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ABSTRACT

 Total mercury in environmental samples is determined by a contmuous
flow automated system capable of analysing 20 samples per hour. Any orgamc -
merecury present is first oxidised to morgamc Hg . A solufion of Hg is
presented to an automated system where it is reduced to elemental: mercury by
SnH;and sparged from the solution into an AAS by continuous flow of air, to
give equilibrium absorbance signals. The syster is set up to give <% linear

. =1 =
working range up to 0,06 mg 1 = and a detection limit of 0,002 mg 1 1

INTRODUCTION . | s g Ty

The ubiquity of mercury in the environment coupled with its adverse toxi-
cological effects has made the determination of this metal of great importance.
This laboratory in its work of monitoring and-surveillance of the aquatic
environment analyses 3000-4000 samples each year for mércury. Samples
arise from various sources and inclnde industrial wastes, sedime'ntzs and biota.
It was therefore necessary to devise a method which would cope with a large
number and diversity of samples and a broad range of mercury concentrations.

Most methods currently in use are based on the cold vapour/AAS techni-
que proposed by Hatch and Ott (1968). Thxs involves the chemlcal reduction
of Hg++ with Sn++, the elemental meruury being removed from the solution by
a stream of air which gives rise to 'a transient Hgo concentration., Improved
accuracy has been obtained By establishing a partition equilibrium fpr :H;go

between the reduced test solution and a fixed volume of air, followed by
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measurement of the mercury content of an aliquot of this air; under static con-
ditions (Stainton, 1971; Clinton, 1974; Kirkwood, 1976; Chapman and Dale,
197 8).. While these static measurement systems have much to commend them,
they do not lend themselves readily to vautom ation. dbntinﬁdué flow systems
have been described by El-Awady, Miller and Carter (1978) and Uthe (1972)
wherein equilibrium partition conditions are-ac’}u'.e'ved, .thu}s> i‘etaiping ithe bene; i
fits of the static systems while at the same time improving sample throughput.
This paper presents an account of an easily constructed S otaion of 2 cehtiuuous
flow system. oy - .
MATERIALS
Apparatus e
The general layout of the equlpment 1s shown in Figure 1 and mcludes the
followmg apparatus

A Baird Atomlc model A3600 atoxr ic absorption spectrometer (AAS).
(A much older Southern Analytlcal model A3000 has been used
successfully.). : :

A Hook and Tucker, model A40, Sampler II auto-sampler with variable
time controls for alternate sample/wash uptake, with turntable _capable '
of accommbdatmg 40 sarple cups of nommal 8 ml capac1ty ’

A Carlo Erba pr0port10nmg pump, model 1512/20

An absorption cell constructed from borosilicate glass tubing 17 mm lD
and 195 mm long, the single quartz window secured with epoxy resin,-

A reactor/gas-liquid separator as shown in Figure 2,0 = .
. An.air pump of the type used by home aquaria. B
A flow meter consisting of a graduated glass tube of 1, 5 mm ID in which
a metal ball is allowed to move freely,
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A rnanifqlci arrangement as shown in Figure 1,

Reagents
© Nitric acid, redistilled technical grade.
Hydrochloric acid, technical g’raae A
Stannous chloride, technical grade.
" Potassium dlchrorrate analytlcal grade

HydrOgen peroxide (120 vols), analytlcal grade.
Double dxstllled water, o <L M



Stock and working solutions

Stock Stannous Chloride - 200 g SnCl, dissolved in 500 ml HCl, final
solution dlluted to 1 1 with double distilled water.. . g

Working Stannous Chloride solution 5% W/V - Stock solution’ 'diluted by
a factor of 4 with distilled water.

~ Solution 1 - 5% V/V HNO and 0. 05% W/V K2Cr O used m amly for ,
maintaining Hg™™* in SOluthl‘l (Carron and Altman, 197 7). This is also
used as the wash solutlon Nl Vet

Working standards - serial dllutlons of commercially available standard
mercury solution (1000 ppm) (Hopkm and Wﬂllams Ltd) usmg Solution 1
as dilutant,

Glassware

. All glassware is initially soaked for'12 hours in a detergent bath maintained
at 400C, ‘then washed in water and soaked for a further 12 hours in 10% HNOg
V/V.and finally rinsed three times in double distilled water and dried in a warm
air cabinet at 60°C, '
METHODS

. The organo mercury compounds present in the sample are first oxidised
to inorganic H-g++. ~This:is achieved by digestion with a mixture of 1:1-HNOj3
and HoOg. . Ideally 10 m1 of HNO3/Hg0g is added to a 5 g sample in a 50 ml’
tall form beaker with a glass cover. The mixture is boiled very gently until
the volume .is reduced to approximately 2-ml.  The cooled residue isthen dilu-
ted to 50 m] with Solution 1 and presented to the autosampler. This oxidative
procedure has been proved capable of yielding complete recovery of Hg as
Hg++ from CH3HgQ1, (CHg)oHg and various phenyl mercuric compdsinds. - The
total inorganic mercury is then reduced with stannous chloride to elemental
mercury which is subsequently removed from the solution by a continuous
stream of air. The absorption of the mercury containing air is'quantified on' "'
its. passage through the quartz-windowed absorption cell which is mounted on
the AAS in place of the burner. ' .« [, | $ex o ek ke daavET AEw

- The instrument is first set up as follows: ... i

. Wayelength : | 253. 7. nm e ol
Slit width 0.25 mm
Source Hollow cathode lamp



Chart speed 2 mm min-1
g I amp current 2 mA
After Optur lsmg the alignment of the measurmg cell in the light path of the AAS,
a 0.04 mg 1 sta‘ndard (equal to 0.4 mg kg L in 'sample) is presented to'the
instrument, This IS used to cahbrate the 1nstrument by adjusting the variable
voltage on the potentloxr etrlc recorder so that a peak height of 40% full scale
deflection (fsd) is achieved. The linearity of the instrument may be checked
using standards at other concentratlons The samples are then placed on the

autosampler with a standard as every fifth san‘ple.

DISCUSSION

., A typical recorder trace is shown in Figure 3 and a typical calibration
curve is shown in Figure 4. . By consideration of Beer's L.aw the sensitivity,
and‘.‘ponsequently the linear working range of the system, may be changed by
adjusting the air flow rate.

As the system relies on equilibrium signals produced from a continuous
flow system, and the same reagents are used both in the wash solution and in
sample -solution, moderate contamination from reagents can be accommodated
because it will only result in an elevation of the base line, " The signal due to
mercury in the samples and standards will simply be superimposed on the ele-
vated base line.

- The need for a more sophisticated AAS with double beam and background
correction systen: has been found to be unnecessary. Baseline drifts during
lamp warm-up time are obviated by leaving the AAS on continuously, Non-
specific absorption due to molecular species has been studied. Samples were
passed through the system without the reductant and under these conditions no !
absorbance signals were produced. The presence of water vapour in the system
did not enhance the absorbance signals; this has been confirmed by Stuart
(1978). The effect of the matrix on partition coefficient between gas and liquid -
was investigated using the method of standard additions and synthetic matrix;
but no effect on absorbance signals due to the 'matrix ¢ould be detected, Results
by standard additions were the same as those obtained using samples analysed

in the usual manner,



CONCLUSIONS

- This system has been used successfully by the laboratory over the last
three years., It is relatively\ t'rmdixble;fiee and d"cﬁ>es‘ hot require the use of skilled
technicians., Its high sample throughput and immunity against simple matrix
interference makes it invaluable in a laboratory analysing large numbers of

environmental samples.
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- Figure 3 Typical calibration curve,
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Figure 4 Recorder plot with standard mercury solutions.



