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INTRODUCTION
Elemental speciation is the identification and quantitation of the
chemical form of an element. Speciation analysis has attracted considerable
attention during recent years especially in environmental studies because the
toxicity of an element depends on its chemical form. In the determinations
of trace elements in environmental samples the focus has so far been mainly
on the determination of total contents of the elements in these samples.
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However, from a risk assessment perspective, it is no longer sufficient to
quantitate the total elemental content of samples to define toxicity /I-5/.
Speciation analysis of an element has been defined by Florence 161 as the
determination of the concentration of the individual physico-chemical forms
of the element in a sample that together constitute its total concentration.
The individual physico-chemical forms include gaseous compounds, solid
forms or phases and dissolved forms, depending upon nature of the sample.
In the investigation of the toxic and essential effects of trace elements
speciation is often indispensable. For example, two rivers may contain 40
ppm of total dissolved copper; if one has most of the copper adsorbed on
colloidal particles, there will be little or no effect on aquatic life; but if the
other has free copper (II) ions as the main species only a few organisms
would survive. Lipid-soluble heavy metal complexes are particularly toxic as
they can diffuse rapidly through a biomembrane and can carry both metal
and ligand into the cell 11-91. Besides, speciation analysis is also helpful in
the prediction of the distance over which a river will be affected by the
effluent discharged from a point source as the speciation of an element
affects its degree of adsorption on suspended matter, its rate of transfer to
the sediments and its overall transport in a water system /&/. The speciation
approach is still in its infancy and there is an urgent need for suitable
procedures both for direct speciation and for combined methods. Generally,
two complementaiy techniques are employed for trace element speciation.
One provides an efficient and reliable separation procedure and the other
provides adequate detection and quantitation. The coupling of these
techniques requires sample introduction compatibility and minor instrumental modifications with maximum efficiency and response of each
technique.
A number of books and reviews have been published in recent years. The
books by Batley III, Harrison and Rapsomanikis 111, Bernhard et al. 151 are
recommended as being of most value to analytical chemists. Besides, several
reviews on metal speciation dealing with mercury 1101, manganese / l l / and
organotin compounds l l l l have been published.

SAMPLES FOR SPECIATION ANALYSIS
Procedures for sampling and preservation of samples (time gap between
the collection of samples and opportunity for analysis in the laboratory)
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should necessarily be adopted such that they do not disturb the equilibria
established among the species. Detailed procedures for preserving the water
samples for trace element speciation have been described in the literature
/13-18/. Generally, it is stipulated that samples should be collected in polyethylene bottles which are initially water-cleaned. The water samples should
not be preserved by adding acid, as this may alter the element speciation.
Freezing of water samples is also not recommended for trace heavy metal
speciation, as this causes irreversible reactions. Hence, the safest
preservation procedure is to filter the sample immediately after collection
and store the filtered sample at 4°C. The concentrations of Cu, Pb, Zn and
Cd remained unchanged for several months /16,17/. In polluted waters,
metal ions may persist close to the source of pollution and losses may occur
on storage. On the other hand, storage of ultra pure waters in polyethylene
containers may lead to zinc contamination from the plastics /18/.

ELEMENTS MOST FREQUENTLY STUDIED
Several elements such as aluminium, arsenic, chromium, copper, lead,
manganese and mercury are well known as having varying toxicities based
on their chemical forms, although there is no general rule or trend. The
possible physico-chemical forms and toxicities of some metal species are
summarized in Tables 1 and 2 respectively. The discussions on speciation of
these elements are followed. The salient features of analytical techniques are
summarized in Table 3 .

Aluminium
There is growing concern over the environmental consequences of the
geochemical mobility of aluminium in soils and aquatic systems, where its
level has increased considerably as a result of atmospheric precipitation in
the form of acid rain /19/. Aluminium chemistry in acid waters is receiving
increasing attention owing to the toxic effects of aluminium on aquatic and
terrestrial organisms /20,21/. Aluminium is not an essential element but
only a toxic element for mammals. The toxicity of aluminium is dependent
on its speciation. Aluminium species of particular concern are Al 3+ ,
Al(OH) 2+ , Al(OH) 2 + , Al(OH)-4. Several authors /22,23/ have reported
average aluminium concentrations of 10 μgΓ1 for the hydrosphere and 240
145
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Table 1
Possible physico-chemical forms and size of metal moiety in natural waters
Physico-chemical

form

Possible

example

Diameter

(nm)
R e t a i n e d by 0 . 4 5 jum
filter

Particulate
Simple hydrated
ion
Inorganic
Organic

metal

complex

complex

Adsorbed on
colloids

inorganic

Adsorbed on
colloids

organic

Adsorbed on mixed
organic/inorganic
colloids

> 450

Cd(H20)6 2 +

0.8

CdCl+,

1

PbC03

Cu-fulvic

acid

Pb2+/Fe203

2 - 4
10 - 500

2+

10 - 500
Cu

/humic

2+

C
Fue 2 0 3- h u m i c

acid

10 - 500
acid/

μ§1_1 for fresh waters. Incidences of 'senile dementia' due to high
concentrations of aluminium (>50 μ§1_1) in drinking waters have been
reported UM.
Driscoll and co-workers /25,26/ have shown that the positively charged
aluminium hydroxy species are more toxic than organic aluminium
complexes. This has fostered the development of aluminium speciation
methods. Bertsch and Anderson 1211 had classified aluminium speciation
methods into three groups:
A. Computation that uses thermodynamic based geochemical models;
B. Analytical separation of aluminium species by differential reaction
kinetics with chelating agents, and/or physico-chemical separation of
aluminium species by size or charge; and
C. A combination of one or more analytical separation techniques and a
geochemical speciation model.
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Analytical procedures based on the use of hydroquinone and ferron were
found to be satisfactory for distinguishing inorganic and monomelic
forms of aluminium. However, the method has the limitation of its utility
at low dissolved organic carbon. Hence, it cannot be used for analysis of
natural waters where large concentrations of dissolved organic carbon
are expected /28/. Driscoll 1261 used the 8-hydroxyquinoline method in
combination with ion-exchange separation and liquid-liquid extraction
techniques. This allowed the determination of three forms of aluminium,
e.g., acid soluble aluminium, non-labile monomelic aluminium and
labile monomelic aluminium. Complete aluminium speciation in lake
water with high suspended solids content (>20 mgl'1) from Llyn Brianne
reservoir (Dyfed, U.K.) was accomplished using a colorimetric procedure

Table 2
Toxicity of some species in natural waters
Species

Toxicity

As ( i i i )

* * *

As ( v )

*

Cr ( i i i )

*

Cr ( v i )

* * *

Cu 2 +

* * *

CuCl2

*

*

CuCOg

*

Cu 2 + - f u l v i c a c i d

*

Cu2+/humic acid - Fe203
Cu 2 + - DMP

* *
* * *

DMP = 2 . 9 - d i m e t h y l - 1 - 1 0 * = Low, ** = Medium,

*

phenanthroline.

*** = H i g h .
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based on Pyrocatechol Violet (PCV) 1291. Brouine et al. /30/ reported the
speciation of aluminium using Morin. Hodges /31/ has compared five
methods consisting of various chemical approaches for the speciation of
aluminium. A scheme for speciation of aluminium in water samples (pH
4.7 to 7.0), employing filtration, extraction, treatment with Chelax - 100
ion-exchange resin followed by radiolysis, has also been reported /19/.
Aluminium speciation studies using size-exclusion chromatography
(SEC) /32/ and ultrafiltration technique /33/ were carried out in
biological fluids of patients undergoing chelation therapy. Two automatic
methods for determination of aluminium species in natural waters were
also developed. One method /34/ is based on ion-exchange separation
procedure based on the procedure developed by Driscoll et al. 1251,
whereas the other method /35/ provides fractionated inorganic
monomelic and organic monomelic aluminium only. However, these
methods were not investigated for the effects of chemical and flow
variables. Flow Injection (FI) methods for the determination of total
aluminium in waters /361, dialysis concentrates /37,38/ and soil extracts
/39/ or monomelic aluminium species in waters /40/ have been
developed employing different detectors.

Arsenic
Arsenic compounds are well known for their high toxicity. The
descending order of toxicity of arsenic compounds has been found to be as
follows: arsenic, arsenite, arsenate, monomethylarsenate (MMA) and
dimethylarsenate (DMA) /41/. Some organoarsenic compounds, namely
arsenobetaine and arsenocholine, are reported to be non toxic 121. The
chemistry of arsenic in the aqueous environment has been reviewed by
Ferguson and Gavis /42/. Penrose et al. /43/ reported that sea water ordinary
contains arsenic concentrations ranging from 1 to 8 μ ^ ' 1 . Braman and
Foreback /44/ found that the ratio of trivalent to pentavalent arsenic ranged
from < 0.06 to 6.7 in surface water samples (arsenic levels ranging between
2.5 and 3.0 μgr 1 ).
The acute allergic reactions to arsenic compounds are well known as the
symptoms of acute poisoning. Chronic arsenic poisoning, whether through
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ingestion or inhalation, causes disturbances of the digestive system, the
blood, kidneys and nervous system /45/. Chronic poisoning may also cause
bronchitis /46/ as well as a variety of skin abnormalities including itching,
pigmentation and cancerous changes /45/.
Spectrophotometry employing silver diethyl dithiocarbamate has been
used for determinations of arsenic ranging between 1 and 100 μg. The
method with suitable modifications (oxidation was avoided prior to the
arsine generation) was found to be capable of differentiating between As(III)
and As(V) /41/. Analytical methods employing gas chromatography (GC) or
liquid chromatography (LC) coupled with atomic absorption spectrophotometer (AAS) or inductively coupled plasma-atomic emission
spectrometer (ICP-AES) have been most popular. Arsenic species were
determined employing a continuous hydride generator (HG) coupled with
ICP-AES and AAS IMI. However, this method could not be utilised for the
determinations of arsenic in sea water samples, as the concentrations of
arsenic species are lower than the detection limits; Van Cleuvenbergen et al.
/48/ critically evaluated the hydride generation and cold trapping flame
atomic absorption spectrometry methods for speciation of arsenic.
Beauchemin et al. /49,50/ used reversed phase and ion pair LC techniques
coupled with ICP-MS for separation of AsC>33* AsC>43", monomethylarsenate, dimethylarsenate and arsenobetaine species with detection
limits 50 to 300 pg. Similar detection limits were reported for these species
employing ion exchange chromatography (IEC). Several examples were
investigated including dog-fish, muscle, urine, wine and club soda /49-52Λ
One of the limitations of using ICP-MS for arsenic speciation is the presence
of an isobaric interference at m/z = 75. This interference results from the
formation of the polyatomic ion 4 0 Ar 3 5 Cl + when chlorine is present in the
sample. As arsenic is not efficiently ionised in an argon plasma, these
authors described the use of He-Ar mixed-gas ICP with mass spectrometric
detection /52/. However, IEC has the advantage of separating this
interference (ArCl + ) from the compounds of interest /52/.

Chromium
The speciation of chromium has attracted a great deal of interest in view
of the toxic properties of hexavalent chromium as compared with trivalent
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chromium. Chromium exists in two stable oxidation states, viz. Cr(III) and
Cr(VI). Chromium levels < 0.1 μ§ηι"3 in air and from fractions of 1 μg to a
few μgΓ1 in natural waters have been reported /53/. Chromium(III) is
considered necessary for the maintenance of a normal glucose tolerance
factor /54/. On the other hand, chromium(VI) is extremely irritating and
toxic: ulceration and perforation of the nasal septum have frequently
occurred among workers employed in the chromium industries. The
intestinal absorption of hexavalent chromium is 3-5 times greater than that
of trivalent forms. Hexavalent chromium has been reported to cause various
forms of genetic damage /55/. The daily human intake of chromium varies
considerably depending upon location. Typical values range from 50 to 200
μg per day. Such intakes do not represent toxicity, as they coincide well with
the calculated human requirements /53//
Spectrophotometric determination of chromium with diphenyl carbazide
has been used for several years. This method has been modified by several
workers for the determinations of chromium in natural waters. Blundy /56/
had reported a comparison of these modifications and recommended the use
of eerie sulphate or ammonium hexanitratoacetate for efficient oxidation of
Cr (Π1) to Cr (VI). Speciation of chromium has been studied by employing
spectrophotometric technique for the determination of Cr (VI), and atomic
absorption spectrometry for the determination of total chromium /57/. In
another system /58/ a micro-column of activated alumina was incorporated
to retain hexavalent chromium, which was then eluted with ammonia or
potassium hydroxide; Cr 6 * and Cr 3+ were determined by ICP-AES. Arber et
al. 159.1 described an X-ray fluorescence method for the speciation analysis
of chromium. The method incorporates the collection of samples either on
mixed cellulose acetate membranes or particulate material (mixed with
polyethylene powder and pressed to form discs). The ratio of Cr to total
chromium in the sample on a membrane or in a disc was calculated by
measuring the intensities of the X-ray emission lines of chromium related to
different oxidation states. IEC and ICP-MS have also been utilised for
speciation studies of chromium 1601. For Cr3"1" and Cr 6+ the detection limits
are in the order of 2 ppb 1601. The United States Environmental Protection
Agency (USEPA) has compiled a review on various analytical methods for
determination of chromium 1551.
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Copper
Copper is one of the essential elements for humans; the adult daily
requirement is about 2 mg. The speciation studies on inorganic copper
predict that hydroxy complexes and carbonates are the dominant species in
sea water /13,62,84/. It has been reported that in sea water (pH = 8.2, temp
25°C, and total alkalinity = 2.3 m equiv kg' 1 ) inorganic copper exists as
CuC0 3 ° (82%), CuOH + + Cu(OH)2° (6.5%), Cu(0H)(C0 3 )- (6.3%),
CUHC0 3 + (1%) and Cu 2+ (2.9%) /63.64Λ In a typical fresh water, 90% of
copper is present as CuC0 3 and the remainder is associated with colloidal
particles of hydrated iron oxide; whereas, in coastal sea water, 40-60% of
copper is found as inert organic complexes /13,66,84/. These complexes are
so stable that they pass unchanged through columns of iminodiacetate or
thiol resins /61/. It has been suggested that the Cu-binding ligands are
siderophores, metallothioneins or porphyrins /7,61/.
Chou and Adolph 1611 estimated that of the 100 - 150 mg copper present
in the adult human body, 65 mg is contained in the muscle mass, 23 mg in
the bones and 18 mg in the liver. It is well known that copper plays an
important role in the formation of haemoglobin, and that iron utilization and
haemoglobin regeneration are not possible in the absence of copper. Hence,
copper is added in iron preparations to correct anaemia 162,1.
Ionic and labile copper species in water and soils have been studied by
employing a number of instrumental approaches, including HPLC, AAS and
ASV. HPLC coupled with AAS or ICP-MS has proved to be most useful in
studies on metal-organic compounds in biological materials such as blood
and blood serum /69/. The determination of the activity of free copper (H)
ion using the copper ion selective electrode is unreliable in chloride media
1651. SEC/ICP-MS has also been used for speciation of copper in
metalloproteins 1101. These investigations were carried out in pig kidneys
and in other biological materials 169,101.

Lead
There has been widespread interest in environmental problems
associated with lead compounds. A major source of lead, that calls for
particular consideration, is the lead tetra-alkyls used as antiknock gasoline
additives. Lead has no known beneficial effects on human health /80/.
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Sources of lead pollution, its toxicological effects /80/ and their significance
to man have been compiled /81,82/. Diagnosis aiid treatment of lead
poisoning have been published by the American Public Health Association
(APHA) /83/. The possible species of lead in water is classified according to
size. The boundaries, viz. soluble/colloidal/particulate, are arbitrary. The
salient features of lead speciation are as follows:
A. Soluble

1 nm

B. Colloidal

10 nm

100 nm
C. Particulate

1000 nm

Free metal ions
Inorganic pairs
Organic chelates
Organic complexes
Metal species bound
to high mol. wt.
organic material
Metal species adsorbed on colloids
Metal incorporated
with organic particles
and
remains
on
living organisms
Mineral solids,
Metal adsorbed on
solids; precipitates,
coprecipitates.

Pb2+
PbHC0 3 +
Pb-EDTA.
Pb-fulvic acid
Pb-humic acid
Pb-Fe (OH)3
Pb-Mn0 2
Pb-organic solids

Pb-clay

PbC0 3

Lead speciation based on computer modelling of fresh waters suggests
that carbonate species, e.g. PbC03 and Pb2(0H)2C03 are the main organic
species /13,84/. However, in sea water the speciation of lead has been
suggested as carbonato complex (83%) and chlorospecies (11%) /85/. It is
interesting to note that lead has a stronger affinity for some inorganic
adsorbents, especially iron oxide, than for organic ligands and thus, in most
natural waters with pH above 7, a significant fraction of lead is associated
with hydrated Fe 2 03 /13,84/. Batley and Gardner /16/ reported that in sea
water 40 to 80% of dissolved lead is present in the inorganic colloid
fraction, whereas in fresh waters (at pH 6.0) its presence as inorganic
molecular species (probably, Pb2(0H)2C03) was identified.
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Analytical methods for speciation of lead in air, water, soil and
environmental samples have been developed. GC coupled with silica furnäce
AAS is one of the most popular techniques employed for speciation of lead.
Detection limits for various organolead compounds are typically in the range
of 0.03 to 0.1 ng (as lead). Organolead compounds were separated by GC
followed by AAS /86,87/ and AES determinations /91/. Chakraborti et al.
/88/ determined alkyllead species in air particulate matter. Lead compounds
were first extracted into water and then into pentane, followed by GC-AAS
determinations. Speciation of inorganic lead (Pb 2+ ), trimethyl lead chloride,
triethyl lead chloride, triphenyl lead chloride and tetraethyl lead has been
studied employing ICP-MS /89,90/. Speciation of these compounds has been
accomplished by using reversed phase and ion pair LC and IEC /89,90/.
Inorganic lead, ionic alkyllead and tetraalkyllead compounds have been
separated with detection limits ranging from 0.2 to 3900 pg. Urine and
water samples and reference fuel have been analysed for speciation of lead
/89,90/.

Manganese
In a natural environment manganese occurs in three oxidation states, i.e.,
di-, tri- and tetravalent manganese. However, mixed oxidation-state systems
are also possible Π I/.
Mn(ll) Species:
This is a stable form in acidic media with inorganic or organic ligands.
Two types of complexes are formed: (a) Outer sphere: in which the
hydration shell of the metal ion remains intact and bonding of the
complexing ligand is by weak charge effect; (b) Inner sphere: in which
ligands (H2O or OH") originally attached to the metal are replaced and
strong new metal-ligand bonds are formed /72/.
Mn(III) Species:
The cation [Mn(H 2 0g)] 3 + is unstable in both acid and alkaline solutions.
The speciation of this oxidation states does not appear to be feasible in
natural waters as Mn(III) oxyhydroxide [MnO(OH)] is thermodynamically
unstable compared to Mn(II) and Mn(IV) oxides.
155
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Little is known about the speciation of this oxidation state in fresh waters
/72/. It has been reported that the oxidation of Mn(II) to Mn(IV) is favoured
in sea water and alkaline fresh waters, in the presence of catalysing bacteria

mi.
The main sources of manganese pollution are mining, the iron and steel
industry, fuel oil, incineration, coal and dry cell batteries. Continuous
exposure leads to chronic manganese poisoning and manganese pneumonia
/46Λ Chronic manganese poisoning is caused due to inhalation of fumes or
dusts of manganese. The central nervous system is also damaged due to
manganese poisoning /45/.
The manganese cycle in the ocean is strongly influenced by bacteria,
which mediate both oxidation and reduction of manganese. However, these
reactions are governed by enzymes and sea water cations, e.g., Ca 2 + and
Mg 2+ 1191.
Spectrophotometry based on the persulphate method has been used for
several years for speciation of manganese. Hirata and Higashiyama 113/
developed an ion selective electrode for Mn which responded to 10"5 M, a
concentration which is high for natural waters and suffers from interference
problems by various cations. Midgley and Mulcahy /74/ have modified an
ion selective electrode by impregnating a PTFE-graphite substrate. The main
disadvantages of this electrode are its long response time (about 20 min) and
the pH control requirement. Lead, iron (III) and iron (II) interfere, but other
bivalent transition metal ions have little effect. Rapid determination of
Mn(II) at concentrations up to 0.01 μgΓ1 by differential pulse anodic
stripping voltametry (DPASV) has been reported /75/. The most serious
interference in DPASV analysis for Mn(II) is caused by the hydrogen wave,
which completely masks the Mn(II) peak. Addition of sodium tetraborate
buffer can eliminate the hydrogen wave, but alters the equilibrium.
Polarographic techniques suffer from a number of drawbacks, namely, the
reproducibility is very poor, the calibration graph is non-linear and the
method is slow, requiring about 15 min for one analysis 1161.
An electron paramagnetic resonance (EPR) detection technique has been
employed by Chiswell and Mokhtar 1111 for the determination of Mn 2 +
species in fresh water as well as in natural waters. This approach was
satisfactory as inorganic ions, namely chloride, sulphate and hydrate
carbonate at concentration levels normally found in surface waters, did not
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interfere. Carpenter /78/ also studied the speciation of Mn in sea water
employing EPR technique and reported that certain marine waters had 7277% of their manganese present as Mn 2+ (aq), 14-16% as complexes with
chloride and 10-12% as complexes with sulphate. The results showed that
less than 5% of the total manganese was associated with CO32', HCO3" or
organic ligands. It was proposed that the lack of organic complexation may
be due to a preference of natural organic ligands for other metals, viz. Ca,
Mg and Fe /78/.

Mercury
There has been a continuing interest in the mercury speciation in air,
water and biological materials /92/. Interest in chemical speciation of
mercuiy originated from incidents of mercury poisoning, starting with the
Minimata episode. It is well established that there is a remarkable difference
in toxicity between methylmercury compounds, i.e. (CH3Hg)+ or ( C I ^ H g ,
and other species, viz. Hg°, Hg 2+ , etc. The methylmercury compounds are
the ones responsible in all fatal incidents due to mercury. Different species
of mercury differ greatly in their physico-chemical properties, in their
solubilities, rates of accumulation in organisms and behaviour in
ecosystems. The following speciation of mercury compounds has been
proposed by Lindquist /94/:
Volatile
Water soluble

Non-reactive
species

Hg°, (CH3)2Hg.
Hg 2+ , HgX2, HgX3-, HgX42" (where X = OH",
CI", Br)
HgO - on aerosol particles.
Hg 2+ - complexes with organic acids.
CH3Hg+, CH3HgCl, CH3HgOH
(and other organo-mercuric compounds).
Hg(CN)2, HgS and Hg 2+ (bound to sulphur in
fragments of humic matter.

Mercury levels in open ocean range from 0.5 to 3.0 ngl' 1 , in coastal sea
water from 2 to 15 ngl' 1 , in rivers and lakes from 1 to 3 ngl"1. Local
variations in these values are considerable, particularly in coastal sea waters,
rivers and lakes 192/.
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A mysterious disease, due to mercury poisoning, broke out among the
inhabitants, particularly fishermen and their families, in Minimata city and
Niigata, Japan, in 1953 and 1964 respectively. In these incidents the
mortality rate was fairly high - 52 died out of 168 reported cases /95,96/.
The toxicity of mercury depends on its chemical species, Elemental mercury
is fairly inert and non-toxic, but mercury vapours are quite toxic. Mercury
vapour, when inhaled, enters the brain through the blood stream, leading to
severe damage to the central nervous system /97/. Mercurous ions have low
toxicity but mercuric ions are fairly toxic due to their high affinity for
sulphur atoms. Hg 2 + easily attaches itself to the sulphur-containing amino
acids of proteins. This ion, however, does not travel across biological
membranes and hence does not get access into biological cells. The most
toxic species are the organo - mercurials, particularly CH 3 Hg + (methyl
mercury), which are soluble in fat, the lipid fraction of membranes and brain
tissue. The covalent Hg-C bond is not easily disrupted and the alkyl mercury
is retained in cells for prolonged periods of time. The most dangerous aspect
is the ability of RHg + to move through the placental barrier and enter foetal
tissues. Diorganomercurials (R^Hg) have low toxicity but they can convert to
RHg + in acidic medium.
Reviews of analytical techniques for the determination of mercury have
been compiled by Shrivastava and Tandon /98/, Chilov 1991, Crosby /100/,
Berman /101/ and Schroeder /10/, etc. In speciation of mercury the low
concentration of mercury in natural waters is beyond doubt the most serious
problem and leads, in some instances, to the need for veiy large sample
volumes to be processed. Bloom /102/, Lee and Mowrer /103/ and Lansens
et al. /104/ have devised different solutions to solve this intricate analytical
problem. As the levels of total mercury in natural waters are typically at the
ngl"1 level, a preconcentration step is necessary in all methods. Cryogenic
trapping /102/, adsorption onto sulfhydryl cotton fibre (SCF) /103/ and
dithiocarbamate resins /104/ have been used. The method developed by
Bloom /102/ involves aqueous phase ethylation preceding a purge and
cryogenic trapping stage, gas chromatographic separation and detection by
mercury specific fluorescence spectrometry. The major advantages of this
analytical method is the extremely good detection limit of 0.003 ngl -1 for
methyl mercury and only 200 ml of sample is required. Lee and Mowrer
/103/ preconcentrated methyl mercury from water onto an SCF adsorbent
using column technique. Capillary gas chromatography with an electron
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capture detector (GC-ECD) was used for final speciation. A detection limit
of 0.05 ngl"1 of methyl mercury was achieved. In another method methyl
mercury was first enriched in a glass column containing a dithiocarbamate
resin, quantitatively eluted with an acidic thiourea solution, converted into
iodide by addition of sulfuric acid and iodoethanoic acid and determined by
gas chromatography with microwave-induced plasma atomic emission
spectrometric detection. A detection limit of 0.75 ngl· 1 was achieved by
processing 20 1 samples /104/. Recently, Emteborg et al. /105/ have reported
a method for simultaneous determination of mercury species at sub ngl"1
levels in natural waters. The detection limits are 0.05 ngl"1 for methyl- and
ethylmercury and 0.15 ngl"1 for inorganic mercury. Methyl-, ethyl- and
inorganic mercury are first preconcentrated on a dithiocarbamate resin. The
mercury species are completely eluted with an acidic thiourea solution,
extracted into toluene as diethyldithiocarbamate complexes and butylated
with Grignard reagent. The butylated forms are injected into a gas
Chromatograph and detected at 253.7 nm with an atomic emission detector
after excitation in a microwave-induced plasma.
Mercury speciation studies were also conducted by separating various
species by HPLC and the eluted mercury compounds were detected either by
passage through a cold-vapour generator and then by ICP-MS /106/, or
directly with the ICP-MS /107/. Methyl-, ethyl- and phenylmercury have
been separated by using reversed-phase LC with ICP-MS; detection limits
were 7-20 ppb /106/. The use of a post column cold-vapour generator
improved the sensitivity of ICP-MS for mercury with detection limits
ranging from 0.6 to 1.2 ppb /106/. Ion-pair LC has also been used for
speciation of these compounds with detection limits of 7 pg; urine samples
were also analysed with this method /89/.

CONCLUSIONS
In the investigation of the toxic and essential effects of trace elements,
speciation is often indispensable. Speciation analysis is essential for an
understanding of the biological, geochemical and environmental cycle of
trace elements. Simple total element analysis provides little information
about the species. This approach is, however, still in its infancy and there is
an urgent need for the development of analytical procedures both for direct
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speciation and for hyphenated procedures. It is really a difficult task to
divide trace elements in an environmental sample into different speciation
"boxes" when the total concentration is at or below ppb levels.
One of the important points to be considered is the 'reference materials'
for quality control. At the moment, most of the 'reference materials'
available for trace element determinations in environmental samples are
only certified for the total element content and not for the content of an
element in a particular chemical form. Besides, the commercial availability
of highly pure materials and chemicals is extremely necessary for speciation
studies.
A number of significant developments in analytical methods for
speciation work have been introduced during recent years. There is
continuing interest on the part of research workers in developing reliable
analytical methods for tackling the complex problems associated with the
speciation analyses of various environmental samples. It is extremely
necessary to extend the application of chemical speciation in all the fields of
life sciences, as metal speciation is also useful for obtaining information for
medical applications, e.g. to identify the role and metabolism of drugs in the
human body.
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