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A simple non-chromatographic method for the determination of mercury (Hg?*), methylmercury
(MeHg"), dimethylmercury (Me,;Hg), and phenylmercury (PhHg*) employing atomic fluorescence spec-
trometry (AFS) as detection technique was developed. Mercury species showed a particular behavior in
the presence of several reagents. In a first stage SnCl, was employed for Hg2* determination; in a second
step, [Hg?* + PhHg*] concentration was determined using SnCl, and UV radiation. MeHg* decomposition
was prevented adding 2-mercaptoethanol. In a third stage, [Hg?* + PhHg* + MeHg*] concentration was
determined using K;S,0s. Finally, the four species were determined employing NaBH,4. Reagents con-
centration and flow rates were optimized. The extraction technique of mercury species involved the use
of 2-mercaptoethanol as ion-pair reagent. The limits of detection for Hg?*, PhHg*, MeHg*, and Me,Hg
were 1, 40, 68, and 99 ng L-! with a relative standard deviation of 1.5, 3.1, 4.7 and 5.8%, respectively. Cal-
ibration curve was linear with a correlation factor equal to 0.9995. The method was successfully applied
to the determination of the mercury species in two Antarctic materials: IRMM 813 (Adamussium colbecki)
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and MURST-ISS-A2 (Antarctic Krill).
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1. Introduction

Public health reasons and the fact that mercury is a highly
toxic element that is found both naturally and as an introduced con-
taminant in the environment have increased the interest on its
speciation analysis in a variety of biological, industrial, and food
samples. The toxicity of mercury depends on its concentration and
chemical form [1,2]. Mercury occurs principally in three different
chemical species: elemental, inorganic, and organic forms such as
monomethylmercury (CHsHg, hereafter referred to as “MeHg*")
and dimethyl mercury [(CH3 ), Hg, hereafter referred to as “Me,Hg”|
[3,4]. Within these above-named forms, organic mercury species
are more toxic than the others [4,5]. Therefore, it is important to
determine inorganic and organic species instead of total mercury.
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Mercury species may induce alterations in the normal develop-
ment of the brain of infants and may induce neurological changes
in adults [6]. MeHg" is a known neurotoxin causing reproductive,
immunosuppressive, neurobehavioral risks to biota [7] and the
Minamata disease in humans [8]. It is produced mainly by microbial
methylation of inorganic mercury (Hg) in the aquatic environment
[9] and is one of the most common contaminants in fish and marine
mammals due to its biomagnifications along the food chain [10].

Environmental monitoring in Antarctica plays a key role for
assessing ongoing pollution phenomena on a planetary scale in
order to preserve as much as possible the pristine conditions in
this ecosystem [11-13]. Antarctic ecosystems have unique charac-
teristics resulting from their distances from continents with high
populations. Anthropogenic contamination is negligible because
there is no human impact due to any significant human work activ-
ities. Mercury is emitted to the atmosphere mainly as vapor by
natural or anthropogenic sources and it is the only metal that bio-
magnifies through food chains [14]. The relative long residence
time in the atmosphere (circa 1 year) and consequent long-range
transport, together with natural transformation into methylmer-
cury, make exposure of target organisms to mercury, potentially
serious, even in remote areas [15].

Antarctic Krill (Fig. 1) are a small planktonic crustaceans primar-
ily present in the southern ocean, with a total biomass estimated
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Fig. 1. (a) Antarctic Krill and (b) Adamussium colbecki.

to be around 600 billion individuals migrating in large groups over
long distances [16]. Adamussium colbecki (Fig. 1) is an endemic
Antarctic scallop, abundant in near shore waters, with the abil-
ity to accumulate contaminants [11]. These organisms take up and
accumulate metals in great quantities in soft tissues, offering some
advantages in the analysis of abiotic matrices. As a consequence,
these organisms can be employed for the evaluation and assess-
ment of pollution in marine coastal environments. In addition, they
only accumulate the biologically available form of the pollutant
[17]. Therefore, the determination of Hg species in biota collected
in Antarctica is of prime importance to gain knowledge on levels of
pollutants in pristine areas.

Quantification of mercury species normally requires the use
of hyphenated techniques, involving a more complex instru-
mentation in comparison with that needed for single element
measurements [18]. These systems are based on the use of
highly efficient separation techniques such as gas chromatography
(GCQ), high performance liquid chromatography (HPLC) or capillary
electrophoresis (CE) coupled to sensitive and selective atomic spec-
trometric detectors, such as atomic absorption spectrometry (AAS)
[19], atomic fluorescence spectrometry (AFS) [20], inductively
coupled plasma mass spectrometry (ICP-MS) [21], inductively cou-
pled plasma optical emission spectrometry (ICP-OES) [22], and
microwave-induced plasma optical emission spectrometry (MIP-
OES) [23]. Although these hyphenated methods are attractive for
mercury speciation due to their excellent detection limits and
selectivity, high instrumental and operational costs make them
difficult to use in routine analysis or in laboratories with limited
instrumentation.

Cold vapor atomic fluorescence spectrometry (CV-AFS) is a well
known and widely used technique for mercury determination. Gen-
eration of a cold vapor from organo mercury species requires a step
to achieve their conversion to Hg(Il). Mercury speciation analy-
sis was done by CV-AFS without chromatographic separations. The
discrimination between inorganic mercury and total mercury was
based on the differential behavior of mercury species with several
reducing agents [24,25]. This conversion has been usually per-
formed online and has been facilitated using a number of different
approaches such as oxidation with potassium persulfate [23,26,27].
Although the chemical oxidation can be achieved at room temper-
ature, the reaction time for an efficient conversion can be long. The
use of UV irradiation is a valid alternative to facilitate the decom-
position of mercury species [28-30].

In this study, a non-chromatographic method for the deter-
mination of Hg2*, MeHg*, Me,Hg, and PhHg* is presented. The
determination is based on the singular behavior of mercury species

versus the different reagents/approaches involved in the cold vapor
generation such as sodium borohydride, stannous chloride, potas-
sium persulfate, and UV radiation. The proposed method was
applied to the determination of mercury species in the candidate
certified reference material IRMM 813 A. colbecki, and compared
to the mercury content in CRM MURST-ISS-A2 Antarctic Krill. In
order to extract the mercury species, 2-mercaptoethanol in acidic
media was employed. The extraction efficiency was compared with
a microwave-assisted digestion technique and the certified value
(MURST-ISS-A2) reported for total Hg. To the best of our knowl-
edge, this is the first time that four mercury species are determined
employing a non-chromatographic methodology.

2. Experimental
2.1. Instrumentation

Mercury fluorescence measurements were carried out with
an atomic fluorescence spectrometer, Al 3300, Aurora Instru-
ments (Vancouver, British Columbia, Canada). The apparatus was
equipped with a two-channel peristaltic pump for the continu-
ous fluorescence measurements. A mercury hollow cathode lamp
from Aurora Instruments (Vancouver, British Columbia, Canada)
was employed as Hg fluorescence excitation source. The flow injec-
tion (FI) system used is shown in Fig. 2. Samples and solvents were
delivered by a Minipulse 3 peristaltic pump Gilson (Villiers-Le-Bell,
France). UV decomposition was achieved with a 400 W Hg vapor
lamp (15 W G15T8 UV-C LONG LIFE high pressure Hg, PHILIPS) that
ignited with a suitable starter and chock and surrounded by a 3-m
PTFE tubing.

Py HCL PMT
HCI

KS:05
Ar

]

sncl, :

Gas-Liquid
NeBH, separator

Sample —

Fig. 2. Schematic diagram of the instrumental set-up. Vy, valve 1; V3, valve 2; Py,
pump 1; P,, pump 2; HCL, hollow cathode lamp; PMT, photomultiplier tube.
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Microwave digestion was performed with a Milestone Start D
microwave system (Sorisole, Italy), and with Milestone hermeti-
cally sealed 1cm wall thickness polytetraflouroethylene reactors
(100 mL internal volume).

2.2. Reagents

Unless otherwise stated, the chemicals used were of analyt-
ical grade and thus required no further purification. Ultrapure
water (18 mQcm~!) was obtained from EASY pure (RF Barnst-
edt, IA, USA). Inorganic mercury stock solution of 1000 mgL~! was
prepared by dissolving mercury chloride from Merck (Darmstadt,
Germany) in ultrapure water. The stock solutions of 1000 mgL~!
(as Hg) of methylmercury (MeHg*), dimethylmercury (Me,Hg),
and phenylmercury (PhHg*) were prepared by dissolving the salts
from Merck (Darmstadt, Germany) of methylmercury chloride
and phenylmercury chloride; and dimethylmercury as well, in
methanol. Working solutions were prepared from the stock solu-
tions by stepwise dilution.

A SnCl,-2H,0 salt from Sigma (St. Louis, MO, USA) in 10% (vv—1)
HCI (Merck) was used as reductant agent. It was prepared by dis-
solving the saltin concentrated HCI, heating for 10 min, and diluting
with water. NaBH, from Sigma (Stenheim, Germany) was prepared
in a 0.5% (mv~1) sodium hydroxide solution. Potassium persulfate
(99%) obtained from Fluka AG (Switzerland) was diluted in 40%
(vv~1) HCl solution. 2-Mercaptoethanol from Merck (Darmstadt,
Germany) was prepared by dilution in ultrapure water.

Two certified reference materials (CRMs) MURST-ISS-A2
(Antarctic Krill) and IRMM 813 (A. colbecki) were used for the vali-
dation procedure.

2.3. Sample preparation

The quantitative extraction of mercury species from biolog-
ical samples was achieved using 0.1% (vv~1) HCl, 0.1% (vv~1)
2-mercapoethanol, and 0.15% (mv~-!) KCI extractant solution, as
recommended by Wang et al. [31]. The extraction procedure
employed for the determination of the mercury species was applied
as follows: 0.5 g portions of the reference materials were weighed
into 4 mL vials. Then, 4 mL of the extractant solution were added.
Subsequently, the mixture solutions were put into an incubator for
overnight shaking (about 12 h) at room temperature. Afterwards,
the supernatant was collected and employed for measurements
directly.

The microwave digestion for total mercury determination was
performed as follows: 0.2¢g portions of the reference material
were weighed and placed in individual microwave graduated
polystyrene tubes. The aliquots were treated with 8 mL of HNO3 +
H,0, (3:1, vv~1) [11]. Dissolution was carried out at a pressure
between 10 and 20 bars, at increasing power from 250 to 600 W.

2.4. Procedure

The FI system used for Hg species extraction/determination is
shown in Fig. 2. The sequence employed involved several stages
as follows: in a first stage SnCl, was employed for Hg?* deter-
mination (valve V; in position HCI, valve V, in position SnCl,),
without UV radiation. In a second stage, (Hg2* +PhHg*) concen-
tration was determined using SnCl, and applying UV radiation.
MeHg* decomposition was prevented by the addition of 0.1%
(vv~1)2-mercaptoethanol. In a third stage, (Hg?* + PhHg* + MeHg")
concentration was determined by changing valve V, to K,S,0g
position, using UV radiation. Finally, and in order to reach the
decomposition of the four mercury species (Hg2*, PhHg*, MeHg*
and Me,Hg), valve V, was changed to NaBH4 position (Table 1
shows the experimental conditions).

Table 1
Experimental conditions for the FI-UV-CV-AFS system.

Parameter Optimized value

CV generation

Sample flow rate 1mLmin~!
NaBH,4 reagent 0.5% (mv~')in 0.5% NaOH
NaBH, flow rate 2mLmin~!
SnCl, reagent 10% (mv-1)in 30% (vv-') HCl
SnCl, flow rate 2mLmin~!
HCl reagent 30% (vv-1)
HCI flow rate 1mLmin~!
Oxidation
K,S,05g reagent 1% (mv-1)in 30% (vv—') HCl
K,S,05 flow rate 1mLmin~!
Power of UV lamp 15W
Digestion coil 3m
Digestion coil i.d. 0.8 mm
AFS
Lamp Mercury hollow cathode lamp, 253.7 nm
PMT voltage 300V
Primary current 35mA
Carrier gas Ar, 200 mL min~!

3. Results and discussion
3.1. Evaluation of reagents flow rate

Reagents flow rate is an important parameter to optimize since
this is one of the parameters that affects the time of analysis. The
optimized flow rates are shown in Table 1. It was verified that these
flow rates reduced the noise and fluctuations on mercury signal,
reaching more stabilized mercury lectures. In addition, these flow
rates reduced reagent consumption.

3.2. Evaluation of reagents concentrations

All reagents concentrations involved in the determination of
mercury species were evaluated and the optimal values are
reported in Table 1. In addition, other inorganic acids such as HNO3
were also evaluated and no significant difference on mercury signal
was observed.

3.2.1. Evaluation of 2-mercaptoethanol concentration

2-Mercaptoethanol reagent has two important roles in the
determination of mercury species. Firstly, it is used as extrac-
tant during sample preparation and secondly, it prevents MeHg*
decomposition by UV radiation differentiating MeHg"* signal from
Hg2* and PhHg" signals.

As stated by Wang et al. [31], 2-mercaptoethanol can be used
as an ion-pair reagent in extractant solutions. Chemically, Hg2",
MeHg*, and PhHg* have extremely strong affinities for sulfhydryl-
containing ligands. The reactions involved are listed in Egs. (1)-(3).

Hg2* + 2HOCH,CH,SH = (HOCH,CH,S),Hg + 2H* 1)
CH3Hg* + 2HOCH,CH,SH < HOCH,CH,SHHgCH; + H+ )
CgHsHg™ +2HOCH,CH,SH < HOCH,CH,SHHECgHs +H™ 3)

Although these RS-Hg-SR bonds have been demonstrated to be
thermodynamically stable, they are kinetically labile [32]. Many
studies have demonstrated the need of UV oxidation [28-30]
to decompose these organo mercury species. In this work, a
singular behavior of Hg?*, MeHg* and PhHg* complexes with
2-mercaptoethanol was observed under UV radiation. As it can
be seen in Fig. 3, 2-mercaptoethanol prevented MeHg* decom-
position by UV radiation. However, this behavior changed when
2-mercaptoethanol concentration decreased. On the other hand,
Hg2*- and PhHg"-2-mercaptoethanol complexes appeared to be
more labile, being decomposed by UV radiation and their signal
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Table 2
Evaluation of the separation of mercury species.

Mercury species added (pgL1)

Mercury species found under different conditions (ngL~1)2

Me,Hg MeHg* PhHg"* Hg?*  Condition 1 Relative Condition2  Relative Condition3  Relative Condition4  Relative
recovery (%) recovery (%) recovery (%) recovery (%)
0 0 0 100 99.7+9 99.7 99.7+4 99.7 99.7+2 99.7 99.7 £ 9 99.7
0 0 100 0 ND - 98.9+8 98.9 98.9+4 98.9 989 +8 98.9
0 100 0 0 ND - ND - 95.9+8 95.9 959 + 8 95.9
100 0 0 0 ND - ND - ND - 985+9 98.5
50 50 0 0 ND - ND - 473 +2 47.3 975+ 5 97.5
0 50 50 0 ND - 49.6 £2 49.6 96.2+6 96.2 96.2 + 8 96.2
0 0 50 50 472+3 47.2 99.5+8 99.5 99.5+5 99.5 995+ 7 99.5
50 0 0 50 49.1+45 49.1 49.1+4 49.1 49.1+4 49.1 96.9 + 7 96.9
0 50 0 50 484+1 48.4 48.4+4 484 95.3+9 95.3 953+6 95.3
50 0 50 0 ND - 49.2+3 49.2 49.2+2 49.2 984 +7 98.4
25 25 25 25 275+1 275 48.0+2 48.0 739+6 73.9 99.0 + 8 99.0

Relative recovery =([mercury found] x 100)/[mercury added].

Condition 1: SnCl,; Condition 2: SnCl, + UV radiation; Condition 3: K,S,0g + UV radiation; Condition 4: NaBH,4 + UV radiation + K,S,Og.

ND: not detected.

2 The Mercury found corresponds to Hg?* concentration (ugL~') detected by AFS, calculated from the calibration curves of each mercury species.

was not affected by changes in 2-mercaptoethanol concentration.
An optimized concentration of 2-mercaptoethanol of 10~2 mol L~
was chosen for both extraction and further determination proce-
dures. This concentration value assured a satisfactory extraction
and avoided MeHg* decomposition by UV radiation.

3.2.2. Evaluation of K;S,0g and NaBH4 concentrations

The concentration of K,;S,0g was evaluated from 0.1 to 4%
(mv~1). MeHg* signal improved with the K,S,0g concentration.
Beyond 1% (mv~1), no significant changes over the mercury signal
were observed. A concentration of K;S,0g of 1% (m v—1) was chosen
for further experiments.

On the other hand, the concentration of NaBHy is a critical
parameter since this reagent allows Me,Hg determination and
the differentiation of Me,Hg from MeHg* signal during the deter-
mination. A dependence of MeHg* and Me,Hg signals on the
presence of different NaBH, concentrations can be observed in
Fig. 4. Concentrations of NaBH,4 from 0.1 to 4% (mv~1) were eval-
uated in the presence of a constant K,S,0g concentration. MeHg
signal remained constant versus variations of NaBH, concentra-
tions. On the other hand, Me,Hg was not decomposed by the
only presence of K;S,0g in the system. For Me,Hg decomposi-
tion it was necessary to introduce NaBH,4. Me, Hg signal increased
proportionally with NaBH4 concentrations. From a concentration
of 1% (mv~!) NaBH4 and on, Me,Hg was completely decom-
posed, but beyond this concentration value an increase of the
signal noise was observed (Table 2). For this reason, a compro-

PhHg+
100 g g oo grog g gt g g
'_E Hg2+
5 80
L]
2
8 60 A
©
g 40 A
=
20 { MeHg+
0 T T T T T T 1
0 2 4 6 8 10 12 14

2-mercaptoethanol molar concentration (-log)

Fig. 3. Dependence of Hg?*, MeHg* and PhHg* signals on 2-mercaptoethanol con-
centration in the presence of UV radiation. Concentration of all Hg species: 1 ugL~'.

mise NaBH, concentration of 1% (mv~1) was chosen for further
experiments.

3.3. Evaluation of mercury species determination

The recovery of the mercury species under different condi-
tions was evaluated and it can be seen in Table 2. Under the
optimized conditions, different concentrations of the evaluated
mercury species were combined in order to assess the discrimi-
nation capacity of the technique. The employed sequence for the
determination of the different mercury species corresponds to:

Condition 1: only SnCl, was introduced into the system. As a
result, only [Hg2*] was determined.

Condition 2: SnCl, and UV radiation were introduced to the
system achieving PhHg* decomposition. The obtained signal cor-
responded to [HgZ*+PhHg*]. The [MeHg*] decomposition was
prevented by the addition of 10~2 mol L-! 2-mercaptoethanol.

Condition 3: K,S,0g was introduced to the system. This reagent
achieved MeHg* decomposition and the obtained signal corre-
sponded to [Hg?* + PhHg* + MeHg"].

Condition 4: interchanging SnCl, by NaBH4 and introducing it
into the system, allowed Me,Hg determination, corresponding the
obtained signal to [Hg2* + PhHg* + MeHg" + Me, Hg]. As a result, the

90 4 MeHg+

(3]
o

Normalized signal
S
(=}

0 T T T |
0 1 2 3 4

Concentration of NaBH,4 (%, m v")

Fig. 4. Dependence of MeHg" and Me,Hg signals on NaBH4 concentration in the
presence of UV radiation and K,S;0g 1% (mv~'). Concentration of all Hg species:
Tpgl-t.
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Table 3
Calibration curves under different conditions.

Table 5
Tolerance limits of coexisting ions for determination of Hg.

Condition Linear regression equations Foreign ions Tolerance limit (ngmL~")
1 F=35.40Cyg +5.38 (R=0.9947) K*, Na* 2000
2 F=48.08Cyg +0.93 (R=0.9988) Mg?* 500
3 F=38.61Cyg +5.79 (R=0.9984) Ca* 2000
4 F=36.92Cyg +25.72 (R=0.9995) APP* Zn?*, Cu*?, Fe3* 10
Condition 1: SnCl,; Condition 2: SnCl, +UV radiation; Condition 3: K,S,0g +UV NO327 LS50
radiation; Condition 4: NaBH, + UV radiation +K;S,0. S04 500
adiation; Co on 4: NaBHy4 adiatio 2520s. €052 1000
Cl- 5000

different mercury species (except Hg2*, its concentration was eval-
uated directly) were determined as shown in Egs. (4)-(6):

[PhHg*] = [Hg?* + PhHg] — [Hg**] (4)
[MeHgt] = [Hg?* +PhHg* + MeHg" ] — [Hg?t + PhHgt] (5)

[Me,Hg] = [Hg2* +PhHg*' + MeHg* + Me,Hg]
— [Hg?* + PhHg* + MeHg*| (6)

Summarizing, following the proposed method the four mercury
species were determined. A thorough evaluation of the selectivity
of the developed method was performed in order to minimize the
risk for misinterpretation of results. The method was applied to var-
ious synthetic samples with different concentration relationships
between the four species. Complete separation and quantitative
recovery can be observed in Table 2. Considering that the four mer-
cury species are quantitatively recovered and determined as Hg2",
the calibration procedure was performed against HgZ* standards,
avoiding the use organo mercury salts. The calibration procedure
was performed under the four mentioned conditions for Hg2* (see
above). The corresponding regression equations are detailed in
Table 3.

3.4. Stability of mercury species

The manufacturers of the reference materials employed for
this work have pointed out the stability of this type of samples
[33]. Nevertheless, some recommendations were followed in order
to maintain mercury species in its original form in the samples,
such as storage at a temperature of —20°C and, once opened; the
entire content of each vial was used avoiding subsampling. Besides,
repeated freezing and unfreezing sequences were avoided because
methylmercury may decompose specially in some organisms, par-
ticularly in bivalves [34].

In addition, the fact that the samples were oven-dried assured
an improved stability of mercury samples [35]. It has also been
suggested that the analysis of biological tissues is less affected by
artifacts and interferences during extraction procedures and quan-
tification [34].

Table 4
Validation of the extraction procedure.

3.5. Evaluation of the extraction procedure

There is not a standardized method to assess the extraction effi-
ciency of a particular approach. However, a recent overview has
recommended the use of standard additions as the best means to
establish the extraction efficiency of a method [4]. Following this
premise, the recovery was verified by standard additions at three
spiking levels on wet sample after overnight equilibration. As it can
be seen from Table 4, the Hg recovery using the proposed extraction
procedure was between 92 and 99%.

3.6. Interferences

The effects of possible interfering ions were investigated and
results are given in Table 5. The tolerance tests of interfering ions
were made at concentration levels at which they may occur in the
studied samples and beyond. This test established that the compo-
nents of Antarctic samples will not interfere in the determination
of mercury species.

3.7. Analytical performance

The overall time required for one sample analysis included 1 min
per condition (4 conditions) and per mercury species, resulting in
a total of 4 min per sample. For washing and conditioning 0.4 min
were necessary, thus completing the analysis in 4.4 min and result-
ing in a sample throughput of 13 samples. This is a very important
point, considering the high sample throughput and the future appli-
cations of this method for screening and monitoring of mercury
species.

The limit of detections (DL), calculated on the basis of the 30
criterion, and the precisions, calculated as the relative standard
deviations (RSD) for five replicate determinations, can be found in
Table 6. Linearity was attained from levels close to the detection
limit up to at least 100 wgL-1.

3.8. Sample analysis

There is not a standard reference material available with a certi-
fied content of the four Hg species determined in this study. In this

Hg added (pgL1) Hg found (pgL~1)?

Relative recovery (%)

Me,Hg MeHg* PhHg* Hg?* Me;Hg MeHg* PhHg* Hg2* Me,Hg MeHg* PhHg* Hg?*
IRMM 813 Adamussium 0.1 0.1 0.1 0.1 0.095 + 0.002 0.096 + 0.01 0.098 + 0.005 0.099 + 0.003 95 96 98 99
colbecki (candidate 1 1 1 1 0.926 + 0.1 0.944 + 0.04 0.983 + 0.07 0.979 + 0.09 92 94 98 97
CRM) 10 10 10 10 9.751 + 0.8 9.871 £ 04 9.926 + 0.7 9.815 + 0.7 97.5 98.7 99.2 98.1
MURST-ISS-A2 0.1 0.1 0.1 0.1 0.097 + 0.009 0.098 + 0.002 0.095 + 0.004 0.096 + 0.002 97 98 95 96
Antarctic Krill (CRM) 1 1 1 1 0.933 + 0.01 0.932 + 0.03 0.987 + 0.05 0.951 + 0.09 93 93 98 95

10 10 10 10 9.965 + 0.5 9.534 + 0.5 9.872 + 0.3 9.771 £ 0.4 99.6 95.3 98.7 97.7

Relative recovery = ([mercury found] x 100)/[mercury added].

Condition 1: SnCl,; Condition 2: SnCl, + UV radiation; Condition 3: K,S,0g + UV radiation; Condition 4: NaBH,4 + UV radiation + K;S,Og.
2 The Mercury found corresponds to Hg?* concentration (ugL~') detected by AFS, calculated from the calibration curves of each mercury species.
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Table 6
Limit of detection and relative standard deviation for each mercury species.

Mercury species Limit of detection Relative standard

(ngL™1) deviation (RSD, %)
Hg** 1 1.5
PhHg* 40 3.1
MeHg* 68 4.7
Me,Hg 99 5.8
Table 7
Mercury species concentration in CRM IRMM 813 and CRM MURST-ISS-A2.
Mercury species CRM
IRMM 813 MURST-ISS-A2
Content (ngg') Content (ngg™')
Hg?* 0.1308 +0.009 0.0119+0.001
MeHg* 0.0175 £ 0.007 0.0011 £0.0001
Me,Hg ND ND
PhHg* ND ND
Total Hg? 0.1474 +0.009 0.013+£0.001
Total Hg” 0.152 +0.004 -
Total Hg® - 0.013+£0.003

ND: not detected.
a Extraction procedure (X of Hg species).
b Microwave-assisted digestion.
¢ Certified values.

case, a recovery study can be considered as an alternative to esti-
mate accuracy of measurements [36]. The supernatant solutions
obtained after the extraction procedure were spiked with differ-
ent mercury concentrations according to the mercury levels found
after the microwave digestion of the candidate CRM IRMM 813
or according to the values informed for the CRM MURST-ISS-A2
material. Three samples of each reference material were ana-
lyzed. Mercury concentrations-base values were of 1.2 ugL~! and
0.104 pg L1 for CRM IRMM 813 and CRM MURST-ISS-A2, respec-
tively. The materials were spiked with 0.5, 1.0, and 2.0 ugL-! of
Hg2*, MeHg*, Me,Hg, and PhHg* for CRM IRMM 813; and with 0.05,
0.10,and 0.20 g L~! for CRM MURST-ISS-A2. Mercury species con-
centrations in each one of the studied samples are listed in Table 7.
Mercury levels of each species found in the different samples and
materials were in good agreement with total mercury levels. This
point was checked by comparing the sum of each mercury species
level with the total mercury content obtained by microwave diges-
tion. Furthermore, total mercury levels were correlated with the
certified value reported for total Hg in MURST-ISS-A2. Despite the
fact that the candidate IRMM 813 A. colbecki does not have a cer-
tified value for mercury content yet, the obtained results by this
extraction method and the microwave digestion approach were in
good agreement with those reported by Dalla Riva et al. [14].

This study demonstrated that A. colbecki has a higher level of
total mercury compared with that certified for the Antarctic Krill.
A. colbecki possesses the higher percentage of organic mercury
species. The only mercury species found in Antarctic Krill and A. col-
becki was MeHg*. Phenylmercury and dimethylmercury were not
detected in any of the studied samples.

4. Conclusions

Anovel non-chromatographic methodology for mercury species
determination was developed. The proposed method achieved the
determination of four mercury species. This procedure is fast and
simple becoming adequate for screening procedures and routine
analysis. This is the first time that four mercury species are deter-
mined via a non-chromatographic method.

The introduced method only required simple and low cost
instrumentation, compared with some hyphenated techniques (e.g.
HPLC-ICP-MS). AFS demonstrated to be a sensitive technique for the
determination of Hg at low concentration levels. The method was
successfully applied to the determination of HgZ*, PhHg*, MeHg",
and Me,Hg in CRM MURST-ISS-A2 Antarctic Krill and the candidate
reference material IRMM 813 A. colbecki. Trace analyses of Antarc-
tic samples become relevant considering that they can be related
to global pollution processes.
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