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Summary

The binding and availability of metals (Al, Ca, Cd, Cr, Cu, Fe, Mg, Mn, Ni, Pb) in therapeutically applied peat

was characterised by means of a versatile extraction approach. Aqueous extracts of peat were obtained by a stan-

dardized batch equilibrium procedure using high-purity water (pH 4.5 and 5.0), 0.01 mol/L ethylenediaminete-

traacetic acid and 0.01 mol/L diethylenetriaminepenta-acetic acid solution as metal extractants. Metal

determinations were performed by atomic spectrometry methods and dissolved organic matter (DOM) was char-

acterised by UV/VIS. Of the extractants studied Ca, Mg and Mn were the most available metals, in contrast to

peat-bound Fe and Al. A pH increase favored the extraction of metals and DOM from peat revealing complex ex-

traction kinetics. Moreover, a competitive exchange between peat-bound metal species and added Cu(II) ions

showed that >100 mg of Cu(II) per 50 g wet peat were necessary to exchange the maximum of bound metals.
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Introduction

Natural peats are continuously formed by complex
microbiotic humification processes of plant residues over
thousands of years (Marthur and Farnham, 1985). There
are about 500 million hectares of peatlands in the world
(nearly half of Europe area), which are estimated to
contribute about 0.7 billion (10'?) tons of refractory organic
carbon in the environment (Bramryd, 1980). Due their
high content of humin, humic acids (HA) and fulvic acid
(FA), peats exhibit favorable chemical-physical properties
enabling their application in various technical areas, for
instance wastewater treatment (Brown ez al, 2000),
pollution monitoring (Viraraghavan and Rana, 1991), fuel
production (Hatcher ez a/., 1983), enzyme immobilization
(Rosa et al., 2000),horticulture growing media, as well as in
veterinary and human medicine.

According to some speculations the medical and
veterinary effects of peat are probably associated with their
high content of humic substances (HS) and humic-bound
metal species (Klocking, 1994). As yet, the natural
enrichment of metals in balneological peats and their
possible (bio)-availability during peat therapy has scarcely
been investigated, except for Beer ez al. (2000) having
studied the possible uptake of heavy metals by patients pre-

treated by peat mush baths and peat tampons, respectively.
At best, heavy metals in medically applied peats and their
aqueous extracts have occasionally been characterised
(Burba ez al., 2001a). For this purpose, improved metal
speciation procedures, differentiating heavy metals in bal-
neological peats as a function of their extractability and
availability, respectively, are desired.

Therefore, in the present work the extraction behaviour
of dissolved organic matter (DOM) and metal species from
therapeutically used peats (Grofles Gifhorner Moor,
Sassenburg/North Germany) were characterised by means
of a versatile analytical approach. In particular, the avail-
ability and exchange behaviour of peat-bound metal species
towards both competitive chelators (DTPA, EDTA) and
metal ions (Ca(II), Cu(IT)) were studied In environmental
science, the chelators DTPA and EDTA, respectively, are
conventionally used as extractants to assess “(bio)available”
metal fractions, for instance in soils and organic-rich sludge
samples. The exchangeability of peat-bound metal species
towards strongly competitive metal jons can also be
supposed to be an insightful exchange mechanism usable to
assess available metal fractions, as already shown for heavy
metals in humic-rich hydrocolloids competed by Cu(lI)
ions. On the other side, from Ca(Il) ions as operational
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competitors can be expected that they only weakly exchange
with peat-bound metal species, as they form preferably weak
complexes with humic matter.

Materials and Methods

Peat samples

The medical peat samples (Vitamoor®, H. Wulfes KG,
Sassenburg/Germany) under study stem from “Grofles
Gifhorner Moor”, Sassenburg/North Germany. They were
collected in 20 kg portions, each, at 2 different mining sites
of this peat deposit . The water content of the samples was
assessed by drying sub-samples of approximately 100 g in an
oven at 120 °C for 12 hours. The peat samples I and II
showed water contents of 77.6 and 79.2 % (m/m), respec-
tively, related to their solid mass. Prior to further investiga-
tions the dried peat samples were coarsely ground in an
agate mortar (particle sizes obtained: approximately 0.1 to
2 mm) and stored in a closed polyethylene vessel.

Aqua-regia digestion

To determine total metal concentrations in the dried and
ground peat samples, they were conventionally decomposed
by aqua-regia according to a standardized procedure already
proposed for the digestion of aquatic sediments
(Sommerfeld and Schwedt, 1996). The standard deviation
of peat digestion by aqua regia was assessed from 5
replicates. Metal determinations referring to this were
preferably carried by atomic absorption spectrometry. The
chemical blanks, assessed by means of two aqua regia
digestion runs without any sample, were substracted from
these results.

Extraction procedures for balneological peats

To characterise the peat, 100 g of the sample (wet) were
suspended in 250 mL of high-purity water and some mL
of 2 mol/L NaOH solution were added to adjust a pH
value of 4.5. Then, the mixture was magnetically stirred
(250-300 rotations per minute, room temperature (23-25
°C)). The pH was maintained using a conventional glass
electrode. After different periods of time (5, 10, 15, 30, 60
and 120 minutes) small aliquots (about 50 mL, each) of
the peat suspension were filtered through a coarse paper
filter and, finally, through a 0.45 pm flat membrane to
remove particles. The fractions collected this way were
characterised by their UV/VIS absorbance A at 254 nm
and 436 nm, respectively, as well as by metal determina-
tions using atomic spectrometry. Applying an analogous
extraction procedure, the influence of an increased pH-
value (5.0) and different extractors (0.01 mol/L CaCl,,
0.01 mol/L ethylendiaminetetraacetic acid (EDTA) and
0.01 mol/L diethylenetriaminepentaacetic acid (DTPA),
respectively, were also studied. Before peat extraction the
pH value of the EDTA and DTPA solutions was adjusted
to 5.0 by adding 2 mol/L NaOH solution. The standard
deviations of the metal extraction procedures applied were
assessed from 5 different batch runs extracting 100 g
samples of peat II, each (100 g peat IT (wet), 250 mL
extractant, equilibration for 1 h; metal determinations by

ICP-OES and AAS, respectively).

Metal determinations

Metal concentrations in peat extracts were determined by
atomic spectrometry, using conventional atomic absorption
spectrometry (AAS) and simultaneous inductively-coupled
plasma optical emission spectrometry (ICP-OES),
dependent on the analytes and their concentration level in
humic-rich solutions (Burba, 1998).

UV/VIS characterisation of DOM

The DOM in peat extracts was characterised by means of its
absorbance A at 254 nm and 436 nm measured by a
scanning two-beam UV/VIS spectrometer (Varian Cary
1/3, Varian GmbH, Darmstadt/Germany). Pure solutions
of the extractants applied served as reference.

Exchange between peat-bound metals and competitive
Cu(ll) ions

After a rough estimate of the DOM concentration in a 0.45
pm-filtrated aqueous peat extract by means of its absorbance
A at 254 nm (50.0 g wet peat and 200.0 mL water, pH 4.5),
the Cu(ll) concentration in the peat suspension was
stepwise increased (by adding 5, 10, 20, 30, 50, 100 and
500 mg Cu(Il) dissolved in a commercial copper standard
and equilibrated for about 30 minutes after each Cu(II)
adding, analogously to Burba ¢z a/. (2001b). After each time
interval an aliquot of the peat sample was filtered and the
metals in the filtrates were determined.

Results

Kinetical extraction behaviour of metal species and
dissolved organic matter in balneological peats

In principle, the extraction of DOM and metal species from
typical peats should be assessable by typical equilibrium dis-
tribution sufficient
presupposed. In the case of polydisperse and colloidal
DOM, however, kinetic effects might more or less influence
the extraction process as already suggested in Burba
(2001a). Therefore, the DOM and metal species extraction
by water was also studied as a function of time. As a typical

functions, equilibration  time

example, Fig. 1a and 1b show the influence of the extraction
time on both, the yield of remobilized metal species and the
absorbance Aysy - of DOM extracted from peat I at pH
4.5 and 5.0, respectively. As can be seen (see Fig. 1a) the
metals studied (Al, Fe, Mn, Sr and Zn) have a similar
extraction kinetics but approach their equilibria after
slightly different times. The Mn and Zn extraction equili-
brated within 15 minutes, while Al and Fe needed about
30 minutes. Sr was practically extracted within 10 minutes.
The reason for the significant intermediate concentration
maximum of Al, Fe and Zn after 10-15 min is still
unknown. Altogether, these results show only rather small
differences of the extraction kinetics between the metals
studied. In contrast, the Figure 1b reveals that even a small
pH raise from 4.5 to 5.0 increases the extraction of Al, Fe
and Mn from peat by a factor of 3-8, but hardly that of Sr
and Zn. Moreover, the extraction kinetics of the first ones
are considerably slowed down requiring about 60 minutes
for equilibration. In contrary to this, it can be seen from
the time dependence of the UV absorbance Aysy, . of
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DOM (conventionally used for HS characterisation (Abbt-
Braun, 1992)) in both peat extracts (see Figs. 1a and 1b)
that the extraction of organic matter does not equilibrate
for the first 20 minutes. In addition, the small pH increase
from 4.5 to 5.0 strongly raises the UV absorbance Ay,
of DOM from 0.4 to about 2.5 (assessed as absorbance A -
cm™ ). But on the other hand, from the relatively small
alterations of the absorbance ratio of Aysg. /Agz6, of
DOM during extraction and at equilibrium, as shown in
Fig. 2, it can be concluded that, despite the mentioned pH
difference, quite similar humic molecules are remobilized
from the studied peat matter. At most, the slight decrease of
Ayssnm!Adzenm from 9.5 at pH 4.5 to about 7.3 at pH 5.0
might be a hint to small size differences of DOM, in
accordance with Aster (1998) having verified that large
humic molecules (100-50 kDa) exhibit a decreased specific
spectral absorbance at 254 nm in contrast to smaller ones.
Probably, at the beginning of DOM extraction from peat at
pH 4.5 big humic molecules are predominant in relation
to smaller ones. This observation is also in accordance with
a recent concept about dynamic humic substances (HS)
aggregates in aqueous solution supposedly formed from HS
molecules of different sizes (Piccolo, 2000).

Exchange between peat-bound metals species and DTPA,
EDTA, Ca(ll) and Cu(ll) ions, respectively: kinetical factors
Under natural conditions metal ions bound to humic
matter are supposed to form heterogeneous mixtures of
macromolecular metal species of varying structure, different
conditional stability and availability hardly describable by
simple distribution and equilibria functions (Burba, 1998).
Consequently, the chemical stability of metals bound to
natural peat might significantly be controlled by kinetical
factors up to now hardly considered for their characterisa-
tion. Under this aspect, the EDTA- and DTPA-availability
of metals was also characterised as a function of time,
analogously to the conventional use of these chelators for
assessing “bio-available” metal fractions in various soils types
(Klute, 1986). Typical metal exchange curves, obtained by
EDTA and DTPA from medical peat as a function of time,
are presented in Fig. 3a and 3b. Both complexants exhibit
more or less comparable kinetics of metal and DOM re-
mobilisation, respectively. The remobilisation equilibria for
the studied metals are approached within 60 minutes,
except Al and Fe needing up to 2 hours. As already discussed
EDTA and DTPA solution have a similarly strong
capability to remobilize major fractions of heavy metals
from peat. Most probably, the chemical extraction
mechanisms of both chelators are quite similar. Therefore,
EDTA and DTPA might be useful for a simple removal of
undesired high metal loads of peat prior to its therapeutic
use. The UV absorbance Ays4,, . of DOM, co-extracted by
EDTA and DTPA solutions, respectively, exhibits signifi-
cantly higher but similar values compared with those
obtained by pure water as extractor (see Figure 1 b). This
raise is probably caused by an increasing mobilisation of HS
molecules from peat by these complexants.

The availability of colloidal metal species in balneolog-
ical peat suspensions was not only characterised by exchange

with extreme chelators (EDTA, DTPA) but also with
strongly competitive Cu(II) ions, analogously to Burba ez
al. (2001b). Typical metal exchange equilibria between peat-
bound metal species (Al, Fe, Mn, and Sr) (peat I) and suc-
cessively added Cu(II) ions, obtained after an equilibration
time of 10 min, each, are shown in Fig. 4. Apparently, an
amount of at least 500 mg Cu(Il) added to this peat
suspension (50 g of wet peat I in 200 mL high-purity water)
is required to exchange peat-bound metals up to limiting
concentrations ¢y, corresponding to about 21.8 (Al), 3.9
(Fe), 79.0 (Mn), and 81.8 % (Sr) of the respective total
metal content. Apparently, Mn and Sr species in this peat
sample are largely available for competing Cu(II) ions, but
not those of Fe and Al. The latter observation is in
agreement to others studies having suggested that Fe and Al
are strongly bound in humic-rich hydrocolloids (Stevenson,

1994).

Discussion and conclusion

Exact chemical structures of DOM and metal species in
natural peats, suggested to cause therapeutic effects, are still
unknown. From the results presented here a number of
conclusions, important for further assessing the extraction
behaviour of DOM and metals in medical peat, can be
drawn: 1) Aqueous extraction of DOM and DOM-bound
metal species from peat needs only 15 to 20 min for equi-
libration, except Al, Fe and DOM at increased pH values,
2) Ca, Mg, and Mn seem to be the most available metals in
balneological peats, in contrast to Fe and Al, 3) As
expected, the pH value has a strong influence on the
extraction behaviour of both DOM and peat-bound metals,
4)DTPA and EDTA exert a strong, well comparable and re-
producible extraction capability towards peat-bound heavy
metals, similar to the operational DTPA and EDTA avail-
ability of metals in soils, 5) In contrast, major fractions of
metals in peat are hardly available towards competitive
Cu(ll) ions, except alkaline earth metal ions and Mn,
comparable to metals bound in humic-rich hydrocolloids
recently studied.

All in all, the present study, based on a versatile
extraction approach, improves the knowledge of metal
species and their chemical availability in balneological peats.
Additional medical investigations, however, are required to
clarify in more detail the positive and negative effects of
metals in peat therapy.
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