ombrotrophic peat bog in"the South of Manchester [2, 3] (cf. Figure 1) not far from the
Pennine peat bogs investigated by Lee and Tallis. Ombrotrophic peat bogs can be used as
archives of atmospheric metal deposition [4, 5|, especially for iead [6, 7] because the
inorganic constituents are only supplied by atmospheric deposition [8].

2. MATERIAL AND METHODS
2.1 Material

A monolith of peat (220cm) was sampled at Lindow Moss, a former raised bog, located to the
South of Manchester, Cheshire, England. Lindow Moss is well known due to the extensive
palaeoecological and archacological researches prompted by the discoveries of bog bodies
dating from the Iron Age or the Roman Period {2, 3, 9]. Because of the long history of peat
cutting at the bog, the top of the core had no living moss and it is not known how much of the
peat surface is missing,

2.2 Methods

The peat monolith was sectioned in 2cm slices, dried and milled. Metals (Cu, Zn, Pb in the
top of the core, Ti) and Sr concentrations were measured using X-ray fluorescence analysers
[10, 11]. Because of the relatively high limit of detection of XRF (0,6ppm), Pb was also
analysed with Graphite Furnace Atomic Absorption Spectrometry (GF-AAS) following acid
HNO;-HBF4-H0; microwave digestion [12]. Cd concentrations were measured following a
similar procedure,

The same liquid aliquots obtained after digestion were measured for Pb isotopes on TIMS
at the Institute of Environmental Geochemistry, Heidelberg and with the Micromass Isoprobe
ICP-MS at the Imperial College/Natural History Museum joint analytical facility, London,
using standard procedures for Pb isotopes geochemistry [13-15].

The bottom of the core was '*C age dated: 2033 (+14) B.C.

3. RESULTS AND DISCUSSION
3.1 Metals concentration profiles

peat
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The Sr, metals concentrations and metal en[:ii/clzh]m?factors (EF):
€
[Ti

are shown on Figure 2.

The Sr concentration profile suggests two distinct depositional environments: the
deeper part (-220cm, -130cm) with high concentrations influenced by mineral dissolution and
the upper part (-130cm,surface) with low Sr concentrations only influenced by atmospheric
inputs.

Pb and Cu profiles show similar features with a very high peak (>500ppm for Pb) in
the top of the profile. However, lower in the monolith, while the concentrations of Pb arc
remarkable, Cu concentrations are less prominent and approach the limit of detection for XRF
(1,5ppm). In the same way, Cd and Zn profiles show similar features, which suggests they
have identical sources and the same chemical behaviour in peat.
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fP the Figure 2. Sr, metals concentrations and enrichment factor profiles from Lindow Moss, the crustal ratios are
taken from [16].
Unfortunately, up to now, no clear evidences of the immobility of Zn, Cd and Cu in
peat has been demonstrated and we may interpret the Pb record with any confidence [4].
We will then focus the rest of the discussion on Pb concentration and isotopic
 the composition.
'sers
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Figure 3. a) Pb concentration and isotopes profiles, b) Pb isotopes ratios on a 2*Pb/2*Ph vs. 2%pp/7pp, diagram
he p
nd (squares: peat samples, COAL data from [17]. HPD: “High Peak district ores” and AE: “Alderley Edge ores™
. from [18} and leaded gasoline (1994) from[19], also included SN: natural, background Pb (preanthropogenic)
ne from [6, 20, 21]).

in We do not yet have ''C ages of these three peaks, but there is good stratigraphic
re evidence (known as Grenzenhorizont) compared to other dated profilcs in the bog [3] that
tF they could be respectively assigned to the Roman Period, Medieval Period and Recent Period.
: This is in good agreement with other archives in Europe [22] and with the study of Lee and

Tallis [1]. But what are the main sources of atmospheric Pb in England? This could be
answered by study of Pb isotopes measured in the samples compared to the possible sources
of lead in England [17-19).
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Figure 3b) is a giagram ***Pb/%°Pb vs. 2%Pb/”*’Pb representing Pb isotopes ratios
measured in peat samples, and in three of the major sources of Pb in the atmosphere: coals, Pb
ores and leaded gasoline. In Figure 3b), we can see how it is difficult to distinguish coals and
lead ores signatures. During the Roman Period, coal was surely not the most important source
of atmospheric lead, but during the Medieval Period and moreover during the Industrial
Revolution, Pb emitted by coal combustion was probably significant. However, in this case
there are two mines within 30km, which produce Pb and which have been in near continuous
production since ancient times, which must be a major source of Pb identified in this studg.

In the top of the core, the decrease in Pb is correlated with a decrease in 2°°Pb/*""Pb.
The shift in Pb isotope ratios to less radiogenic values probably reflects not only the declining
importance of Pb emissions from coal burning and industry (since 1900 for coal, since 1940
for Pb ores [23]), but also the increasing emissions of gasoline Pb compounds manufactured
using Australian Pb ores. Thus locally, the Pb pollution due to mining and industrial activities
was more important than pollution due to leaded gasoline.
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