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Abstract

Improvements in the methylmercury extraction from human hair by solid-phase microextraction followed by gas chromatography coupled
to cold-vapour atomic fluorescence spectrometry (GC-CVAFS) have been carried out. They consisted in the optimisation of the digestion step
prior to the aqueous-phase ethylation and in the GC-CVAFS interface set-up. The main digestion parameters such as acid type, concentration,
temperature and time have been optimised for hair sample analysis, thereby avoiding methylmercury degradation. Moreover, the stability of
the digested samples was evaluated to improve the sample throughput.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction At present, methylmercury in hair is analysed through
a three-step procedure: digestion, extraction and determi-

Mercury is a naturally occurring element that is nation. Digestion is an essential step for the release of
widespread in the environment. Human activity can also methylmercury bound to hair. In fact, the high affinity of
release mercury to the environment, increasing the amountmethylmercury for hair is due mainly to the presence of
that is currently cycled in the biosphere. In water or soil, cystine, which makes up approximately 14% of human hair
microorganisms can convert inorganic mercury into a more weight. Methylmercury found in hair is bound either to
toxic organic form, methylmercury. Methylmercury is pri- cystine sulphur or to the sulphydryl (SH) group present in
marily neurotoxic[1-4], uptake by humans being mainly other amino acid§13]. Therefore, the digestion step has
through fish consumptiofd]. Many industrialised countries  to be able to break the existing bonds between hair and
have issued cautionary advisories about eating fish caught inmethylmercury, avoiding methylmercury carbon—mercury
waterways because of the presence of methylmef@liryn bond cleavage. Two kinds of heated digestions have been
spite of persistent efforts by the industrialized countries over used, either acidi¢9,14] or basic[14,15] followed by ex-
the last decades to reduce mercury emission, its decline istraction with hazardous solven{8,15,16] or solid-phase
not yet reflected in the methylmercury levgl§. To assess  extraction [17]. However, in order to avoid solvents,
human exposure, body fluids such as bl¢®®] and urine solid-phase microextraction (SPME) is the technique pre-
[9] or tissues such as hair have been analy8gd]. Hair is ferred[18]. When solvents are used, Hg compounds were
a suitable indicator for biomonitoring of human exposure to determined either directly as chloridgg or bromideq15].
mercury, which reflects organ mercury levels as well as di- For headspace SPME, methylmercury in its ionic form is
etary intake. A convincing relationship between the content non-volatile, in which case a derivatisation step is needed
of mercury in hair and its content in blood has been reported prior to its extraction. Two different derivatising agents
[9,11,12] have already been used, such as sodium tetraethylborate

[18-21] or sodium tetraphenylboratf1,22] permitting
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spectrophotometry (AAS|P4], by GC using atomic emis-  2.2. Apparatus
sion detection (AED)[25], LC interfaced to inductively

coupled plasma mass spectrometry (ICP-NISJ], and the The GC analysis was carried out with a Carlo Erba 4130
most sensitive GC with cold-vapour atomic fluorescence (Milan, Italy) gas chromatograph interfaced to a CVAFS
spectrometry (CVAFS)18,21] Tekran Model 2500 (Toronto, Canada). The injector was kept

The aim of the present work consisted of improving an at 170°C in the splitless mode (3 min). A 30 m 0.25mm
earlier methodology which used SPME and GC-CVAFS de- i.d. fused-silica column coated with a 0.2 thick film of
termination for the first time in the analysis of human hair DB-5 (J&W Scientific, Folsom, CA, USA) was used. Ini-
[18], but has shown poor reproducibility for real samples. tial column temperature was held at 8D for 1 min, pro-
Therefore, it is expected that improving its reproducibility grammed at 15C/min to 220°C, which was maintained for
will make the methodology suitable for routine analysis. For 2 min. After the Hg forms were separated, the column efflu-
this reason, special care has been taken for the hair digesent was fitted to a heated quartz tube (20cthmm i.d.) by
tion stability and its robustness. Important parameters, suchtubular oven at 800C (Raypa BAT 850, Barcelona, Spain),
as type of acid and concentration, temperature, time, vol- which converts the different mercury species tdHa de-
ume and the digestion stability with storage time, have beentection by CVAFS. Argon gas 5.0 grade was used as the
optimised. carrier gas (i.e. 3ml/min) and also as a make-up gas (i.e.

70 ml/min) for the CVAFS detector connected to the system
before the pyrolyzer. All the tubing fittings were of PTFE

2. Experimental material. In parts 2 and 4, all the connections near the py-
rolyzer have to be protected from too high temperatures us-

2.1. Reagents and materials ing Kevlar fibre. Finally, data were acquired and processed
by a Perkin-Elmer Nelson interfaced to a personal computer.

Methylmercury chloride (CBHgCI, 99%) and mercury Injection of solvents in the apparatus has to be limited in

dichloride (HgC}, 99.9995%) were purchased from Strem order to avoid their pyrolysis in the quartz tube at high tem-

(Newburgport, MA, USA), and phenylmercury chloride peratures, which can cause some adsorptions and tube plug-

[(CeH5)HQCI, 97%] was from Fluka (Buchs, Switzerland). ging. For this reason, when using SPME, no soot problems

Sodium tetraethylborate (NaBE®8%) was purchased from  were observed after 100 injections.

Galab (Geesthacht, Germany). Analytical-grade sodium ac-

etate (99%) and acetic acid (99.7%) were obtained from 2.3. Sample preparation and acid digestion

Sigma—Aldrich (Steinheim, Germany). Hydrochloric acid

(25%), sulphuric acid (95%) and methanol for trace analysis  Hair samples were finely cut and placed in 100 ml beakers

were obtained from Merck (Darmstadt, Germany). Nitric and ultrasonically washed with a commercial detergent solu-

acid (60%) was purchased from Quimivita (Barcelona, tion. After vigorous rinsing with a large volume of deionized

Spain). water, hair samples were rinsed with acetone and air-dried.
Stock standards were prepared at 1000 mg/l (as Hg) in The digestion procedure was optimised and carried out

methanol and working solutions were prepared weekly by as follows. Finely cut hair (20 mg) was placed in a 5ml

diluting the stock solutions with methanol in the range Pyrex tube and then acid solution was added (8%0The

of 0.5-500u1g/l as Hg. All standards were stored at@ tube was capped non-tightly and then heated (252000

A fresh NaBEj solution of 1% (w/v) was prepared daily for 10-110 min. Digested samples were stored°& 4 the

in deionized water and stored at°@. A buffer solu- dark.

tion at pH 4.5 was prepared by mixing sodium acetate

(0.2M) and acetic acid (0.2M). A certified human hair 2.4. SPME sampling

reference material from the National Institute of Envi-

ronmental Studies of Japan (NIES, CRM No. 13) was After the digest was cooled down at room temperature, an

purchased. aliquot (25ul) was transferred to a 7 ml glass vial with 3 ml
Dipentylmercury, which was used as the internal standard, of acetate buffer solution (pH 4.5) containing a magnetic

was synthesised in the laboratory using mercury dichloride stirring bar. A 40.l volume of dipentylmercury (14 ng/g),

and the Grignard reagent pentylmagnesium bromide 2 M, as internal standard, was added to the sample and alsb 50

which was obtained from Aldrich (Steinheim, Germany). (12 ng/g) of phenylmercury, which was used as ethylation

Eighty microlitres of HgGJ (600.g/g) and 1Qul of pentyl- quality control. Then, 500 of 1% aqueous NaBgtso-

magnesiumbromide (2 M) were added to 2ml of acetoni- lution was injected through the septum. A 10 poly-

trile. After 20 min, the reaction was stopped by adding 2ml dimethylsiloxane fibre from Supelco (Bellefonte, PA, USA)

of Milli-Q water and cooling down the solution with an was used for the SPME extraction which was carried out

ice bath. Finally, dipentyl Hg was extracted with 2ml of in the headspace during 20 min at 1200 rpm and immedi-

hexane and percolated through a funnel containing sodiumately injected in the GC-CVAFS system. Quantification of

sulphate. hair samples was carried out by external calibration with a



P. Montuori et al./Journal of Chromatography A, 1025 (2004) 71-75 73

A HgEb

Abundance

DipentylHg

(¢ HgEt l
"
MeHgEt ‘
He. J i)
S
4 6 8

L
s}

time (min)

Fig. 1. GC-CVAFS chromatogram of a real hair sample.

R? > 0.99. No MeHg carryover was observed in the studied of MeHg in biota[26]. Acid selection has to compromise
concentrations. In order to statistically evaluate the optimi- between a complete hair matrix digestion and the methyl-
sation results, the SPSS 8.0 software (Chicago, IL, USA) mercury degradation. From the acids evaluated, a complete
has been used. Response surface has been plotted by usifgatrix digestion has been achieved for HN@—-10 M),
the Matlab 6.0 software (Natick, MA, USA). H2SOy (6 M) and the mixture of HCI with SOy (5 M/3 M)
and HNG with H,SOy (5 M/3 M). For all these acids, ex-
cept for HNG, methylmercury was fully degraded to g

3. Results which was detected as HgEFor HNG;, only in the 5 M so-
lution, a satisfactory methylmercury recovery was observed
3.1. GC-CVAFSinterfacing (Fig. 2A). These data are consistent with the fact that an oxi-

dant like HNQ; will be efficient cleaving the S—H bonds in

The optimisation of the instrumental set-up has been car- the hair structure but not strong enough to cleave the C—Hg
ried out in order to obtain a robust and reliable method- bond, which was monitored by an increase irfHgnalysed

ology. Although several configurations were evaluated, the as HgE$.

one exhibiting a better performance is described. The more Another important parameter is the digestion temper-

critical parts of the system are the interface between the GCature, which, due to its relevance, has been optimised
oven and the pyrolyzer and the used quartz tube. In factindependently. Therefore, several temperatures (25, 50, 75
a 20cmx 1 mm i.d. quartz tube has been chosen to mini- and 100°C) have been evaluatedig. 2B). The optimum

mize dead volumes, avoiding band broadening by adding a
make-up gas coaxially after the GC column effluent. This
intermediate part of the apparatus working as the interface
between the pyrolyzer and the GC system had to be ther-
mally isolated in order to avoid the condensation of the less
volatile analytes (i.e. phenylmercury and dipentylmercury).
Finally, the chromatographic parameters such as carrier-gas
flow rate and temperature program were optimised in order
to perform baseline resolution of all the analytes in less than
10 min Fig. 1.
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3.2. Digestion optimisation y
6000/
. £ 5000
As a precedent methodoloi8], it has been shown to be £ 4000
matrix dependent when applied to real samples; all the di- > 3000
gestion parameters were optimised by using real non-spiked £ 2000
hair samples. 2 1000
Several types of acids at different concentrations have gl A : ‘
been evaluated to carry out the digestion of human hair such 2% &0 7B
as HCI (2, 5 and 10M), HN® (2, 5 and 10 M), HSOy (B) Temperature (°C)
(6 M), a mixture of HNQ and HSOy (S M/3 M) and a mix- Fig. 2. (A) Dependence of MeHg extraction from human hair on HNO

ture of HCl and HSOy (5 M/3 M). Also acetic acid has been  concentration. (B) Dependence of extracted MeHg on the digestion tem-

tested as it has been recently reported for the determinationperature.
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Fig. 3. (A) Three-dimensional representation of the modelling corresponding to the optimisation of the digestion time and acid volume usedHgersus Me
abundance for a hair sample. (B) Evaluation of the influence of longer digestion time on MeHg recovery.

condition was 100C, at which a complete matrix digestion were obtained for 180 min, but only slight differences were
was obtained. For safety reasons, no higher temperaturesbserved from 120 to 180 min. Hence 120 min has been cho-
were evaluated. sen as the optimum digestion time and 3%@&s the acid

In order to optimise the HN&volume and digestion time  volume. For this acid volume, the optimum hair amount was
conditions, a star experimental design with a central point 20 mg. In summary, optimum digestion conditions were an
has been carried out (three levels). Experiments were per-acid digestion using 20 mg of hair with 3p0of 5 M HNO3
formed from 10 to 110 mint] and HNG; volumes ) from at 100°C for a duration of 120 min.
380 to 462Qul. A total of 11 experiences have been per-
formed, including three that correspond to the central point. 33 sample analysis
Modelling was carried out using a third-order polynomial
equation. The simplified equation according to the statistical  |n order to evaluate the developed methodology, 22
significance of the different terms fitted to the experimental hyman hair samples with incurred MeHg and a certified

results ®? = 0.994) and was as following: reference material have been analysed. Digestion recov-
eries were calculated using a reference material analysis

Areaverg = 6114 1001 + 16V — 29tV + 50&° obtaining yields 75 11% of the certified value. Ethylation
+186V2 — 983 — 237V3 1) reaction is very sensitive to pH and to the excess of ions

in solution. Therefore, a relatively low concentrated buffer

From Eqg. (1) a positive influence of the digestion time (0.2 M) was used. In order to maintain the optimum ethy-
and a slight negative effect of acid volume on the extraction lation pH value, a 2pl aliquot was transferred from the
was apparent. The best results were obtained for extremedigestion to the SPME vial.
conditions, lowest acid volume (380) and longest diges- For these measurements, dipentylmercury has been used
tion time (110 min) Fig. 3A). From these results, a higher as internal standard. In order to control the ethylation,
methylmercury recovery was expected with longer digestion phenylmercury was used as quality control. In real samples,
times. Therefore, this parameter alone has been optimiseddue to matrix effects, ethylation yield for phenylmercury
(60, 120, 180, 240 and 360 mirfyi§. 3B). The best results  is lower than methylmercury; thus a threshold value of
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50% of ethylation yield for phenylmercury was established. was obtained from the Spanish Ministry of Health through
Therefore, methylmercury values below that phenylmercury the INMA network and the University Frederico Il of Napoli
threshold were rejected. For the analysed samples 23) (Italy) for a post-doctoral fellowship.
monophenylmercury showed an average ethylation yield of
84 £ 23%.
Repeatibility of a same digestion was better than the 5% References
(n = 5) showing the robustness of the analytical procedure.
Also, the reproducibility of the methodology has been tested [1] M. Aschner, J. Pediatr. 138 (2001) 450.
analysing several times the same sample in three different [2] P. Mendola, S.G. Selevan, S. Gutter, D. Rice, Ment. Retard. Dev.

days obtaining a relative standard deviation (R.S.D.) below ___ Disabil. Res. Rev. 8 (2002) 188. _
15% Q”l _ 5) [3] A.F. Castoldi, T. Coccini, S. Ceccatelli, L. Manzo, Brain Res. Bull.

; - _ . 55 (2001) 197.

Flna_lly, the stak_nllty of digested s_ampl_es has peen studied [4] H. Frankish, Lancet 358 (2001) 1518.
analysing three times the same digestion at different stor- [5] C.D. Axtell, C. Cox, G.J. Myers, P.W. Davidson, A.L. Choi, E. Cer-
age times at 4C, up to a month from its preparation. The nichiari, J. Sloane-Reeves, C.F. Shamlaye, T. W Clarkson, Environ.
obtained results show an R.S.D. lower than 10%. Res. 84 (2001) 71.

. [6] US Food and Drug Administratiomttp://www.cfsan.fda.gov/%7Efrf/
Concentrations of the analysed samples ranged from 150 sea-mehg.htm{accessed at 2001),

to 3499 ng/g, with a median value of 819 ng/g. Technique (7] T.w. Clarkson, Environ. Health Perspect. 110 (2002) 11.
detection limit (blank level more than three times its stan- [8] P. Grandjean, R.F. White, P. Weihe, P.J. Jorgensen, Ambul. Pediatr.
dard deviation) was of 40 ng/g and the quantification limit 3 (2003) 18.

evaluated as the lower concentration of the calibration plot [°] H- Akagi, O. Malm, F.J.P. Branches, Y. Kinjo, Y. Kashima, J.R.D.
Guimaraes, R.B. Oliveira, K. Haraguchi, W.C. Pfeiffer, Y. Takizawa,

was 110 ng/g. H. Kato, Water, Air Soil Pollut. 80 (1995) 85.

[10] Anonymous, JAMA 285 (2001) 1436.

[11] H. Al-Shahristani, K. Shihab, I.K. Al-Haddad, Bull. World Health
4. Conclusion Org. 53 (1976) 105.
[12] E. Cernichiari, R. Brewer, J.G. Myers, D.O. Marsh, L.W. Lapham,
. . C. Cox, C. Shamlaye, F. Conrad, M. Berlin, P.W. Davidson, T.W.
_ In this paper, a meth.odqlogy pf analys!ng methylmercury Clarkson, Neurotoxicology 16 (1995) 705.
in human hair in combination with HN§Xigestion, SPME [13] J. Morton, A. Vikki, P.H.E. Gardiner, Anal. Chim. Acta 455 (2002)
and GC-CVAFS determination is presented. The main goal 23.
is to obtain a robust non-invasive technigue that will be suit- [14] J. Yoshinaga, M. Morita, K. Okamoto, Fresenius J. Anal. Chem. 357

able for routine analysis. Special attention has been focused, _ (1997) 279. . .
n the optimisation of the main digestion parameters. Over- 15] N. Vural, H. Unlu, Bull. Environ. Contam. Toxicol. 57 (1996) 315.
0 p 9 p - [16] V. Zelenko, L. Kosta, Talanta 20 (1973) 115.

all R.S.D., considering different digestions, analysed at dif- [17] H.8. Li, F. Chen, X.R. Xu, J. Anal. Toxicol. 24 (2000) 704.

ferent times was below 15%. Also, digestion stability up to [18] S. Diez, J.M. Bayona, J. Chromatogr. A 963 (2002) 345.

a month will be helpful in order to automate the method of [19] R. Fischer, S. Rapsomanikis, A.O. Meinrat, Anal. Chem. 65 (1993)
determination. The robustness of the developed methodol- 763

il b helpful tool for impl tati . idemi [20] Y. Cai, S. Monsalud, K.G. Furton, R. Jaffe, R.D. Jones, Appl.
ogy will be a nelptul tool Tor Implementation In epiaemio- Organomet. Chem. 12 (1998) 565.

logical studies involving a large number of samples. [21] Y. Cai, S. Monsalud, R. Jaffe, R.D. Jones, J. Chromatogr. A 876
(2000) 147.
[22] Y. Cai, S. Monsalud, K.G. Furton, Chromatographia 52 (2000) 82.
[23] C. Chai, W. Feng, Q. Qian, M. Guan, X. Li, Y. Lu, X. Zhang, Biol.
Trace Elem. Res. 43 (1994) 423.
. . [24] W.K. Chen, Y.C. Wang, M.S. Kuo, Anal. Sci. 18 (2002) 255.
The authors wish to thank Dr. J. Sunyer and Dr. N. Ribas [25] m.k. Donais, P.C. Uden, M.M. Schantz, S.A. Wise, Anal. Chem. 68
from IMIM for providing the hair samples and Mrs. R. Mas (1996) 3859.

and Ms J. Jiménez for their technical assistance. Funding[26] S. Tutschku, M.M. Schantz, S.A. Wise, Anal. Chem. 74 (2002) 4694.

Acknowledgements


http://www.cfsan.fda.gov/%7Efrf/sea-mehg.html
http://www.cfsan.fda.gov/%7Efrf/sea-mehg.html

	Improvements in the methylmercury extraction from human hair by headspace solid-phase microextraction followed by gas-chromatography cold-vapour atomic fluorescence spectrometry
	Introduction
	Experimental
	Reagents and materials
	Apparatus
	Sample preparation and acid digestion
	SPME sampling

	Results
	GC-CVAFS interfacing
	Digestion optimisation
	Sample analysis

	Conclusion
	Acknowledgements
	References


