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Abstract

A method has been developed for mercury speciation in water by using columns packé@Mvittiia vulgaris immobilised on silica gel. The
method involves the retention of GHg* and Hg* in micro-columns prepared by packing immobilised algae in polypropylene tubes, followed
by selective and sequential elution with 0.03 and 1.5 M HCI forB#f and Hg*, respectively. The adsorption capacity of the micro-algae for
Hg?* and CHHg" has been evaluated using free and immobiliSedkigaris. The efficiency uptake for both species at pH 3 was higher than 97%.
Studies were carried out on the effect of retention and elution conditions for both species. Furthermore, the stability of mercury species retai
on algae-silica gel micro-columns and lifetime of the columns were also investigat&dsiitgved a higher stability than GHg* at 0°C (21 and
3 days, respectively) and a better lifetime than for the organic species.

The developed method was applied to the analysis of spiked tap, sea and wastewater samples. Recovery studies on tap and filtered sez
provided results between 963 and 106+ 2 for Hg?* and from 98+ 5 to 107+ 5 for CH;Hg*, for samples spiked with single species. For samples
spiked with both CHHg* and Hg*, the average recoveries varied from-96 to 99+ 3 and from 103t 6 to 115+ 5 for Hg?* and CHHg",
respectively. However, the percentages of retention and elution on wastewater and unfiltered seawater were only adequate for the inorganic sp
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction [1]. However, taking into account that 95% of the organic mer-
. ] ] _cury in the environment is present as £, it is important

Mercury is not an essential element for plant or animal lifeyy gevelop easy analytical procedures to selectively determine
and it is a potential environmental toxic because of its tendencEH3Hg+ and Hg*. In this way, a simple alternative is the use
to form covalent bonds with organic molecules and the highy hiological substrates such as algae, bacteria, yeast and fungi.
stability of the Hg-C bond. CHHg* and Hg " are the most sig-  The wide spectrum of potential interactions between metal
nificant species of mercury in aquatic medium ancsB8" can  jons and biological substrates make them selective adsorbents
be naturally produced from Hg by sulphate reducing-agent for metal species. So, bio-sorption has been largely employed
bacteria. Moreover, C¥Hg" is more harmful than HY due to  for trace metal accumulation and evaluated as a potential spe-
its ready diffusion through biological membranes. These factgjation and preconcentration methf]. However, only a few
have impelled the development of methods for mercury specianicroorganisms have been used for metal speciation: yeast as
tion in water. To determine the different mercury species (methygacchammyces cerevisiae (Hg [3-5], Cr [6,7], As [8], Sb and
mercury, phenyl mercury, ethyl mercury, etc.) hyphenated techse(9)): bacteria agseudomonas putida (Se[10], Se-cystamine
niques has been widely used. These systems are based on Eh]@], Se-methionine and Se-urd2], Hg(ll) and Hg(1)[13,14]),
use of a powerful separation technique (gas chromatography. serichia coli (Se[10], Hg(ll) and Hg(1)[13,14]), Spirulina
(GC), high performance liquid chromatography (HPLC), capil-pla,ensis (Se[15], Cr and SH16]), and fungus a® purpuro-
lary electrophoresis (CE)) coupled to a sensitive atomic detect%renum (As(111), Hg(11), Cd(l1) and Pb(I1)[17]) andP. chrysospo-

rium (Hg(ll) [18,19]).

mpondmg author. Fax: +34 981 167065. Unfortunately, microorganisms are formed by small particles
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native biomass is not practical being necessary to carry out thgottles of 1 L, with airflow of 10 L i, at a constant temper-

microorganism immobilisation in or on a solid support. But, theature of 22C and the cultures were illuminated for 12 h every

immobilisation procedure could affect the adsorption capacity ofjay.

microorganisms. So, it is necessary to evaluate the immobilised The algae were harvested in amedium with a mixture of micro

biomass propertief0]. and macronutrient solutions in the ratio of 3mL (micro) per
On the other hand, the speciation in water samples stillitre (macro). The macronutrient solution composition (md).

presents several difficulties related to losses or species trangas: NaN@ 1000; KobHPOy 75; KHoPOy 175; MgSQ-7H,0

formations during sampling, handling and storage stages. Thugs0; NaCl 250; CaGl 196. Micronutrient solution composi-

alternative sampling and handling procedures are interesting fjon (mg L~1) was: HsBO3 186; MnCh 415; ZnCp 3.2; CuCh

speciation analysif21]. In this way, sampling methods based 11.4x 10-3; CoCh 1.3; FeC4 159.9; NaMoO,-2H,0 7.2;

on “in situ” species separation using solid adsorbents packed iIRa,EDTA-2H,0 300. The nutrient solutions were added to the

micro-columns have been developed (AmbefR2], polymers  cultures fortnightly.

[23], diatomeous eartf24], C18[25], sulphidryl cotton fibre Cell density is an important parameter, which affects the

[26], silica gel[27] or alumina[28]). Moreover, “in situ” ana-  percentage retention. Ageing and growth of algae have been

lyte elution after sampling for unstable species can be realizegegulated by the feeding frequency and culture conditions. The

[29]. optimum value for mercury species retention was in the range
The aim of the paper is to develop a method fo”Hgnd  from 5th to 10th growth day (10 mL of culture are equivalent

CHsHg" speciation by using columns packed with a biologicalto 1 mg of dry weight). The media and all materials used were

substrate (Chlorella vulgaris) immobilised on a solid support sterilised by autoclaving at 12C.

(silica gel). The algae was chosen due to it can be grown in

large quantities with relative ease and it presents a simple han-3. Instrumentation

dling. Silica gel was chosen because of its large specific surface

(675n? g~1) and homogeneous porous surface. Several analyt- A Perkin-Elmer Model AAnalyst 800 Atomic Absorption

ical applications (sampling of different water and the storage oEpectrometer coupled to a flow injection system (FIAS 400)

adsorbed species) were also evaluated. equipped with two multichannel-peristaltic pumps, a five port-
valve with a PTFE-reaction coil (5Q0L) and a mixture mani-

2. Experimental fold coupled to a membrane gas—liquid separator was employed
for mercury species determination. An electrode less lamp oper-

2.1. Reagents ating at 170 mA was used and a spectral bandwidth of 0.7 nm

was selected to isolate the 253.7 nm mercury line.

A 1000 mg L=t Hg?* stock standard solution (Panreac) was Mercury cold vapour was generated in hydrochloric acid
used. A 1000 mg t! CH3zHg" stock standard solution was pre- medium (3% v/v) using 0.2% (w/v) NaBHas reducing agent
pared by dissolving the suitable amount of §#4CI (Aldrich)  and it was carried by an argon stream (50 mLninto the
in Milli-Q water. Working standard solutions were preparedatomisation cell. The analytical measurement was based on peak
daily and a higher concentration for GHg* (100pgL~1)than  height and three replicate determinations were realised each
for Hg?* (20pgL~1) was used in the different experiments. time.

This choice was realised due to the cold vapour formation is An Eppendorf centrifuge Model 5804 and a solid phase
lesser effective from CgHg" than from Hg*. Furthermore, extraction system (Supelco) coupled to a Millipore vacuum
the CHHg" solutions were stored away from light to prevent pump was employed.

decomposition.

A 0.2% (w/v) sodium tetrahydroborate(lll) solution was daily 2.4. Analytical procedure
prepared by dissolving NaBHpowder (Merck) in Milli-Q
water, stabilising in 0.05% (w/v) NaOH (Panreac) and filtering.2.4.1. Immobilisation procedure
Hydrochloric acid solution (3%) was prepared by appropriate The algae cells were immobilised using a method developed
dilution of 37% (v/v) hydrochloric acid (max. 0.0000005% of by Mahan and Holcombg80]. Silica gel (0.2 g) was washed

Hg, Panreac). . twice with 10 mL of 0.2 N HCI for 10 min with continuous stir-
Silica gel Merck grade, 35—-70 meshes, particle sizé& 40 ring. The acid solution was discarded and the silica was washed
(Aldrich) was employed. using 10 mL of deionised water to eliminate the acid medium.

All chemical reagents were of analytical reagent grade ané 20 mL of C. vulgaris (2 mg of dry weight) were centrifuged
deionised water was obtained using a Milli-Q System (Milli- at 2000x g for 5min. The supernatant was discarded and the

pore). wet algae biomass was homogeneously mixed with the silica
gel. The resulting paste was heated in an oven &tC7€r
2.2. Culture conditions 4 h. Afterwards the mixture was wetted with 2 mL of deionised

water and mixed until homogeneous. Then it was heateda 70
C. vulgaris biomass was supplied and characterised byuntil it was completely dry. The silica-algae briquette obtained
Microbiology Department from the University of A Cdia.  was cooled and gently broken to retrieve the original particles
The biomass cultures were grown in an aquarium in glassize.
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To check the effect of the support (silica gel) on mercury
species retention, a treated silica gel without biomass (acid-
washed silica gel dried at PC using the same procedure men-
tioned above) was prepared.

2.4.2. Batch procedure

A 20mL of C. vulgaris were centrifuged at 2000 g for
5min, the supernatant was discarded and the centrifuged alga
biomass was collected. The standard solutions of mercury
species (10 mL) were added to the collected biomass. They were
in contact at the optimum pH for 5 min with continuous stirring.
The supernatant was separated from the algae by filtration (filter
paper Whatman 41) and the species in it were measured using
flow injection analysis-cold vapour atomic absorption spectrom-
etry (FIA-CVAAS). The assay and analytical measurements
were realised by triplicate.

To study the effect of th€.. vulgaris immobilisation and the  Fig. 1. Effect of pH on H§* and CHHg" retention byC. vulgaris or silica
treated silica gel on the retention of mercury species the samgel.
procedure mentioned above was employed.

retention of CHHg* and Hd* by silica gel andC. vulgaris is

2.4.3. Column procedure h As it b th . tenti i |
The adequate adsorbent amount (0.5g of treated silica own. AS It can be seen, the Species retention on silica gel was

gel or C. vulgaris immobilised on silica gel) was packed in on_1inated by the_ protonation of silanol superficial grou_psa(pK

a polypropylene micro-column (6.5cm0.9¢cm i.d.) with a of silanol groups is between 4 and3®L]). So, the gdsorptlon of

porous polyethylene frit. Afterwards, the columns were couple ercury species decreased fp r pH %mﬂe. t9 silanol groups

to a solid phase extraction system with an air vacuum pump. are proionated, "ind the ret.ent|on was negligible ant 28 for
Before running the samples, the columns were washed WitﬁIHgthandﬁgz h rengcﬂvelybat p'}[ 3. d that th : f

10 mL of deionised water in order to eliminate non-immobilised n the other hand, it has been found that the retention o

+ ) S
biomass particles, which could interfere in the measuremenf-r 818" 0N C. vulgaris was quantitative at the pH-range stud-
Then, 10 mL of working solution containing Bty (20pg L~2) ied; whereas the retention of Rigdecreased at basic pH and

and/or CHHg" (100pgL1) were passed through the col- reached values higher than 93% atgR. This behaviour could

umn at a flow rate of 2mL mint. The mercury concentration be explained because of the organic moiety otB" allows

in the eluate was measured by FIA-CVAAS to calculate theb'o‘"]‘CClmL"a'[Ion by p_asswed|ffu5|on|nto thg cell mdepe_n_d_ently
retention. of the pH. However, in the case of Figthere is the possibility

The selective elution of the retained gig* and HF* was of different bioaccumulation mechanisms (i.e. passive diffusion,

carried out sequentially with 10 mL of 0.03 and 1.5M HCI, complexation or adsorption to the cell wall).

respectively. The mercury species concentrations were deter- It was observed that W'th_ PH 3 th_e_:re were not S|gn|1_‘|ca_nt
mined by FIA-CVAAS. adsorption of mercury species by silica gel and quantitative

Pgtention of CHHg" and Hg* by C. vulgaris was achieved.

n this way, the algae immobilised on silica gel may be used for
the retention of mercury species, being the biomass responsible
for the uptake.

The assay and analytical measurements were realised by tri
licate.

3. Results and discussion

3.1. Study of CH3Hg™ and Hg** retention on a batch 3.1.2. Effect of C. vulgaris immobilisation on species
system retention
Algae immobilisation on silica gel is based on an adsorp-
The batch procedure described above was used to establisbn process, which requires a dry step of the biomass-support
the optimal conditions of accumulation by the algae (free andnixture. The temperature can produce variations on the algae
immobilised) and the effect of the support (treated silica gel) orstructure changing the retention of mercury species. Thus, the

CHsHg" and Hg retention. effect of drying temperature on the retention of £Etg* and
Hg?* by C. vulgaris was investigated.
3.1.1. Effect of pH on species retention For this study, the batch procedure using biomass dried at dif-

Retention of ionic species is highly dependent on pH, duderent temperatures (25-110) and pH 3 was performed. As
to the surface charge of the adsorbent (silica gel or biomassfcan be seen ifrig. 2, the retention for both species decreased
and the ionisation degree of the analyte are conditioned by theith drying temperature especially between 70 and°X1(from
solution pH. The influence of pH on mercury species retentior®6+ 3% to 814 2% for Hg?+ and from 85+ 3% to 74+ 3% for
was assessed in the range 2-12 for each caskiglnl, the = CHsHg"). This fact is probably due to biomass was charring
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Fig. 2. Effect of theimmobilisation temperature on¥gnd CHHg* retention.

120+
and a shrinking of cell membrane was produced. S6C7@as -
chosen as the optimum drying temperature for the algae immo-
bilisation.

Before packing the immobilised algae on columns, a study of
the species retention iy vulgarisimmobilised on silica gel was
realised. For this assay, 0.5 g of immobilised biomass and pH 3
were employed. The results had shown a quantitative retention
of CH3Hg" (994 3%) and Hg* (1014 1%). The same study 0 ”‘m : “m o 00 005
using 0.5 g of support (acid-washed silica gel dried &tG0wvas ’ o [HC'”', M o
carried out and negligible G#ig* (0+ 5%) and 8 9% Hg?*
were retained.

804

60

% Elution

Fig. 3. Influence of the HCI concentration on Hgand CHHg* recovery.

3.2. Speciation study using a column system on silica gel surface, which get damage the immobilised adsor-
) _ bent and produces non-reproducible values when recycling col-
Uptake and elution processes are governed by different faG;, \as used. Due to the high affinity of hydrochloric acid by

tors (pH, flow rate, sample volume, analyte concentration, eluq ey species and its low interaction with silica, it was chosen
tion volume and sample matrix). To check the effect of theas eluent

experim+ental conditions, separate solutions containingHef To check the influence of the HCI concentration or?Hand

and H¢f were passed through the columns and the column propy o+ elution, different concentrations of the HCI solutions
cedure described above was carried out. Once the retention amio mL) were tested for each case. For this study, solutions of
elution procedure was optimised, mixtures of{Et* and Hg* 10 mL containing either Hi or CHgHg* were passed through

were used. the columns at the optima conditions and the elution was carried
out. Asitcan be seenifg. 3, the use of 0.03 M HCl allowed the
3.2.1. Effect of flow rate on species retention selective elution of CkHg" in the presence of Hg. The quanti-

Itis important to choose a flow rate that ensures an adequatgtive elution of H§*+ was only possible with HCI concentrations
mercury species uptake. So, the influence of flow rate on specigggher than 1.5 M. The recovery (% elution) was calculated for
retention was studied between 2 and 10 mLTﬁlnAlthOUgh ng"' or CH3Hg+ retained. A 2 M HCI solution was tested as a
flow rate did not affect the species retention, it was observe@|ank for the mercury determination by FIA-CVAAS. The signal
that standard deviation (S.D.) values increases at flow rate highgptained was negligible.
than 2 mL mirr® (from 98+ 1% to 94+ 6% for HE* and from The next step was to determine the minimum volume of elu-
99+ 1% to 96+ 12% for CHHg* with 2 and 10mLmint,  ents needed to release Hegand CHHg* quantitatively from
respectively). Thus, sample flow rate of 2 mL mirwas chosen  the columns. Different volumes of 0.03 M HCI for GHg* elu-
as appropriate in the retention processes. tion and 1.5 M HCI for Hg" elution were evaluated. The results

To check the effect of silica gel on mercury species retentiongre shown inFig. 4. The retained organic species was quanti-
columns filled only with silica gel were also tested. Analysistatively eluted with 10 mL of acid and it was observed that the
of the eluates showed that Hgand CHHg* remained in the  percentage of elution decreased with volumes lower than 10 mL.

solution. The elution of H§* was quantitative with 4 mL of 1.5M HCI
(recovery of 9Gt 3%).
3.2.2. Selective species elution Inorder to check the suitability of the method, 10 mL of work-

Since the selective retention of both mercury species was ning solutions containing mixtures of GHg* and Hg* were
possible, the separation of Bigand CHHg" through selective  passed through the columns at the optima conditions. Results
elution was investigated. Several mercury complex agents (e.ad shown that both species were retained up to the same extent
Cl=,NOs~, CN—, EDTA, $03%-, cysteine, thiourea, etc.) can than the separated ones (93% and 96+ 2% for CHHg*
be used for species elution. However, some of them are adsorbadd Hg*, respectively). Afterwards, the sequential elution of
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100+ Table 1
Retention capacity of immobilised vulgaris
80+ - -
= v Eli % Adsorption (g Hg retained/g adsorbent)
= 601 Hg" -
= ’ CH;Hg* [Hg2+]0 (P«g L 1)
=) 20 9742 0.39+ 0.01
& 50 97+1 0.97+ 0.01
20 100 97+3 1.94+ 0.06
200 9142 3.64+ 0.08
0 -
2 4 p 3 10 500 6644 6.60+ 0.40
Elution volume (mL) 1000 33+3 6.60+ 0.60
CH3Hg* Lt
Fig. 4. Effect of the elution volume on Hgand CHHg* recovery. [ 13009 Jo (g ) 98+1 1.82 + 0.02
200 95+1 3.51+ 0.07
CHsHg* and H* was carried out by passing through the col- 390 90+3 5.00+0.11
10mL of 0.03M HCl and 4 mL of 1.5 M HCI. The eluti 400 8842 651+ 0.22
u_mn mL of 0. an N mL of 1. . +e elution ;4599 7543 13.90+ 0.56
yields were 95+ 8% for CHsHg" and 91+ 5% for H?. 2500 73+ 4 34.10+ 1.88

3.2.3. Effect of sample volume on species retention:

preconcentration factor tion did not produce a significant variation on the retention, and
There is a maximum volume (breakthrough volume), whichfor higher concentrations than 20@ L~1 a sharp decrease was

can be used in solid phase extraction. This parameter dependbserved. The retention of GHg* remains quantitative up to

on the affinity of the adsorbent by the analyte. 300ng L. However, it was observed that the total amount of
To study the influence of sample volume on species reterretained analyte appeared to be increased with the concentration

tion, a constant total amount of analyte (2000 ngHy 5000ng  of mercury species. The saturation on the retention Gf s

CHsHg") in different volumes (10-500 mL) was passed throughreached at 6.9 Hg (g adsorbent)!.

the columns at the optima pH and flow rafég. 5shows that for

highervolumes than 10 mL asharply decrease ogiifireten- 35 5 Study of column reutilization

tion is observed (9% 3% for 10mL and 74 4% for 25 mL). Lifetime of the columns was investigated. Three differ-

This fact is probably due to a washing effect for large samplnt columns were used for each mercury species and the

volume was produced. However, the amount ofHeptained  retention-elution processes were consecutively carried out.

in the columns remains constant up to a volume of 300mL.  Between the working cycles a column-washing step with 10 mL
Considering the minimum elution volumes (see previousjejonised water at 2 mL mirt was performed.

section), the preconcentration factor was 75 foFHand pre- For inorganic mercury better results than for £Et* were
concentration of CkHg" was not achieved. observed. The retention and elution of #igvas quantitative

up to five working cycles (retention of 982% and 98t 3%
3.2.4. Evaluation of the adsorption capacity of immobilised and elution of 97 4% and 10H- 10% for the first and the fifth
algae cycle, respectively). Afterwards, the columns could not be used

The rate of H§* and CHsHg" uptake by immobilised”.  due to the biomass was dragged from the support.
vulgaris is an equilibrium process, which becomes gradually However, the retention and elution of GHg* was only
saturated, and itis highly dependent on surface-active sites. Thfjantitative up to two working cycles and a strong variation for
retention capacity of the adsorbent was investigated by usinghe third cycle was observed (retention of-93% and 65+ 6%
10 mL of solutions at different Hg or CHgHg" concentrations.  and elution of 99 6% and 148 14% for the first and the third
As it can be seen (Table 1) a 10-fold increase of Hmpncentra- cycle, respectively).

1007 3.2.6. Influence of other ions on mercury species retention
- The effect of other metal ions on the retention and elution of
the mercury species was investigated. For this purpose, the fol-
— [He” lowing ions: AP*, C&*, Cd*, C*, CU#, Feé, Mg?*, Mn?*,
§ Ol Ni2*, PB** and zrf* as NG, K* and N& as CI, S&* as
SeQ?~, V> as VO;~ and CF* as CpO72~ were added indi-
vidually to the working solution at 1000 or 1Q@ L1 (for
: Hg?* and CHHg* studies, respectively) and the procedure was
— L ) ; carried out. The results obtained were compared usintest

100 2000 300 500 (95% confidence level) to those found when the procedure was

Volume (mL) realised without ions in the solution.

Fig. 5. Influence of sample volume on uptake of?Hgnd CHHg* by C. A significant decrease on the elution recovery of?Hg
vulgaris immobilised on silica gel. was observed with the presence of*y and the others

i
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stability of methyl mercury was considerably lower than for the
inorganic ones. Thus, the recovery was quantitative after 2 and
3 days of storage at 6 and' G, respectively.

The main processes responsible of mercury species losses are
decomposition, volatilisation and adsorption on the wall of the
columns. To quantify the later process, the columns used for the
study of 42 days after storage were washed with 10 mL of 7%
HNOs to desorbs species from the wall of the columns. Then,
Hg?* or CHsHg" was measured in the washing solutions. The
results showed thatthe adsorption of inorganic species to the wall
of the column was not produced, while 307r% and 19+ 3%
of total CHsHg" at 6 and O'C, respectively was adsorbed to the

aforementioned ions did not produced any variation on th&'all

retention and elution yield at 95% confidence level. However,

the retention of the organic species was significantly different-3-2- Application of speciation method to real water

when AB*, Zm?* and Se@?~ were added. Furthermore, it was $@"ples .

observed that the elution of GHg* was interfered by C, It is very wgll k_novyn that the use of substrates for_ metallic

Mn2* and Zr?*. The variation on the retention and/or elution of SPECIES retentionis h|g_hly depend_e_zpt on sample matrix. In order

CHsHg* could be explained by competition for the superficial to ascertain the analytical possibilities of the proposed method

active sites of the adsorbent. for real samples unpolluted water samples (tap water, seawater
On the other hand, the influence of the mentioned ions on th@d industrial discharge water) were spiked with?Hgnd/or

mercury species determination by FIA-CVAAS was also invesCHsHG" and analysed following the proposed method.
tigated. For this purpose, the standards solutions of calibrate 10 collectthewater samples bottles of 1L (previously washed
were spiked with the ions at 1000 or 1@ L~ for Hg?* and for 24 h with 10% HNQ and thoroughly rinsed three times with

CHsHg" studies, respectively. The results had shown a S”ghgeionised water) were used. The container was rinsed with the
and reproducible decrease on §Hy* signal (approximately water sample and the sampling was performed. Preserving agent
30%) when AF* and SeG2~ were added. was not added due to samples were processed within 1 h. The

mercury speciation method was carried out using filtered and
unfiltered water samples (five replicates in every cases). To filter
the samples Millipore 4pm filters were used. Furthermore,
filtered water sample blanks at pH 3 were analysed and signal
from mercury species was not detected.

Fig. 6. Stability of HF* on the column as function of time and temperature.

3.3. Applications

3.3.1. Study of species stability

After loading the species on the column it may be advan . X . o
tageous store them for extend periods of time. Therefore, the 'The retentlon gnd elution yleldsiwere quantltatlvely Qeter-
stability of the mercury species loaded on the columns Wagnlned by using calibrate prepared W'th the sample_ matrlxm_each
investigated under different storage conditions. Three column ase. Observed percentage of retention and elution are given in

were employed for each time, temperature and mercury speci thgble 2. 'I;he re:e_ntlor;]_?f ltf]g d'dt nott_ S|gn]:f|can:£|y charlge Wl'th
studied. Different columns were loaded with #igr CHzHg* € sample matrix, while the retention o @_ Hg was strongly
affected by the complexity of the matrix (industrial wastewater

solutions and their elution was carried out 1-3, 7, 14, 21, 28; d unfiltered Thi Id b lained by th
35 and 42 days after storage in different temperature condition§nd unfiltere seawater). This could be explained by the pres-

The results are given ifig. 6for Hg2* andFig. 7for CHsHg" ence of organic matter, which can form stable complexes with
. . . +

As it can be seen, Hg had a high stability at 0C being the CHgth‘ her hand. th btained in the eluti

recovery quantitative after 21 days. However, the recovery was ndt eot der anh, the recl:ov_e ryc]: tr?lne Int eSe ution pro-

only quantitative up to the third day at€, and it was decreas- Cess depends on the complexity of the matrix. Sogl3yt

ing gradually for higher storage periods of time than 3 days. Thglution yields forvyaste\{vater were higher than 1000./0 (itcould be
due to complexation with matrix components, which can vary

cold vapour formation) and the elution of Hgwas slightly
decreased in this kind of samples. So, the proposed method
1004 only allowed mercury speciation for tap water and filtered
80+ seawater.

1204

[ 6%
e 3.3.3. Analytical characteristics of the method
The analytical characteristics of the developed method

204 for CH3Hg' and Hg* speciation in aqueous solutions were
0= evaluated. The analytical parameters have been calculated in

b2 3 7 1B d &R B3 8 deionised water, tap water and filtered seawater due to the reten-

Feriod Gme (day) tion and elution of mercury species in these matrixes were not

Fig. 7. Stability of CHHg" on the column as function of time and temperature. affected by strong interferences.

6(H

% Recovery

404
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Table 2
Influence of sample matrix in uptake and elution yields
Sample Added (ng L) Uptake (%) Elution (%)
Hg?* CHszHg* Hg?* CHzHg* Hg?* CHzHg*
Deionised water 20 0 98+2 97 +4
0 100 97+3 P+ 6
20 100 96+2 %5+3 9+5 %5 +8
Tap water 20 0 99+ 2 106+ 2
0 100 90+ 2 107+ 5
20 100 97+2 N+2 P+3 115+ 5
Filtered seawater 20 0 99+ 2 %+ 3
0 100 84+6 BW+5
20 100 99+2 84+6 ®B+5 103+ 6
Unfiltered seawater 20 0 9942 NVD+2
0 100 50+ 4 103+ 2
20 100 9942 2+10 108+ 8 131+ 20
Filtered wastewater 20 0 96+ 3 8B+4
0 100 66+9 108+ 4
20 100 96+3 66+9 B+4 119+ 6
Unfiltered wastewater 20 0 87+3 76 + 13
0 100 78+ 6 2114+ 15
20 100 87+3 78+6 8 + 10 168+ 11

The limits of detection were calculated using proceduralthe method using. cerevisiae the maximum period of time
blanks prepared by performing the retention—elution processeaxf 1 week at—20, 4 and 20C was achieved. This difference
with each water sample. The limits of detection achieved (estimay be due to the inorganic mercury is bound to the support in
mated by 3S.D./b, where S.D. is the standard deviation of 1@he latter method and it could be transformed by the substrate
measurements of the blank ahds the slope of the calibra- during storage. Howeves, cerevisiae is a medium more ade-
tion line) were 0.5, 0.5 andjig L~! for Hg?* and 2.0, 2.0 and quate tharC. vulgaris to stabilize CHHg* when long periods
4.0pg L1 for CHsHg" in deionised, tap and filtered seawater, of storage are required before analysis. These results are of great
respectively. interest since the use of these micro-columns allows the storage

In order to evaluate the recovery of the mercury species andf mercury species until analysis, avoiding the problem associ-
the precision of the method, different water samples (deionisedted with maintaining species integrity in aqueous solution. This
water, tap water and filtered seawater) were employed. For eadact makesC. vulgaris immobilised on silica gel as a promising
case, five columns were loaded with 10 mL of water samplelternative to conventional water sampling for mercury species
spiked with 100 and/or 2Qg L~ of CHsHg" and H&*, respec-  analysis. Furthermore, the half-life of the column (five and two
tively. Afterwards, the elution procedure was carried out. Theworking cycles for H§* and CHHg", respectively) is poor, but
recoveries and standard deviations (S.D.) for both species wetkis adsorbent presents the advantage of a very low cost.
adequate (se&able 2). On the other hand, the inconvenience of the method for real
sample is that the complexity of the water matrix affects the
retention of CHHg" and the elution of both species. So, an
important problem has emerged for wastewater and unfiltered
seawater, which requires further careful study about the effect

allows the retention of CkHg* and Hg* from water samples of the dissolved organic matter on the retention and elution pro-

and their sequential elution and determination. So, the methotfSS€S: So, the develqped method can be applied to mercury
described provides a simple and inexpensive way for mercur§pec'at'°n of tap and filtered seawater, and to the analysis of

speciation. A drawback of the procedure is that it requires largiorganic mercury for unfiltered seawater and filtered wastewa-

elution volumes to quantitatively remove the previously retained®"

CHzHg*. Furthermore, the maximum volume that can be run

through the column without any decrease inrecovery ofi@gt ~ Acknowledgements

was 10mL. So, the organic species cannot be concentrated.

Pérez-Corona et al. had used another substrate (S. cerevisia¢) The authors would like to acknowledge Microbiology
free [3] and immobilised on silica gel for Hg speciatiph5] ~ Department (University of A Coiite) for providing the C. vul-
and the preconcentration of both mercury species was obtaine@iaris biomass and their help. P. Tajes-Ntaez acknowledges
The proposed method presents the advantage tHdtisigiore  to the Secretaa de Investigaéin e Desenvolvemento (Xunta de
stable since it remains unaltered for 21 days @ Owhile with ~ Galicia) the concession of a PhD. Grant.

4. Conclusions

This study shows that. vulgaris immobilised on silica gel
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