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a b s t r a c t

Mercury (Hg) concentration profiles and historical accumulation rates were determined

in three 210Pb-dated cores from a peat deposit in the vicinity of a lead (Pb) smelter at

Přı́bram, Czech Republic. The Hg concentrations in peat samples ranged from 66 to

701 mg kg�1. Cumulative Hg inventories from each core (for the past �150 yr) varied by a

factor of 1.4 (13.6–18.5 mg Hg m�2), indicating variations of net Hg accumulation rate

within the peat deposit. Historical changes in vegetation cover (leading to variable

interception by trees) are probably responsible for this variation in space and time.

The uncorrected Hg accumulation rates peaked between the 1960s and 1980s (up to

226 mg m�2 yr�1). Recent findings show that Hg records from peat tend to overestimate

historical levels of Hg deposition. Therefore we used the mass loss compensation factor

(MLCF) to normalize Hg accumulation rates. These corrected Hg accumulation rates were

significantly lower (maximum 129 mg m�2 yr�1) and better corresponded to changes in

historical smelter emissions, which were highest in the 1960s. The agreement between

the corrected Hg accumulation rates in the uppermost peat sections (2–38 mg m�2 yr�1)

and biomonitoring of atmospheric deposition by mosses in several recent years

(4.7–34.4 mg m�2 yr�1) shows the usefulness of MLCF application on Hg accumulation in

peat archives. However, the MLCF correction was unsuitable for Pb. The recent Pb

deposition rates obtained by an independent biomonitoring study using mosses

(0.5–127 mg m�2 yr�1) were better correlated with net Pb accumulation rates recorded

in peat (7–145 mg m�2 yr�1) than with corrected rates obtained by the MLCF approach

(1–28 mg m�2 yr�1).

& 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Mercury (Hg) is one of the most studied inorganic
contaminants due to its pathogenic effects on biota,
including humans. The ore mining and processing are
important point sources of Hg for the atmosphere.
Numerous studies have focused on Hg distribution and
All rights reserved.
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speciation in environmental samples in the vicinity of
Hg-mining areas, but relatively few have investigated Hg
distribution in the environments contaminated by base
metal smelters, where Hg is only a minor contaminant
(Rieuwerts and Farago, 1996; Henderson et al., 1998;
Rieuwerts et al., 1999; Ettler et al., 2007). Although
ombrotrophic peat is generally used as the most reliable
archive of historical atmospheric deposition of contami-
nants (Roos-Barraclough et al., 2006; Shotyk et al., 2003;
Bindler, 2003; Givelet et al., 2003), minerotrophic peat has
also been used for this purpose (Monna et al., 2004; Baron
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et al., 2005). Peat records of historical metal deposition in
the vicinity of the smelters are still rare in the literature
(Sonke et al., 2003; Rausch et al., 2005; Mihaljevič et al.,
2006; Klaminder et al., 2008).

Recently, the use of peat archives to reconstruct the
effect of anthropogenic Hg emissions on Hg deposition/
accumulation is widely discussed (Bindler, 2003, 2006;
Biester et al., 2002, 2003, 2007; Roos-Barraclough et al.,
2002, 2006; Bindler, 2006). Biester et al. (2007) suggested
that numerous processes of Hg retention, migration and
loss in peat are still poorly understood. Many recent
papers discuss different reasons for possible overestima-
tion of calculated Hg accumulation rates in peat. One is
mass loss from highly decomposed peat layers, compared
to younger, less decomposed peat layers (Biester et al.,
2002, 2003). A method of correction of Hg accumulation
rates using the mass loss compensation factor (MLCF) was
proposed by Biester et al. (2003). The second reason for
the overestimation of Hg accumulation rates is related to
inaccurate dating of peat. Biester et al. (2007) showed that
smearing of 210Pb in the uppermost peat (acrotelm) could
lead to underestimation of peat ages and subsequently to
overestimation of metal accumulation rates in peat.
Because of within-bog variability, some studies suggest
analysis of multiple cores to determine the variation
in historical accumulation of contaminants in the peat
(Bindler et al., 2004; Bindler, 2006; Rothwell et al.,
2007).

This paper describes the Hg concentration profiles and
accumulation rates in the vicinity of a lead (Pb) smelter at
Přı́bram (Czech Republic), which has been in operation for
over 200 yr, using three 210Pb-dated peat profiles. The
accumulation rates of Hg are compared with those of
Pb—another organically bound contaminant. The correc-
tion of Hg and Pb accumulation rates for peat decom-
position is discussed in relationship to known production
of the local mines and smelter and with recent deposition
biomonitoring using mosses. These data are the first
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Fig. 1. Location of sampled peat deposit, smelter
contribution to the knowledge of the historical and recent
Hg deposition/accumulation in the Czech Republic.

2. Materials and methods

2.1. Sampling

Three cores were retrieved in November 2003 at a peat
deposit at the Brdy Hills, approximately 10 km W of the Pb
smelter and 12 km WNW of the main polymetallic mining
area in Přı́bram (Fig. 1), Czech Republic. The distance
between the individual cores was �700–1000 m (details
given in Mihaljevič et al., 2006). The vegetation was
dominated by Sphagnum mosses and Carex species and
the peat deposit was surrounded by Norway spruce
(Picea abies). The cores were taken using a PVC cylinder
(10 cm in diameter) with a sharpened bottom edge.
Insertion of cylinder was facilitated by cutting the peat
with a sharp stainless-steel knife and special care was
taken to minimize compaction. Each core was frozen and
sawn into 2 cm sections. The individual sections were
weighed prior to and after drying to calculate the peat
density. Drying was performed at laboratory temperature
and each section was homogenized in an agate mortar
prior to further processing.

2.2. Dating of peat samples

The peat cores were dated using 210Pb a spectrometry
after acid digestion of peat samples (Vile et al., 1995). The
detailed information on chemical preparation of peat
samples is given in Mihaljevič et al. (2006). The a activity
was measured by a Canberra series 10 Plus multichannel
analyzer, a Canberra PIPS 450 mm2 semiconductor detec-
tor, and an Ortec 142A preamplifier (counting time
between 7 and 26 h according to the activity of individual
samples). The age of individual peat samples was
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calculated according to the ‘‘constant rate of supply’’ (CRS)
model developed by Appleby and Oldfield (1978). The
deviations in the individual determinations include both
standard deviation (SD) of the measurement and errors
incurred through application of the CRS model to the
individual data. The relative standard deviations (RSD)
of the individual data were calculated according to the
propagation error law.

2.3. Analysis of Hg and other components

Analysis of total Hg in individual samples was
performed by cold-vapor atomic absorption spectrometry
(CV-AAS) using a LECO Altec AMA 254 Hg analyzer under
standard analytical conditions recommended by the
manufacturer for solid samples (10 s drying time, 300 s
decomposition time). The Hg determinations of each peat
sample were performed in triplicate, yielding smallRSD of
o4%. Quality control of Hg measurements was ensured by
the analysis of QCM1 standard reference material (SRM)
‘‘River sediment 1’’ (manufacturer Analytika Praha Ltd.,
Czech Republic). Repeated measurements yielded 15607
20mg Hg kg�1 (n ¼ 3), corresponding well to the certified
value of 15507140 mg Hg kg�1.

Total organic carbon (C) and total nitrogen (N) were
determined using a Thermo Sison 1108 Elemental Analy-
zer (Thermo, USA) under standard analytical conditions.
The quality of C and N measurement was checked by
repetitive analysis of a acetanilide standard, with an
erroro2%.

Peat samples were mineralized by dry ashing in a Linn
(Germany) programmable furnace (sample: 0.5 g, max-
imum temperature: 450 1C, step temperature increase:
1 1C min�1). The ash was subsequently dissolved in
mineral acids (HF, HClO4, HNO3) and transferred to
100 ml HDPE bottles (Azlon, UK). The stock solution was
diluted to obtain 2% solution (v/v) HNO3 and analyzed for
Fe by FAAS (Varian 280 FS, Australia) and for Pb by ICP-MS
(VG Elemental Plasma Quad 3, UK) under standard
analytical conditions. Peat samples were analyzed for
the content of Pb (as an additional contaminant for the
comparison purposes) and Fe, being recognized as
indicator of Fe-oxide presence responsible for Hg enrich-
ments in minerogenic fens (Franzen et al., 2004). The
quality control of the dissolution and analytical proce-
dures was verified by standard reference materials (NIST
1575, Pine needles and NIST 1515, Apple leaves).
The differences between measured and certified values
did not exceed 5% RSD.

2.4. Calculation of annual Hg accumulation rates

The Hg accumulation rates (ARHg) were calculated
according to the methodology proposed by Givelet et al.
(2003): e.g.,

ARHg ¼ 10� ½Hg� � BD� PAR (1)

where ARHg is the net accumulation rate of Hg
(mg m�2 yr�1), [Hg] is the Hg concentration (in mg kg�1),
BD is the bulk density of the peat (g cm�3) and PAR is the
net peat accumulation rate (cm yr�1). PAR was calculated
using ages of individual peat layers.

Humification may have a significant effect on Hg
accumulation in peat (Biester et al., 2003, 2007). Conse-
quently, the MLCF was calculated for individual peat
horizons to correct the net Hg accumulation rates. The
MLCF is useful for normalization of peat accumulation
rates to the same degree of humification by referring the
C accumulation rates of individual peat segments to
reference sections of highly humified peat at the bottom
of cores. The calculation of MLCF was performed accord-
ing to Biester et al. (2003)

MLCF ¼ ðARCref=ARCiÞ (2)

where ARCref is the carbon accumulation in the reference
section (g m�2 yr�1) and ARCi is the carbon accumulation
in the studied peat section i (g m�2 yr�1). The net Hg
accumulation rates calculated by Eq. (1) were multiplied
by the MLCF value for each section to obtain the corrected
values of Hg accumulation in peat.

3. Results and discussion

3.1. Dating of peat cores

The 210Pb activities and ages of individual peat layers
are reported in Table 1. For all three cores total 210Pb
activities varied in the range 0.017–0.578 Bq g�1 and
showed a general decreasing trend with the depth. The
local maxima in depths of 5–8 cm may result from
the downward leaching and accumulation of 210Pb in the
acrotelm (uppermost peat), which was suggested at
numerous peat deposits (see Biester et al., 2007 and
references therein). This phenomenon may be responsible
for possible errors in dating of the uppermost peat layers
whose ages are then underestimated (Biester et al., 2007)
leading to overestimation of the accumulation rate.

Calculation of supported 210Pb activity was based on
means of peat segments in the bottom parts of individual
cores (Table 1). In some deeper segments the calculated
unsupported 210Pb activities were slightly negative (i.e.,
supported 210Pb activity used as a reference value was
higher than total 210Pb activity in a given horizon); this
probably indicates that supported 210Pb activity varied in
time (Appleby, 2008). To overcome this problem the
gamma spectrometric indirect measurements of sup-
ported 210Pb activity in each peat segment would be
useful (Sonke et al., 2003; Roos-Barraclough et al. 2006).
For calculation of cumulative inventories of unsupported
210Pb activities, the negative values were set to zero.

3.2. Concentration profiles of Hg and other elements

The profiles for Hg, Pb, Fe and C concentration, peat
density, ash content, and values of Hg�N/C and C/N
are reported in Fig. 2. Lower C concentration (Fig. 2f) and
higher ash content (Fig. 2h) compared with ombrotrophic
peat indicate that the peat profiles are minerogenic below
12–14 cm (Fig. 3e). The minerogenic character of the
studied peat profiles is also confirmed by significantly
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Table 1
Depth profiles of total and unsupported 210Pb activities (Bq g�1) and ages of the individual peat sections

Section (cm) Core 1 Core 2 Core 3

Total 210Pb

(Bq g�1)

Unsupported
210Pb

(Bq g�1)a

Date (year,

SD)

Total 210Pb

(Bq g�1)

Unsupported
210Pb

(Bq g�1)a

Date (year,

SD)

Total 210Pb

(Bq g�1)

Unsupported
210Pb

(Bq g�1)a

Date (year,

SD)

0– 2 0.362 0.343 200370 0.412 0.378 200370 0.445 0.424 200370

2– 4 0.358 0.339 200171 0.367 0.334 200171 0.359 0.337 200072

4– 6 0.422 0.404 199971 0.425 0.392 199971 0.578 0.556 199673

6– 8 0.531 0.512 199672 0.428 0.395 199572 0.247 0.225 198473

8– 10 0.389 0.371 199173 0.356 0.323 199272 0.205 0.184 197973

10– 12 0.317 0.299 198773 0.273 0.240 198773 0.128 0.107 197374

12– 14 0.289 0.270 198174 0.303 0.269 198373 0.146 0.125 196575

14– 16 0.263 0.245 197375 0.220 0.187 197676 0.116 0.094 195275

16– 18 0.202 0.183 196476 0.176 0.143 1959710 0.090 0.069 194378

18– 20 0.175 0.156 195278 0.079 0.046 1933713 0.116 0.095 193378

20– 22 0.096 0.077 1935711b 0.042 0.009 1906715 0.026 0.004 1914713

22–24 0.062 0.043 1921714 0.032 �0.001c 1894717 0.021 0.000 1903713b

24–26 0.036 0.017 1909719 0.028 �0.006c 1866724b 0.019 �0.002c 1888717

26–28 0.052 0.033 1890719 0.037 0.004 1838725 0.074 0.052 1872714

28–30 0.023 0.005 1872724 0.034 0.0003 1807733 0.023 0.001 1855720

30–32 0.017 �0.002c 1852729 0.036 0.003 1774737 0.023 0.001 1837721

32–34 0.022 0.003 1830735 0.044 0.010 1738734

34–36 0.017 �0.001c 1807740 0.041 0.008 1699746

36–38 0.040 0.007 1658754

a Calculated from total 210Pb activities by subtracting supported 210Pb activity (core 1: 0.0186 Bq g�1 as mean of sections 30–36 cm; core 2:

0.0334 Bq g�1 as mean of sections 22–32 cm; core 3: 0.0216 Bq g�1 as mean of sections 24–26 cm and 28–32 cm).
b Dates in italics estimated by extrapolation.
c Negative unsupported 210Pb activities were considered as 0 when cumulative unsupported 210Pb activity was calculated.
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higher bulk peat density in the bottom of studied peat
cores (often 40.2 g cm�3 below a depth of 20 cm) (Fig. 2d).

The C/N ratios can be used as an indicator of the peat
humification degree; peat sections with higher C/N ratio
indicate lower peat humification (Malmer and Holm,
1984; Biester et al., 2003). For cores 1 and 2 the C/N
ratios are generally lower in the deeper parts of the cores,
indicating higher degree of humification in these sections
(Fig. 2g). Correction of Hg concentrations to N/C ratios (N
is more variable than C, Biester et al., 2003) shows trends
similar to the uncorrected Hg concentration profiles
(Fig. 2e).

The Hg concentration ranges from 66 to 701mg kg�1.
The concentrations in the individual peat horizons are
enriched in Hg with respect to local bedrock (Cambrian
graywackes, conglomerates and arkoses), which contains
31711mg Hg kg�1 (Fig. 2a). All profiles have a subsurface
maximum, but there are differences in Hg concentration
among the three cores (Fig. 2a). Core 1 has a large
concentration peak between 8 and 30 cm (up to
433mg Hg kg�1). A sharp peak in Hg concentration occurs
in core 2 from 16 to 18 cm (701mg Hg kg�1) with another
maximum from 24 to 26 cm (400 mg Hg kg�1). Core 3
has one concentration maximum from 12 to 14 cm
(404 mg Hg kg�1) (Fig. 2a).

The Pb and Hg concentration profiles are similar in
trend (Fig. 3b) and are positively correlated (R2

¼ 0.62). In
contrast, significantly different concentration patterns
occur for Fe (Fig. 2c). Enrichment in subsurface peat layer
occurs for cores 1 and 3 related probably to the fluctuation
of water table or downward migration in the root zone
(Franzen et al., 2004). Core 2 has a maximum Fe
concentration in section from 17 to 25 cm. This section
of the core also exhibits lower C concentrations (higher
ash content) and is enriched in other lithogenic elements
such as Zr and Ti suggesting input of lithogenic material
(data not shown, see Mihaljevič et al., 2006). However, the
Fe concentrations in the peat cores are far lower than
those in minerogenic peats at other sites (e.g., up to about
25% in peat from Magellanic Moorlands, Chile) where Fe is
proposed to have and effect on mobility of Hg (Franzen
et al., 2004).
3.3. Hg inventories

The Hg concentration profiles and cumulative Hg
inventories plotted against the cumulative peat mass are
shown in Fig. 3. Changes of Hg concentrations above the
cumulative peat mass value of �4 g cm�2 are relatively
consistent for all three cores (Fig. 3a). Cumulative Hg
inventories for all three cores versus cumulative peat
mass are almost identical in the upper part of each profile,
but differ significantly below the cumulative peat mass of
�4 g cm�2 (Fig. 4b). The selected ‘‘equivalent point’’ in
peat with cumulative peat mass of 5.6670.09 g cm�2

(depth 28–30 cm) corresponds to an inventory of Hg
deposited during past �150 yr (dates for individual
profiles are: 1872724, 1807733 and 1855720). Cumula-
tive Hg inventories representing the past �150 yr are 14.8,
18.5 and 13.6 mg Hg m�2 for peat cores 1, 2 and 3,
respectively. Mercury inventories from three cores within
the same peat deposit therefore vary by factor of 1.4.
Similarly, cumulative Hg inventories were plotted against
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Fig. 2. Concentration profiles of Hg, Pb, Fe, C and Hg�N/C and C/N, density and ash content in peat cores.
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cumulative unsupported 210Pb inventories and 95% of
cumulative 210Pb inventory was used as an ‘‘equivalent
point’’ (Malmer and Holm, 1984) (Fig. 3c). The cumulative
unsupported 210Pb inventory was calculated according to
Sonke et al. (2003)

Ainventory ¼
X
ð
210PbÞi � di � ri (3)

where (210Pb)i is the unsupported 210Pb activity (Bq g�1) in
peat section i, di is the thickness of section i (cm), and ri is
the bulk density of section i (g cm�3). Here again the Hg
inventories vary between 8.5 and 11.6 mg Hg m�2, i.e. by
the same factor of 1.4 (Fig. 3c). Such within-peat
variations occur in the literature; they are explained as
caused by differences or changes in vegetation (tree
canopies or microtopography in open bogs), which can
locally increase the atmospheric deposition of Hg (Norton
et al., 1997; Bindler et al., 2004; Bindler, 2006; Coggins
et al., 2006). Similarly high inventories of Hg were also
observed in the mor layer close to a smelter (Rönnskär,
northern Sweden), with values up to 7.5 mg Hg m�2,
indicating a nearby point pollution source (Klaminder
et al., 2008). Mercury inventories from other European
peat sites are significantly lower, indicating probably more
distant sources of contamination: 2.04–3.67 mg Hg m�2

(last 76–113 yr) in Ireland (Coggins et al., 2006),
0.85–3.4 mg Hg m�2 (last 110 yr) in Sweden (Bindler
et al., 2004), 0.21–1.11 mg Hg m�2 (last 100 yr) in Norway
(Steinnes and Sjøbakk, 2005).
3.4. Uncorrected and corrected Hg accumulation rates

Due to the relatively shallow and young peat (see for
example low C contents in the bottom of peat core 1), it
was not possible to evaluate pre-industrial (background)
Hg fluxes. It is probable that long-term ore mining and
processing in the Přı́bram district undoubtedly elevated
the historical bulk Hg accumulations recorded in three
peat profiles in comparison with other peat deposits in
remote areas (e.g., Bindler, 2003, Biester et al., 2003). This
influence can be implied from the fact that even the
deepest horizons of peat cores (with high ash content)
yield significantly higher Hg concentrations compared to
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the local bedrock (�30mg Hg kg�1). It is however impor-
tant to stress that deeper parts of studied profiles are
minerogenic and relatively high Hg contents (first hun-
dreds of mg kg�1) were also observed in minerogenic peats
even at remote sites (e.g., Franzen et al., 2004).

All three peat cores show similar trends in uncorrected
Hg accumulation with the highest peaks in the subsurface
peat sections corresponding to ages between the 1960s
and 1980s (Fig. 4). Core 1 is characteristic with the local
maximum of net Hg accumulation in the depth 32–34 cm
(dated to 1830735) corresponding probably to a litho-
genic enrichment (98mg Hg m�2 yr�1), and a steep in-
crease up to 225 mg Hg m�2 yr�1 at a depth of 10–12 cm
(dated to 198773). Enrichment also occurs in the upper-
most peat section of this core (131mg Hg m�2 yr�1). Core 2
exhibits a local maximum between 1880 and 1920 (depth
20–26 cm), which might correspond to a peak in the
polymetallic ore mining in the Přı́bram district (Fig. 4).
The maximum net Hg accumulations in the range of
144–150mg Hg m�2 yr�1 were observed in this core in
section dated to 1959710 to 197676 (depth 14–18 cm).
The uppermost horizon of core 2 had a net Hg accumula-
tion rate of 58mg Hg m�2 yr�1. For core 3, a local maximum
in net Hg accumulation rate occurred between 1860 and
1880, followed by a steep increase after 1940, attaining
the value of 226 mg Hg m�2 yr�1 at a depth 10–12 cm
dated to 197374. As for the other cores, the surface
peat sections have a high Hg accumulation rate
(61–98mg Hg m�2 yr�1) (Fig. 4). Even higher peaks of Hg
accumulation rates were found in peat cores and
O-horizons of forest soils in the vicinity of a smelter in
northern Sweden. There, Hg accumulation rates reached
360mg m�2 yr�1 (Klaminder et al., 2008). This peak
corresponded in time to the highest smelter production
in the early 1970s. A significant increase of Hg accu-
mulation rates in the uppermost peat layers observed in
our cores may be an artifact resulting from underestima-
tion of ages by 210Pb chronology and subsequent over-
estimation of Hg fluxes (Bindler, 2006; Biester et al.,
2007).

Numerous researchers have recently suggested that
the net Hg accumulation rates might be unrealistically
high (Biester et al., 2002, 2003, 2007; Bindler, 2006). Due
to concerns about peat mass decomposition and its effect
on quantitative records of Hg in peat (Biester et al., 2003;
Bindler, 2006) we applied MLCF. Although the selection of
reference sections seems to be somewhat arbitrary, the
C/N ratio of reference samples is probably the most
important parameter describing the degree of humifica-
tion. Malmer and Nils (1984) found that surface peat
layers with low degree of humification generally exhibit
the C/N ratios 435, whereas highly humified peat exhibits
the C/N ratios between 20 and 35. Thus, for the calculation
of MLCF, the reference sections from the catotelm (high-
humified peat) corresponding to a depth 28–30 cm were
selected. In core 1, the section with C/N ratio 21.9 was
dated to 1872724 and was selected because deeper
sections exhibited significantly lower C contents, probably
due to high contribution of lithogenic material. In cores 2
and 3, the selected reference sections were dated to
1807733 and 1855720 and have C/N ratios 21.6 and 43,
respectively. The C/N ratios in core 3 showed a C-shape
pattern (Fig. 2g) indicating probably changes of humifica-
tion in peat profile (a similar phenomenon was observed
by Biester et al., 2003). As deeper sections in this core
exhibited even higher C/N ratios, the section at a depth
28–30 cm with the C/N ratio of 43 was selected as
reference. An example of calculation of uncorrected and
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Fig. 4. Uncorrected and corrected Hg accumulation trends (mg m�2 yr�1), Pb accumulation trends (mg m�2 yr�1) and Pb production and emissions at

Přı́bram. Correction of accumulation rates on basis of Biester et al. (2003).
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Table 2
Example of calculation of uncorrected and corrected Hg and Pb accumulation trends in peat core 2

Section

(cm)

210Pb date

(yr7SD)

Interpolated

datea (yr)

C accumulation rate

(g m�2 yr�1)

MLCFb Hg accumulation rate Pb accumulation rate

Uncorrected

(mg m�2 yr�1)

Corrected

(mg m�2 yr�1)

Uncorrected

(mg m�2 yr�1)

Corrected

(mg m�2 yr�1)

0– 2 200370 2002 383 0.16 58.2 9.0 9.8 1.5

2– 4 200171 2000 154 0.39 28.2 10.9 7.5 2.9

4– 6 199971 1997 141 0.42 23.0 9.7 8.4 3.5

6– 8 199572 1993.5 130 0.46 22.3 10.2 9.1 4.2

8– 10 199272 1989.5 126 0.47 31.2 14.7 10.2 4.8

10– 12 198773 1985 142 0.42 44.5 18.7 17.0 7.1

12– 14 198373 1979.5 131 0.45 59.2 26.8 47.8 21.6

14– 16 197676 1967.5 109 0.54 150 81.9 117 63.5

16– 18 1959710 1946 66 0.89 144 129 88.6 79.2

18– 20 1933713 1919.5 54 1.10 102 113 106 116

20– 22 1906715 1900 87 0.68 120 82.2 156 107

22– 24 1894717 1880 87 0.69 128 87.9 112 76.7

24– 26 1866724 1852 64 0.93 75.8 70.6 29.0 27.0

26– 28 1838725 1822.5 46 1.29 47.5 61.0 31.6 40.7

28– 30 1807733 1790.5 59 Reference 48.6 46.6

a Date of the bottom of each peat section (calculated according to Vile et al., 1995).
b MLCF– mass loss compensation factor (calculated as a ratio of C accumulation in a reference section and that in a given section, according to Biester

et al., 2003).
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corrected Hg (and Pb) accumulation rates using the MLCF
approach is reported in Table 2.

The corrected Hg accumulation rates were obtained for
a period at least 130 yr. The corrected Hg accumulation
rates in core 1 significantly decreased in comparison with
the uncorrected values (by a mean factor of 4.3). A slight
increase of Hg accumulation rate was observed after 1920
with a peak between 1973 and 1987 (maximum value of
48mg Hg m�2 yr�1) (Fig. 4). Cores 2 and 3 show a very
consistent record of Hg accumulation with highest values
in late 1950s and 1960s (core 2: 128 mg Hg m�2 yr�1; core
3: 118 mg Hg m�2 yr�1). Significantly lower, corrected Hg
accumulation rates in the case of core 1 (compared to
cores 2 and 3) can be related to higher C accumulation
rates (mean values are 197, 123 and 152 g m�2 yr�1 for
cores 1, 2 and 3, respectively, in segments where the
correction was applied). This is also manifested by
significantly higher cumulative peat mass for this core
(Fig. 3). The within-deposit variability in C accumulation
is a common phenomenon, observed at numerous sites
(e.g., Ohlson and Økland, 1998). This can be related to the
sampling position of core 1 within the peat deposit
(Fig. 1); it is located close to the forested area and higher
C accumulation rates might be related to higher input
of the organic material from the tree canopies.
3.5. Comparison with Pb accumulation, smelter production

and biomonitoring

The MLCF correction has the same effect on Pb
accumulation rates (Fig. 4). This approach is questionable
for Pb, because some recent studies showed that Pb
concentrations in peat are less related to degree of peat
decomposition than Hg concentrations. For example, the
data from Dumme Mosse in Sweden show that Hg is
strongly correlated with C/N (R2

¼ 0.67) (C/N ratio is used
as a proxy of decomposition, where lower ratios indicate
higher degree of peat decomposition). In contrast, Pb
exhibited no relationship to the C/N ratio (Bindler, 2006).
The same comparison for our cores show low correlation
with C/N for both elements, but slightly better for Hg (Hg:
R2
¼ 0.32; Pb: R2

¼ 0.21). It could be that C is lost from
peat as methane, CO2, or dissolved organic carbon and
some elements strongly bound to organic material (such
as Hg, which can be volatilized) are related to this loss
(Bindler, 2006).

Although smelter-derived Hg emission rates are un-
known, the maxima of corrected Hg accumulation rates
better correlate with the evolution of Pb emissions than
uncorrected Hg accumulation rates do. The Pb emissions
from the smelter were reported since 1969 only, when they
reached 624 t Pb yr�1. The Pb emissions sharply declined
after 1969, with one maximum in 1982 (259 t Pb yr�1), and
reached 0.99 t Pb yr�1 in 2003 (Mihaljevič et al., 2006;
www.kovopb.cz). The significant decrease of Pb emissions
from the smelter was related to the improvement of
flue-gas cleaning technologies, which may have affected
Hg similarly.

Direct measurements of Hg deposition fluxes are
unavailable. We compared our results with recent deposi-
tion studies using mosses. The Přı́bram district has the
highest Hg concentration in forest floor humus for the
Czech Republic (Suchara and Sucharová, 2002). Biomoni-
toring studies (Sucharová and Suchara, 2004), using the
moss species Pleurozium schreberi, estimated that the Hg
deposition rates in the Přı́bram area ranged from 4.7 to
34.4 mg m�2 yr�1 in 1999. Such values fit well within the
net corrected (for C accumulation rates) accumulation
rates of Hg obtained from the studied peat profiles
(2–38 mg Hg m�2 yr�1 between 1996 and 2003; Fig. 4).
The same biomonitoring study showed that Pb deposition
rates in the area (0.5–127 mg m�2 yr�1 in 1999) fit better
with our uncorrected accumulation rates obtained from

http://www.kovopb.cz
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peat cores (7–145 mg m�2 yr�1 between 1996 and
2003) than with the MLCF-corrected values (1–28
mg m�2 yr�1).

Regardless of possible overestimation of accumulation
rates in the uppermost sections due to 210Pb smearing,
and thus underestimation of peat ages (Biester et al.,
2007), it seems that the MLCF approach for correction of
metal accumulation rates in peat may be applicable in
some cases. It appears applicable for Hg but probably
not for Pb. The application of this approach originally
developed for ombrotrophic peat bogs should be tested
further on other minerogenic sites. Further investigation
of biogeochemical processes of Hg cycling (accumulation,
retention, and release) in peat is necessary to interpret
satisfactorily the historical Hg deposition rates in this type
of archive.
4. Conclusion

Three 210Pb-dated cores from a peat deposit 10 km
from the Pb smelter at Přı́bram (Czech Republic) were
studied to determine historical Hg accumulation rates in
an area affected by historical ore mining and smelting. The
Hg concentrations in peat ranged from 66 to 701mg kg�1.
Using the Hg accumulation rates corrected to mass loss
(Biester et al., 2003), the peat cores provided a record of
Hg deposition/accumulation better corresponding to the
historical evolution of mining/smelting activities than the
uncorrected Hg accumulation trends. These corrected Hg
accumulation rates also correspond better to deposition
rates derived from moss biomonitoring. Cumulative Hg
inventories back to �1850 from individual cores varied by
40%, probably because of variability in Hg deposition and
accumulation related to the effects of vegetation on
interception of Hg from the atmosphere and differences
in C accumulation rates. This study emphasizes the
necessity of multiple sampling at peat deposit and dating
more than one peat core to reconstruct correctly the
contaminant deposition/accumulation in the vicinity of
smelting sites.
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