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Methylmercury Monitoring in Rainwater
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Combination with GC-AFS and GC-ICP-MS
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In a monitoring study an analytical technique
with atomic fluorescence (AFS) detection was
used for methylmercury determination in at-
mospheric precipitation from the Baltic Sea at
ultra-trace level. The methylmercury values in
atmospheric precipitation obtained by the AFS
system ranged from below the detection limit to
0.32ng Y. The concentrations of methylmer-
cury made up about 1-4% of the total mercury
concentrations. Recently, when artifact forma-
tion of methylmercury had become an issue the
analytical technique used was checked with a
stable enriched mercury isotope for artifact
formation of methylmercury during analysis.
The analytical system, normally coupled with
atomic fluorescence detection, was used with a
mass spectroscopy, (ICP-MS) detector for iso-
tope-specific mercury detection. The sam;ales
were spiked just before analysing with?°®Hg=".
A possible unintentional transformation into
methylmercury during the analytical procedure
could be detected with the isotope-specific
methylmercury determination method. The re-
sults have shown that a direct ethylation of
methylmercury in an atmospheric precipitation
sample by sodium tetraethylborate produced no
significant amount of artifactural methoylmer-
cury due to the spiked enriched 2®Hg?*.

However when the water vapour distillation
was applied for aqueous rain samples containing
visible particles, an artifactural formation of
methylmercury was observable. The particles
were responsible for this formation. Copyright
© 1999 John Wiley & Sons, Ltd.
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INTRODUCTION

In international monitoring programmes, ongoing
measurement of heavy metals in wet deposition is
becoming an increasingly central role in the
production of basic data. The data are used for
validation of transport models which estimate the
atmospheric input of heavy metals to the environ-
ment. Methylmercury plays an important role in the
balance of global mercury circulation, including
transport and deposition processes at the atmo-
sphere/aqueous and atmosphere/soil interfate.
Methylmercury is a relatively stable compound and
can be washed cut of the atmosphere by rain.
Measurements of total and methyl-mercury are
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the research projects of the German FEA (Federal

JEnvironmental Agency), measurements of mercury

in wet deposition have been carried out by the
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Figure 1 Top: GC-AFS systemfor the determinationof methymercury. After desorptionthe ethylated
mercurycompoundsvereseparate@n the columnanddetectedafter pyrolysisby atomicfluorescenceBelow:
GC-ICP-MSsystem.With the sameprocedurethe separatednercury compoundswere detectedby mass-
specificlCP-MS. An isotope-specificdeterminationof methylmercuryis thuspossible.

Nordum Institute at monitoring stations on the
Baltic Seaand North Seacoastssince1993;these
haveincluded methylmercurydeterminationslur-
ing the lasttwo years?

In the lastyearresearcherfavereportedon the
artificial formation of methylmercuryduring the
analytical process,and it has becomeis more
importanta issue>™® Thereforeit wasnecessaryo
investigate the analytical procedurewhich was
appliedto the determinationof methylmercuryin
the large quantity of samplesmeasuredin the
researchHramework.Examinationof the methodby
coupling with an ICP—MS, and involving isotope
experimentgo observeunintentionalspeciegrans-
formation processedluring the determinationof
methylmercury’ ! is describedin the following
sections.

Copyright© 1999JohnWiley & Sons,Ltd.

EXPERIMENTAL AND OPTIMIZED
WORKING CONDITIONS

Reagents, standard solutions and
derivatization procedure

A stock solution of methylmercurychloride was
preparedn methanol-wate(50:50v/v) andstored
in the dark at 4°C. An enrichedstable mercury
isotope®®™Hg?" standardwas preparedby dissol-
ving 10mg of 2°®HgO from ChemotradeChemie-
handelsGmbH in 1 ml HCI anddiluting to 10 ml
with high-purity water. The enrichment of the
20%g0 was 96.41%; the natural abundanceis
23.13%. The ethylation reagent,a 1% sodium
tetraethylboratesolution in water in an argon
atmospherewas subdividedinto 1.5-ml portions

Appl. OrganometalChem.13, 789-794(1999)



METHYLMERCURY MONITORING IN RAINWATER

791

Rain Water Sample
Hg?, CH;Hg

Derivatisation with NaBEt, at pH=4.9
Formation of Hg(C.Hs). , CH; HgC:Hs
Purging of the volatile Hg species
Enrichment on TENAX

Drying of the adsorber material

Desorption of the Hg species
I
GC separation of the Hg species
|
Pyrolysis into Hg®
I
AFS/ICP-MS Detection

Figure 2 Schemeor the determinationof methylmercuryin

rainwater by aqueous-phasethylation by sodium tetraethyl-
borate, Tenax trapping, thermal desorption,GC separation,
pyrolysisand GC-AFS/ICP-MS.

andfrozen;20 ul of this solutionwassufficientfor
completeethylationof themercurycompoundsn a
100-mlrainwatersample For optimal ethylationof

methylmercurya pH of 4.9+ 0.1 was necessary.

The pH in the sample was adjustedby adding
400ul of the buffer solution, acetic acid—sodium
acetate(50:50, v/v). For complete ethylation of

methylmercurya reactiontime of 10-15min was
necessaryA purging time of 20min with a gas
streamof 300mlI min~* wassufficientfor complete
trappingof the methylethylmercuryproduced.For

investigationof the particles therainwatersamples
(200-500ml) were filtered (0.45um cellulose
nitrate,NC 45, SchleicheandSchnell).Thesample
was suckedthrough the filter with the aid of a
vacuum.Two blank distillations with the addition
of enrichedsotopewerecarriedoutto examinethe
self-methylationpotential of the cellulose nitrate
filters. No methylation due to the filter was
observableThe filters with the particulatephase
wereputinto aglassflaskanddistilled accordingo

Horvatet al.® The distillate obtainedwasprepared
for methylmercurydeterminatiorwith ICP—-MSas
describedbelow for the rainwatersamples.

Instrumentation
The atomic fluorescenceand ICP—-MS detectors

Copyright © 1999JohnWiley & Sons,Ltd.

wereeachcoupledwith gaschromatographi¢GC)
separatiorfor the determinationof methylmercury
after sodium tetraethylborate derivatization at
programlevel in aqueoussamples. The set-upof
both systemss shownin Fig. 1. The AFS system
was usedfor the monitoring study of methylmer-
cury in atmosphericprecipitation. The ICP-MS
systemwas suitable for the isotope experiments.
The measurementswere carried out with the
following equipment:Tekran 2500 AFS, Perkin-
Elmer Elan 5000 ICP-MS and column heatingat
95°C (HP 5890GC ovenandShimadzuGC oven).

Procedure for sampledetection
The volatile ethylated mercury compoundswere
purgedon a Tenax TA [glass traps filled with
150mg TenaxTA (20-35mesh,100mm x 4 mm
i.d.)] in a separatepurging system. After the
trapping procedurecomplete thermal desorption
of theethylatedmercurycompoundsvasreachedat
200°C within 30s in the analysingsystem.The
compoundsveredesorbedvith a mobileargongas
streamof 60ml min~* (AFS). The argonusedfor
the AFS systemwas cleanedwith the aid of an
oxygen—wateradsorberand a gold scrubber.For
cleaningof thenebulizemgasstreamn theICP-MS,
only a gold scubberwas necessaryThe species
mercury (0), methylethylmerary and diethylmer-
cury were separatedon a packed glass column
obtainedfrom Chrompaclk(0.6m x 6 mm), packed
with ChromosorbV, HP (80—100mesh) stationary
phasg15%siliconeQOV-3). Thecolumnwasheated
in a GC oven at a constanttemperatureof 95°C.
After theseparationthecompoundsverethermally
transformedat 700°C in apyrolysisunitto mercury
(0) (Hg®). Foratomicfluorescenceletectiorthegas
streamwastransferreddirectly into the detector.
The schemédor the determinatiorof methylmer-
cury in the rainwater samplesby aqueous-phase
ethylationby sodiumtetraethylboratés shownin
Fig. 2. For ICP—MS detectionthe GC gasstream
was added to the nebulizer gas stream and
subsequently transported into the plasma of
the ICP—-MSfor a mass-specificletectionat m/z=
199, 200and202. The compoundswvere separated
in the following order: Hg°, CHzHgCH,CHa,
CHsCH,HgCH,CHs. The optimum separationof
thethreecompoundsvasobtainedoy acolumngas
flow of 60ml min—* (AFS),aTenaxtrapdesorption
temperatureof 200°C adjustedwithin 30s andan
isothermal column temperatureof 95°C. The
detectionwascarriedout with either AFS or ICP—
MS detectors(Fig. 2).27*° The detectionlimit for
the GC—AFScouplingwas0.05ngl~* (A, + 3%).

Appl. OrganometalChem.13, 789-794(1999)
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Figure 3 Weeklymethylmercurywaluesin rainwatersamples
with therespectiveamountsof precipitationatthe Zingststation
from May till Decemberl996.

The detectionlimit for the GC-ICP-MScoupling
was0.02ngl~* (A, + 3%,) (A, = standardieviation
of the basenoise; S, = standarddeviation of the
blank reading). The total mercury concentrations
were determinedby digestionof 100ml of atmo-
sphericprecipitationby BrCl for 1 h. After addition
of NH,OH-HCI thesamplesverereducedby SnCh
in 1m HCI. The measurementwerecarriedoutin
the gold-trap AFS system. The detection limits
basedon (A, + 3S,) were0.5ngl ™.

RESULTS

The methylmercury values in the atmospheric
precipitationobtainedby the AFS systemnormall
rangefrom belowthe detectionlimit to 0.32ngl™
(Fig. 3). Figure 4 illustratesthe measurednethyl-
mercury and total mercury concentrationsn the
rainwater samplesobtained over sevendifferent
weeks. The concentrationof methylmercuryare
about1-4%of the total mercuryconcentrations.
The rain sampleswere collected at the Zingst
FEA station(southwesibf the island of Rigenon
the Baltic Seacoast)from May to Decemberl 996
and analysedweekly. The 100-ml sampleswere
ethylated directly in a reaction flask without
membrane filtration using a defrosted sodium
tetraethylboratsolutionata pH of 4.9asdescribed
in Fig. 2. Themeasurementserecheckedwvith the
standard addition method. Figure 5 shows a
comparison of the results of methylmercury
measurementwithout and with the aid of the
standardadditionmethodrespectivelyfor the same
samplesThe standarddeviationsare 10% andless

Copyright© 1999JohnWiley & Sons,Ltd.
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Figure 4 Methylmercuryand total mercury measuremenin
rainwater samplesobtained during sevendifferent weeksin
1996.

than 10%. The standardshoweda good linearity
(r =0.996).Besidemethylmercury elementalmer-
cury and inorganic mercury were always present
anddetectablevith thesystemThe methylmercury
peaksshoweda goodresolutionfor determination
of the values of methylmercuryin the samples.
After equippingthe ICP—MSsystemwith the same
purge-andrapGC systenmusedwith AFS detection,
it waspossibleto carry out isotopeexperimentso
observemercuryspeciedransformatiorprocesses.
To 100-ml agueoussamples1000ng (absolute)
enrichedmercuryisotope?®Hg?" wasadded.The
total mercury value in the samplewas therefore
increasedby a factor of about 100. After an
equilibration time of 10min the buffer and the
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Figure 5 Determinationof methylmercuryby GC-AFSwith
andwithout the standardaddition method.
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theethylatedcompoundsverepurgedonthe Tenax
trap with argonand analysedby the GC—-ICP-MS
system. In a second experiment the particles
obtainedafter filtration of rainwatersamples(10—
25mg) were distilled accordingto Horvat et al.®

Just prior to the distillation, 1000ng (absolute)
enrichedmercuryisotopewasaddedto the sample.
The distillate was subsequently ethylated as
describedabove. The results of the experiments
are shownin Fig. 6. In the first chromatograma

standardchromatogramof 75pg methylmercury
(Chrom.1) is shown.In the secondchromatogram
(Chrom. 2) the isotope experimentwith direct

ethylationof the rainwatersampless shown.The

masstrace 200 did not surmountor exceedthe

masstrace 202 in the methylmercurypeak. This

showedthat no artificial formation of methylmer-
cury was observableby applying direct ethylation
to the rainwater sample.After distillation of the

particles obtained by filtration of a rainwater
samplespikedwith enrichedisotope?°*Hg?", the

third chromatogram(Chrom. 3) was obtained.In

this chromatogramartificial formation of methyl-

mercuryduring the samplepreparationprocedures
was observable; the mass trace 200 slightly

exceededhe masstrace202in the methylmercury
peak.This indicatesthat formation of methylmer-
cury occurredduring the analysis,but was regis-

tered only qualitatively. In the fourth chroma-
tograma blank determinatiorwith double-distilled
water(Chrom.4) is shown.

CONCLUSION

The results have shown that, besidé artificial
formation of methylmercuryin different matrices
suchassedimentandsoil, particlesfrom rainwater

Figure 6 Chrom 1: a standardchromatogranmwith isotope-
specificdeterminationof methylmercuryby the GC-ICP-MS
system.The mercurymasstracesshowthe naturalabundance
ratio of mercuryisotopes.Chrom 2: chromatogramobtaired
after spiking of a rainwatersamplewith 1000ng of enricted
stable mercury isotope 2°Hg?* and direct ethylation of the
sample Chrom3: determinatiorof methylmercuryon particles
obtainedafter filtration of the rainwatersamplesThe samples
were distilled accordingto Horvat et al. (Ref. 9). In the
methylmercunypeak,artificial formationof methyimercurydue
to the spikedenrichedstableisotopeis observable The mass
trace 200 exceedsthe mass trace 202. Chrom 4: blank
determinationof methylmercuryin the reactionflask.

Appl. OrganometalChem.13, 789-794(1999)
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sampleswere also prone to artifact formation
duringwatervapourdistillation. A directethylation
of methylmercuryin the rainwatersampleshowed
no artificial formation due to a high sg)ike of

enrichedstableinorganicmercuryisotope®*Hg?*.

When the water vapour distillation is appliedthe
increasein the recoveriesis possibly due to an

artificial formation of methylmercuryduring the
distillation. We arenotableto distinguishat present
between complete ethylation and an additional
productionduring the distillation of a DOC-rich

water sample.This can be carried out by isotope
experimentsbut we have no evidencethat the

methylation behaviour of the ambient inorganic
mercuryis the sameasthat of the spikedinorganic
mercury or enriched stable isotope. The added
isotopecouldbebetteror morepoorelymethylated.
Thereforea calculationof the amountof artifact
formation of methylmercuryduring the distillation

would be speculative.The comparability of the

isotopespikeshasto be proved.We haveto accept
that our standardaddition method representghe

methylmercurythatwe havejust spikedandthatis

free in solution. Matrix-bondedmethylmercuryis

probablynot ethylatedduring this process.There-
foreanunknownerrorwill alwaysbepresentindat

themomenthisis notdeterminableWith theaid of

the developmentsve havemade,we now havethe

basicsfor future researchFor statisticalcertainty,
moreexperimenthaveto be carriedout.
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