
XAO103432

3 EXTENDED ABSTRACTS

Trace Element Speciation In The Environment

Klaus G. Heumann
Institute of Inorganic Chemistry and Analytical Chemistry

Johannes Gutenberg-University Mainz, Germany

Biogenic production of methylated heavy metal species mainly takes place in the ocean and
involves a variety of marine organisms. In the case of mercury, both mono and di-methylated
compounds (Me2Hg and MeHg*) are produced, whereas in the case of lead the most abundant
biogenic methylated species is trimethyl lead (MesPb*). In a few cases, dimethyl lead
(Me2Pb*+) was also found in the ocean, but the permethylated compound Me4Pb could not be
detected as a natural product, up until now. MeCd+ was found to be the only biogenic
methylated cadmium product in ocean water and, in addition, recently Schedlbauer and
Heumann also found the first evidence of biogenically produced dimethyl thallium (Me2Tl+).

All these methylated compounds are relatively stable in seawater. The volatile Me2Hg is easily
released from the ocean into the atmosphere where it can be converted by photodissociation or
free radical reactions, e.g. by OH radicals, into elementary mercury, which has a relatively
long atmospheric life-time of one year. The biogenic origin of the heavy metal species
mentioned was proved by positive correlation with biological parameters such chlorophyll-a
and adenosine triphosphate. In addition, the direct production of these species was followed in
model experiments with macroalgae and various types of bacteria. From these experiments, it
followed that, in principle, different biological species show characteristic fingerprints in
producing methylated heavy metals. For example, algae probably do not methylate cadmium
and bacteria seem to be the major source for methylated thallium, because Me2Tl+ was also
found in the water column down to a depth of 4000 m, where bacteria can survive, but no
algae can exist.

and MeHg+ can be determined by GC separation and detection with an atomic
fluorescence detector after derivatisation of the ionic compound with tetraethyloborate into
the volatile methylethyl mercury compound utilising a purge and trap step for isolation from
the seawater sample. The methylated lead compounds and MeCd+ are analysed by differential
pulse anodic stripping voltammetry which is an extremely sensitive method. MeCd+ can be
determined in the presence of inorganic Cd2+ ions because the stripping voltage of these two
species is different by about 112 mV, whereas inorganic lead must be separated by co-
precipitation with barium sulfate before measuring the methylated lead compounds.
Differentiation between Me3Pb+ and M^Pb2* is obtained by using different deposition
potentials. Me2Tl+ is first selectively separated from inorganic thallium by extraction and then
determined by thermal ionisation isotope dilution mass spectrometry. The detection limits for
the methylated Pb, Cd, and Tl compounds in ocean water are about 450 pg/L, whereas for the
two methylated mercury compounds the detection limit is significantly lower at 5 pg/L.



These results show that the biogenic production of trimethyl lead and the two methylated
mercury compounds, MeHg+ and MezHg, in the ocean is of great environmental
importance. Me-Jig is easily transferred into the atmosphere, whereas the naturally
produced MeHg+ and Me$Pb+ can be accumulated in fish. As a consequence of the
importance ofMeHg+ and Me$Pb+ and with respect to their chemical stability I suggest the
production of standard reference materials of these two heavy metal species in seawater as
well as in fish and sediments.

A serious problem in trace element analysis is ensuring the accuracy of the results, which
becomes even more significant in trace element speciation because the concentrations of
elemental species in the environment are usually extremely low. Because of a lack of standard
reference materials for elemental species and the difficulty for most laboratories to apply
independent, corroborative analytical methods for element speciation, more and more interest
is focussed on definitive methods such as isotope dilution mass spectrometry (IDMS). The
major advantages of IDMS are that a non-quantitative isolation of the elemental species, after
the isotope dilution step has taken place, is sufficient and the fact that the use of an enriched
isotope-labelled spike provides the best internal standardisation in analytical chemistry.
Important pre-conditions are that two stable or long-lived isotopes must be available for the
element of interest and that the mass spectrometric measurement must be free of spectroscopic
interferences.

Thermal ionisation mass spectrometry (TIMS) and inductively coupled plasma mass
spectrometry (ICP-MS) are usually applied today in combination with selective separation
methods for element speciation by IDMS. Combing ICP-MS with chromatographic
separation methods the great advantage is the possibility of on-line coupling which allows
element speciation in relatively short analysis times. In addition, on-line coupling of GC or
HPLC with ICP-DDMS provides the only possibility to obtain "real time" concentrations of
element species in chromatographic peaks. Two different spiking modes are applied for the
isotope dilution step of element species. Species-specific spike compounds can be used in all
cases where the structure and composition of the element species is well known (e.g., for
iodide/iodate, selenite/selenate, trimethyl lead/inorganic lead, monomethyl mercury/inorganic
mercury) and where the corresponding element species is available in an isotopically-labelled
form. On the other hand, for all species, where the structure and composition is not known
exactly (e.g., metal complexes of humic substances or proteins), a species-unspecific spiking
mode must be applied. In this case the spiking step must be carried out after a complete
separation of the element species to be determined and the variation of the isotopic
composition in the chromatographic peak of interest must be followed with time.

Results were presented for chromate and Cr(m) species in environmental water samples,
aerosols and welding dust using the species-specific spiking mode with 55Cr enriched
compounds and TI-IDMS in combination with a selective extraction method. The 55Cr
enriched spike compounds were synthesised in our laboratory. On-line coupling of ion
chromatography or reversed phase ion pair chromatography with ICP-IDMS was used for the
determination of iodide and iodate in food and mineral water samples and, additionally, for
organoiodine compounds in environmental samples. Iodine, bromine and chlorine species of
humic substances were characterised by coupling size exclusion chromatography (SEC) with
ICP-MS. In the case of iodine species the isotope dilution technique could be applied even for
measurements using a low resolution quadrupole mass spectrometer, whereas in the case of



the corresponding bromine and chlorine species a high resolution ICP-MS must be used for
quantification by BDMS. Characterisation and quantification of heavy metal complexes with
humic substances were also possible using SEC/ICP-IDMS.

By coupling GC with an ICP-MS the determination of volatile elemental species or of those,
which can be derivatised to form volatile compounds, can be carried out with high accuracy.
Important selenium species in the environment can be analysed by such a coupling system.
For example, dimethyl selenide and dimethyl diselenide can be determined in the extremely
low concentration range of some ppt in fresh and ocean water samples by using Se enriched
spike compounds and by purging the isotope diluted element species out of the water sample
and trapping them in a cold trap. Afterwards, the element species are separated in a GC
capillary column and the isotope ratios of the separated fractions of the element species are
measured by ICP-MS. Selenite can selectively converted into a volatile piazselenol, which can
also be separated by GC, so that the isotope dilution step for selenite takes place in the
original water sample by using an 82Se enriched selenite spike compound.

Because on-line coupling ofGC or HPLC with ICP-IDMS is the most powerful analytical
method today for accurate element speciation, the knowledge of this methodology should be
distributed to interested countries where sensitive and accurate multi-element speciation is
needed.

In addition, there is a great need for the synthesis of characterised spike solutions for the
species-unspecific, but also for the species-specific spiking mode. In this connection the
production of the following isotope-labelled spike compounds are recommended:

Me$Pb+ (204Pb enriched; environment and seafood)
MeHg+ f 1Hg; environment and seafood)
BuySn+ (119Sn; environment and seafood)
SeOi'/SeOf f2Se; environment)
MeySe { Se; medicine)
CrO2' f3Cr; environment and water processing)
r /IO{ (129I; environment, mineral water and food)
Br~ / BrOi flBr; water processing and mineral water)


