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Determination of mercury in estuarine sediments
by flow injection-cold vapour atomic absorption
spectrometry after microwave extraction
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Abstract. A flow injection-cold vapour atomic absorption spectrometric (CVAAS) method was developed for the determination
of mercury at trace level in estuarine sediments using sodium tetrahydroborate (III) as reductant. The mercury was solubilized
with nitric acid in closed vessels and microwave oven heating. Instrumental and operational conditions (volume and concentration of reagents, reaction time, etc.) were optimized. The effect of several ions on the analytical signal was also studied; no interferences were recorded excepting for copper and nickel which caused a serious depressing effect. The detection limit obtained
was 0.01 µg g–1. The validation of the method was performed analyzing a certified reference sediment, BCR CRM 277 Estuarine
Sediment. Good recovery (c.a. 98%) and precision (< 3%, RSD) were achieved. The proposed method was successfully applied
to the determination of mercury in sediment samples from Ares-Betanzos Estuary (Galicia, NW Spain).
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Introduction

the former is a strong reductant agent and it is able to reduce
the mercury in most of its compounds, in contrast to the latter [9]. In general, there is agreement that the sodium
tetrahydroborate (III) reduction is more rapid and may give
better precision than the tin (II) chloride method [7].

Due to the high toxicity of mercury and its compounds the
analysis and monitoring of total mercury in environmental
samples are extremely important. The inorganic mercury
compounds both of natural and anthropogenic origins are
characterized by chemical stability in sediments. In the
marine environment take place several processes which can
transform inorganic mercury to bioavailable organic form.
Then, it is efficiently absorbed through biological membranes resulting in bioaccumulation [1].

The CVAAS technique is based on the reduction of mercury compounds present in samples to free metal, followed
by transformation of the metal into atomic vapour which is
measured [10]. It seems, therefore, that this technique should
be free from interferences. The literature reports, however,
that many elements as Ag, Au, Pt, Pd, Cu, Ni, Pb and Se
significantly affect the mercury analytical signals [9–13].

Many different methods have been developed for the
determination of inorganic and organic mercury at low concentrations in environmental samples. These instrumental
methods are based on a wide range of techniques, such as
neutron activation analysis (NAA) [2], cold vapour atomic
fluorescence spectrometry (CVAFS) [3], gas chromatography-cold vapour atomic fluorescence spectrometry (GCCVAFS) [4], hydride generation inductively coupled plasma
mass spectrometry (HG-ICPMS) [5], electrothermal atomization atomic absorption spectrometry (ETAAS) [6], and
cold vapour generation atomic absorption spectrometry
(CVAAS) [7,8]. The latter has received great attention for
the determination of mercury because of its simplicity, high
sensitivity and relative freedom from interferences. Since its
early development in 1968 the method has been improved
increasing the reliability and easiness of operation. Initially,
tin (II) salts solutions were used to generate the mercury
vapour. More recently, reduction with sodium tetrahydroborate (III) instead of tin (II) chloride has been widely used;

The coupling of flow injection (FI) with cold vapour
atomic absorption spectrometry (CVAAS) for the determination of mercury has many significant advantages in comparison with the conventional batch CVAAS technique.
These advantages include lower sample and reagent consumption, higher sample throughput, easiness of automatization and lesser affected by metallic interferents (i.e., Ni,
Cu and Ag) [14].
For the determination by CVAAS, mercury has to be present in its dissolved inorganic ionic species. Sample decomposition has to be done in such a way that the mercury present in the sample is completely brought into solution but
avoiding any losses of the analyte. Due to the high volatility of mercury and its compounds, the employ of closed vessels for its extraction is essential. Moreover, its combination
with microwave oven as heating source represents an
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attractive alternative when samples as sediments must be
analyzed [15,16].
The aim of the present work was to develop a FI-CVAAS
method for the reliable determination of mercury at trace
level in estuarine sediments, after quantitative metal extraction with nitric acid in closed PTFE (polytetrafluoroethylene) vessels and microwave oven heating. Instrumental and
operational conditions (volume and concentration of
reagents, reaction time, etc.) were carefully optimized. The
effect of several ions on the analytical signal was also
studied.

Experimental
Apparatus
Measurements were made using a Flow Injection (FI) system, Varian VGA Model 76, interfaced to an atomic absorption spectrometer, Varian Model SpectrAA-10. All measurements were made at the 253.9 nm Hg wavelength, using a
Hg hollow-cathode lamp (Perkin-Elmer) and a bandwidth of
0.5 nm. Nitrogen was used as carrier gas at a flow rate of
90 mL min–1.

Fig. 1. Schematic diagram of flow injection system for Hg determination by CVAAS.

Then, samples were ground and sieved through a 63 µm
mesh sieve. Samples (0.7 g) were placed into PTFE vessels
and 4.5 mL of H2O plus 10 mL of conc. HNO3 were added.
Then, the vessels were capped and heated in a microwave
oven (570 W, 8 min; 0 W, 3 min). After the extraction programme, the vessels were cooled in a water-bath and opened
with the ACM module. The samples were filtered (Whatman
No. 41), washed with high purity water and diluted to a final
volume of 50 mL.

The Hg extraction was performed using a laboratory
microwave digestion system fitted with a Milestone
microwave oven (Italy) MLS 1200 with a magnetron frequency of 2450 MHz and a maximum power of 1000 W, an
automatic capping module ACM 100, and an exhaust module EM5. High pressure PTFE (polytetrafluoroethylene) vessels with a volume of 80 mL and pressure-relief valve were
employed.

In all instances the blanks were prepared in parallel and
carried out through the procedures in the same manner as
the samples.

All plasticware and glassware were thoroughly cleaned by
soaking for 24 h in 10% HNO3 and rinsed with high purity
water (Milli-Q system) at least three times.

Procedure
Figure 1 shows the FI-CVAAS system used in the present
work. A solution of 2 M HCl (1 mL min–1) was used in the
carrier stream to sweep the sample (7 mL min–1) from the
injection loop to the mixing coil, where it reacts with the
NaBH4 solution (1 mL min–1). This reaction produces free
Hg atoms which are separated from the liquid phase in the
liquid-gas separator as an atomic vapour. A nitrogen gas
stream sweeps the Hg vapour to a cold quartz absorption cell
mounted in the light path of a Hg hollow cathode lamp in
the spectrometer.

Reagents
All reagents were of analytical grade. High purity water,
resistivity 18 MΩ cm–1, obtained from Milli-Q system of
Millipore was employed throughout. The Hg stock solution
(1000 mg L–1) was obtained from Panreac (Spain). From
this, working standard solutions containing appropriate
amounts of Hg were daily prepared by serial dilution and
acidified as well as samples. Nitric and chlorhydric acids
were purchased from Merck. The NaBH4 solutions were
freshly prepared by dissolving an adequate amount of powder (Merck) in 0.5% (m/v) NaOH solution, and filtered
before used.

Calibration curve was constructed using Hg standard
solutions from 5 to 25 ng mL–1, which were matched in acid
concentration to the samples. This aqueous calibration curve
was used to directly quantify the samples.

Solutions of the interfering species studied were prepared,
using the same acid medium as the samples, by diluting
stock solutions (1000 mg L–1) of: Al3+, Ca2+, Co2+, Fe3+, K+,
Mg2+, Mn2+, Na+, Pb2+, Zn2+, Cu2+, Ni2+, Cl–, CO32–, NO3–,
PO43–, and SO42–.

Results and discussion

Sample preparation

Concentration of reductant agent

Sediment samples were frozen, freeze-dried, and sieved
through a 2 mm and 1 mm mesh sieves, consecutively.

NaBH4 is normally preferred as reductant agent because of
its advantages, including faster liberation of the Hg vapour
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from the liquid phase, more efficient attack of the organic
Hg compounds and suitability for including Hg in multielemental analysis together with other hydride-forming elements [13]. In flow systems the NaBH4 is generally used in
lower concentrations (0.2 – 0.3% m/v) [8,15] than in batch
systems (3.0-5.0% m/v) [7,12], because the former requires
a lower sample volume than the latter.
In order to establish the optimum concentration of this
reagent, several concentrations were assayed from 0.0% to
0.6% (m/v) using a Hg standard of 20 ng mL–1. The acid
medium was obtained using 5 M HCl. The results revealed
that a maximum and constant absorbance was achieved
when the concentration of NaBH4 was higher than 0.1%
(m/v). Therefore, 0.2% (m/v) was taken as the appropriate
concentration. Similar values are recommended in the literature [15,16].

Fig. 2. Influence of the reaction time on the Hg signal.

Concentration of acid

Table I. Analytical conditions for the Hg vapour generation.

The concentration and type of acid are not critical in the
determination of Hg by CVAAS using NaBH4, only it must
be present at a concentration that guarantee the acidity necessary for the Hg vapour generation. The reduction does not
take place in alkaline solution. Generally, the HCl is the
used acid [11]. Nevertheless, it is known that an excessive
amount of this acid generates chlorine, which interferes in
Hg determination by CVAAS, absorbing at the Hg wavelength and suppressing the Hg response [15].

Reductant Concentration
Reductant Flow
Carrier Concentration
Carrier Flow
Sample Flow
Reaction Time

In order to study the influence of the concentration of
HCl in the analytical Hg signal, it was assayed from 0 to
9 M. No significant differences were observed for the results
obtained for a Hg standard of 20 ng mL–1, probably due to
the amount of nitric acid previously added to the matrixmatched standards. A concentration of 2 M HCl was chosen
as a convenient level.

0.2% (m/v) NaBH4
1 mL min–1
2 M HCl
1 mL min–1
7 mL min–1
60 s

The flow system exhibits a better tolerance towards hydride
forming elements than the batch system, due to the shorter
reaction time and the smaller sample volume. Thus, the
interfering transition metal ions could not be reduced to
metal, which could then not interfere [14].
Several studies have been focused on the investigation of
the interferences in Hg analysis by CVAAS. BERNTH and
VELDEBO [9] observed that Cu(II), Ni(II), Pb(II) and Ag(I)
seriously suppressed the response of Hg when NaBH4 was
used as the reductant. EL-DEFRAWY [11] observed than the
presence of Ag(I), Au(III), Pt(II), Pd(II), Rh(III), Ru(III),
Co(II), Cu(II), Ni(II) and Pb(II) at concentrations of
40 µg mL–1 cause interference on Hg determination.
However, SZMYD et al. [12] did not detect interferences by
Cu(II), Pb(II) and As(V), but the effect produced by Ag(I),
Au(III), Pt(II), Pd(II) and Se(IV) was important. MADRID
et al. [13] found that Cd(II) and Pb(II) do not interfere,
although Se(IV), Ni(II) and Cu(II) depressed significantly
the analytical signal of Hg. PSZOINCKI et al. [10] investigated several ions and detected negative influence of Cu(II),
Ag(I), Se(IV), Au(III), Pd(II) and Te(IV) on the analytical
signal of Hg, at low concentrations. They used successfully
the successive dilution method to eliminate these interferent
effects.

Time of reaction
The time of reaction was defined as the time necessary to
achieve a stable Hg signal, corresponding to an efficient
atomic vapour generation. There are not many studies in the
literature regarding this parameter [8].
Different times were assayed, between 0 and 100 s, to
measure a Hg standard of 20 ng mL–1 using 2 M HCl and
0.2% (m/v) NaBH4. The absorbance was maximal (Fig. 2)
when the reaction time ranged from 60 to100 s; then, 60 s
was selected in order to minimize the time of the analysis.
The operational conditions established for the Hg vapour
generation are summarized in table I.

Interferences
In the CVAAS technique chemical interferences caused by
other elements present in samples belong to be the most serious. Particularly, those elements that suffer a reduction to
metals and form amalgams such as Ag, Au, Pt and Pd. Also,
must be taken into account other elements, like as Cu, Pb,
and Ni, when NaBH4 is used in the reduction stage [12].

Applying the procedure established above (Tab. I), the
study of the effect of several ions on the determination of
Hg by CVAAS, was carried out. The ions investigated and
the signal variation registered (in percentage) are listed in
table II.
63

Original articles
Table II. Influence of different spiked species (at three levels of
concentration) on the absorbance of Hg (10 ng mL–1). The figures
indicate the percentage of enhancement (+) or depression (–) of the
signal.
Ion

Interferent concentration (µg mL–1)
10
100
500

Al3+
Ca2+
Co2+
Fe2+
K+
Mg2+
Mn2+
Na+
Pb2+
Zn2+
Cl–
CO32–
NO3–
PO43–
SO42–

+5
-–4
+2
-–2
–1
-–2
–1
--0
+1
+2

+3
+1
–11
+2
+2
+3
+5
0
0
–1
+3
0
0
0
+2

The detection limit, defined as the Hg concentration corresponding to three times the standard deviation of ten measurements of the blanks, was 0.11 ng mL–1 and 0.01 µg g–1.
The method validation was performed analyzing a certified reference sediment, BCR CRM 277 Estuarine Sediment
(Hg certified content: 1.77 ± 0.06 µg g–1). Six aliquots were
taken, microwave-extracted and then analyzed by triplicate.
The mean value (± standard deviation) obtained was 1.73 ±
0.04 µg g–1. The recovery was calculated as obtained
value/certified value. All recoveries were satisfactory, ranging 94 – 102%. The precision, expressed as relative standard
deviation (RSD), also was good (< 3%, n = 6).

-+9
-+4
+11
--+2
--+3
–10
----

Analysis of estuarine sediments
The proposed method was applied to the determination of
Hg content in six samples of surface sediments from AresBetanzos Estuary (Galicia, NW Spain). Sampling points
were situated at near-shore zones (# 1, 2, 3) and in the middle of the estuary (# 4, 5, 6); the following Hg concentrations were obtained, respectively: 0.16, 0.12, 0.44, 0.11, 0.21
and 0.31 µg g–1. These values are below than the limit established by the EPA [18] for heavily polluted sediments
(1 µg g–1) but of similar magnitude to the levels found in
other near-shore sediments of the world [19].

Here, the interferent effect was considered to be significant when the absorbance variation signal is more than
±10%. As can be seen, no significant variation was recorded
at the concentrations studied of interfering ions, which correspond to levels much higher than those usually found in
sediment extracts [17].

Conclusion
The method established, using a FI-CVAAS system and
NaBH4 as reductant agent, was found to be very accurate,
precise and exhibiting a high sensitivity for the analysis of
Hg in marine sediments after microwave extraction with
nitric acid in closed vessels. Only Cu2+ and Ni2+ caused serious interferences, but at concentrations higher than those
usually found in sediment extracts. The levels of Hg found
in the analyzed samples corresponded to uncontaminated
sediments.

A separate study was needed to evaluate the effect of
Cu2+ and Ni2+ on the Hg signal. Hg absorbance (10 ng
mL–1) was significantly diminished (> 35%) by Cu+2 and
Ni+2 at concentrations above 2 µg mL–1 and 20 µg mL–1,
respectively. These results are in concordance with other previously reported [9,11,13]. It is important to note that these
values are higher than those found in the acid extracts of
sediments (≤ 0.49 µg mL–1 or 35 µg g–1 for Cu and 0.77 µg
mL–1 or 55 µg g–1 for Ni), being not necessary the addition
of reagents to eliminate these interferences.
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Analytical figures of merit
The analytical response was linear from 0 to 70 ng mL–1 of
Hg, and the working range employed was 0–25 ng mL–1 of
Hg. In order to confirm the absence of matrix effects standard-addition calibration graphs were also run. The regression lines obtained were A = 0.0144 [Hg] – 0.0006
(r = 0.9999) and A = 0.0143 [Hg] + 0.0443 (r = 0.9999) for
aqueous calibration and standard addition graphs, respectively. No statistical differences (at 95% confidence interval)
were found between both slopes. This confirms the absence
of matrix interferences in the determination of Hg in sediment acid extracts by CVAAS applying the established operational conditions.
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