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Determination of mercury in glass: A new analytical need in the
evaluation of the packaging waste quality
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In December 1989 the “Coalition of Northeastern Governors” of the United States of America developed a new toxics legislation with
the aim to prohibit the intentional addition of lead, cadmium, chromium(VI), and mercury to packaging and packaging materials, fixing
as a sum of these elements a scale of tolerable limit values, up to a final target of 100 ppm to be finally reached in 1994. Testing methods
have not been indicated, but it is a fact that analytical procedures for the determination of mercury in glass are not often reported in
literature.

In this paper a closed-system decomposition procedure is proposed and mercury analyzed by cold vapour atomic absorption
spectrometry. Employing this procedure has given excellent results allowing the total recovery of mercury contained in the glass
decomposition solutions. Tests of the analytical accuracy have also been performed on a soda—lime—silica glass to which traces of mercury
have been incorporated by experimental melting. As final point the possible presence of mercury traces in glass packaging containers of
different production, type and colour was investigated, but all tests were negative.

Quecksilberbestimmung in Glas: Eine neue analytische Notwendigkeit zur Beurteilung der Qualitdt von Verpackungsabfall

Im Dezember 1989 verabschiedete die ,.Coalition of Northeastern Governors“ der Vereinigten Staaten von Amerika ein neues Gesetz iiber
Giftstoffe in der Absicht, den bewuflten Zusatz von Blei, Cadmium, sechswertigem Chrom und Quecksilber bei der Herstellung von
Verpackungen und Verpackungsmaterialien zu verbieten. Darin wird fiir den Gesamtgehalt dieser Elemente ein Grenzwert von 100 ppm
festgelegt —ein Ziel, das 1994 erreicht sein soll. Auf Untersuchungsmethoden wird nicht eingegangen, doch ist es eine Tatsache, daf} iiber
Analysenverfahren zur Bestimmung von Quecksilber in Glas nur selten in der Literatur berichtet worden ist.

In der vorliegenden Arbeit wird ein AufschluBverfahren in einem geschlossenen System vorgeschlagen und Quecksilber mit der
Kaltdampf-Atomabsorptionsspektroskopie analysiert. Der Einsatz dieses Verfahrens hat zu hervorragenden Ergebnissen gefiihrt, indem es
die vollstindige Riickgewinnung des in den GlasaufschluBlésungen vorhandenen Quecksilbers erméglichte. Eine Uberpriifung der
analytischen Genauigkeit erfolgte auch an einem Kalk-Natronsilicatglas, in das Spuren von Quecksilber unter Zuhilfenahme einer
Versuchsschmelze eingebracht wurden. Schlielich wurde das mogliche Vorliegen von Quecksilberspuren in Glasbehiltern verschiedener
Hersteller, Arten und Farben untersucht, doch alle Tests verliefen negativ.

In December 1989 the Source Reduction Council
of CONEG (COalition of NorthEastern Governors
of the USA) developed a novel toxics legislation [1]
with the aim to reduce/eliminate heavy metals in
packaging and packaging materials. This legislation
prohibits the sale of packaging to which lead,
cadmium, mercury and chromium(VI) have been
intentionally added because of their recognized
adverse effects on health, and specifies that: “the sum
of the concentration levels of Pb, Cd, Hg and Cr(VI)
derived from adventitious impurities shall not exceed
the following limit values:

600 ppm (£ mg/kg) since January 1st, 1992,
250 ppm (& mg/kg) since January 1Ist, 1993,
100 ppm (£ mg/kg) since January 1st, 1994”.

Although glass is widely acknowledged as highly
inert material, in the opinion of CONEG authorities
the exclusion of glass from the addressees of this
standard could open the door to a plethora of calls for
exemptions by producers of other materials, so that

1. Introduction

In the glass manufacturing industry mercury and its
compounds are not used for technological applica-
tions. The few bibliographic references connecting to
some extent mercury to glass refer almost exclusively
to thermometers or to mercury lamps for UV
analysis, where mercury is not bound to the glass
network, but it is simply brought into a suitable glass
container.

Therefore, neither is mercury intentionally added
to the batch nor has its presence as a contaminant
ever been monitored in the raw materials, since
a) there is no evidence of significant effects these
impurities could be responsible for;

b) no previous requested measurements of mercury
air emissions were made because the latter were
considered highly unprobably to occur.
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the primary aim, i.e. the long-term protection of the
environment against heavy metals would become
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unattainable. Due to the CONEG regulation = that
has recently been acknowledged also by the Euro-
pean Community [2] — glass packaging manufactur-
ers are required to provide a certificate of compliance
to the purchaser.

In the opinion of the authors the application of
these regulations to glass is rather questionable,
because it is known that at the mentioned trace level
no significant leaching can occur and, consequently,
glass cannot be considered “a priori” as detrimental
to the environment. However, the detection of heavy
metals in glass raises many analytical problems, and
for the determination of mercury, which is the most
difficult element, there does not exist a well-estab-
lished procedure.

The CONEG specification itself = even though
leaving the choice of the testing methods to the
discretion of each company = is misleading when
suggesting to refer to a specific EPA document [3]. In
fact the suggested digestion procedure - method
3050 A —is a leaching test and therefore not
applicable to a quantitative glass analysis. The
digestion procedures reported in the literature are
mostly referring to vegetable samples [4], food
matrices [5 and 6], biological [7 to 9] and geological
materials [10 and 11]. References on glass [12] or
silicate materials [13] are less frequent. Some of the
authors suggest to employ acid mixtures in the
following combinations:
= nitric acid, HNOs;, / sulphuric acid, H,SOy, / per-

chloric acid, HCIOy; or
= HNO;/H,SOy,; or
= HNO;/H,SO,/ hydrogen peroxide, H,O, [4, 5

and 9],
but all of them agree on the necessity to work in
strongly oxidizing condition even by addition of
permanganate, KMnO, [10], or dichromate, K,Cr,0-
[11], to prevent possible losses of mercury as a result
of reduction.

As concerns the method of detection, Atomic
Absorption Spectrometry (AAS) is the most used
technique. Nevertheless, the use of a graphite furnace
is not generally recommended because of the high
volatility of mercury [14], although the addition of
ammonium sulphide [15] or oxidizing agents [16] as
modifiers seems to provide a better thermal stability
during the ashing stage. On the contrary, the Cold
Vapour technique Atomic Absorption Spectrometry
(CVAAS) is a widely applied practice as it is very
sensitive, relatively easy to use and essentially free
from spectral interferences [8].

The purpose of this study is to develop a correct
glass decomposition procedure which is able to keep
mercury in solution without losses, and to apply
CVAAS as a detection method. With this analytical
tool, it will be possible to monitor the real occurrence
of mercury in glass packaging containers of different
type, size and colour.

2. Experimental
2.1. Apparatus

A Varian Techtron atomic absorption spectrometer,
type AA—1475 (Varian, Park Ridge, IL (USA)) was
used, equipped with a mercury hollow cathode lamp
and a VGA 76 vapour generation assembly. Back-
ground correction, accomplished with a deuterium
lamp, was found to be not essential. Operating
parameters were established as recommended by the
producer, the optimum delay time was 70s. The
concentration of the solutions used were:

acid channel: HCI [¢(HCI) = 5 mol/l],

NaBH, channel: NaBH, = 3 g/l, NaOH =5 g/I.

2.2. Reagents

All chemicals were of analytical reagent grade.

= High-purity water of grade 2, complying with ISO
3696 [17] requirements.

= KMnO, [¢(KMnO,) = 0.02 mol/l] (Merck, Darm-
stadt (Germany)), prepared by dissolving 3.160 g
with water to 11.

= NaBH, (Farmitalia, Carlo Erba, Milan (Italy)).

= Hg(Il) standard stock solution, 1000 wug/ml,
prepared by dissolving 1.354 ¢ HgCl, (Riedel de
Haen, Seelze (Germany)) in HNO; [¢(HNO3) =
= 0.8 mol/l] to 1 1. Working standards were freshly
prepared by appropriate dilution of the stock
solution. Optimum working range: 0.005 to
0.020 pug/ml Hg.

= As(III), standard stock solution, 1000 ug/ml, pre-
pared by dissolution of 1.302 g As,O; (Prolabo,
Paris (France)) in the minimum volume of NaOH
= 200 g/1, neutralized with HNOj; and diluted to
1L

= Sb(IIl), standard stock solution, 1000 pg/ml,
(British Drug House Ltd., Poole (Great Brit-
ain).

= Se(IV), standard stock solution, 1000 ug/ml, (Ti-
trisol, Merck, Darmstadt (Germany)).

Addition of known aliquots of these elements
(arsenic, antimony and selenium) was made after
appropriate dilution of the respective stock solutions
with HNOj; [¢(HNO3) = 0.8 mol/l]. The intermediate
solutions where freshly prepared when needed.

2.3. Incorporation of mercury to glass

A hundred grams of a soda—lime-—silica glass
(window glass) were finely ground and wetted with
10 ml of the mercury standard solution, thus corre-
sponding to 10 mg Hg.

After appropriate mixing, the mixture was trans-
ferred to an alumina crucible and remelted at 1250 °C
for the time necessary to obtain a fused mass (about
30 min), with the aim to reduce the losses of mercury
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Table 1. Determination of minor elements in a lead crystal glass
with different decomposition methods. A: HF/HNO; mixture,
EEC standard procedure; B: HCIO/HF/HNOy/KMnOy,,
closed-system procedure. Results are expressed in mg/kg glass
sample

A B
ZnO 1150 1170
Sb,0;, 2400 2400
BaO 8200 8000

to a minimum. The resulting glass, extracted by core
drilling and ground to a grain size below 63 um, was
used as an internal working standard.

2.4. Decomposition procedure

Two methods of digestion were compared: In both
cases the same acid mixture was used (perchloric
acid, HCIOy, / nitric acid, HNOj, / hydrofluoric acid,
HF, with permanganate, KMnQO,, as oxidant) but
decompositions were performed at different temper-
atures in open and closed systems, respectively.

2.4.1.

0.5 g of glass powder (< 63 um) were placed on
a PTFE vessel with a screw cap. After addition of
Sml HNO; [¢(HNOjz;) = 8moll], 1ml HCIO,
[c(HCIO4) = 12 mol/1], 5 ml HF [¢(HF) = 22 mol/l]
and 2 ml KMnO, [¢(KMnO,) = 0.02 mol/l] the cap
was tightly screwed and the vessel placed in an oven
at 100 °C for 1 h.

After cooling on an ice bath, 5 g of boric acid,
H;BO;, were added and the mixture carefully stirred
for 10 min. The sample was diluted with deionized
water, then 2.5 ml HNO; [¢(HNOj3) = 16 mol/l], and
1 ml KMnOy, [¢(KMnO,) = 0.02 mol/l] were added,
the mixture transferred to a 100 ml polyethylene flask
and made up to volume with water.

Closed system

2.4.2. Open system

0.5 g of glass powder were treated in a PTFE dish
with 5 ml HNO; [¢(HNOj3) = 16 mol/1], 5 ml HCIO,
[¢c(HCIO,) = 12 moV/1], 3 ml KMnO, [¢(KMnO,) =
= 0.02 mol/1], and evaporated on a sand bath until
about 2 ml. The temperature must not exceed 150 °C.
After cooling, Sml HNO;, 10ml HF and 3 ml
KMnO, were added, and the same cycle repeated,
again keeping the final volume to 2 to 3 ml. Then
10 ml of deionized water were added and the mixture
carefully boiled on a water bath until complete
dissolution. After further addition of 5 ml HNOj;, the
solution was finally transferred to a 100 ml volumetric
flask — previously aged by soaking overnight in

Table 2. Repeatability test. Replicate mercury analysis by CVAAS
on the glass obtained by experimental melting. The closed-system
decomposition procedure was applied, data are expressed in pg/kg
glass

single values: 2.7
2.3
2.1
2.5
24
mean value: 2.4
standard deviation o: +0.22
coefficient of variation CV: 9%

HNO; [¢(HNO;) = 0.8 mol/l] = and taken up to
volume with water.

In both cases a blank decomposition was run
following the same procedures but omitting the
sample.

3. Results and discussion

First of all the effectiveness of the digestion proce-
dure in decomposing glass properly had to be
checked, apart from the possible presence of mer-
cury. For this purpose a lead crystal glass was
decomposed according to a standardized procedure
[18] (HF/HNOj; acid mixture) and the results for
some minor elements were compared with those
obtained with the closed-system decomposition pro-
cedure.

The figures reported in table 1 show that the
decomposition systems are equally effective, also in
preventing losses of Sb,Os, as antimony is a hy-
dride-forming element of high volatility and very
similar in its behaviour to mercury. This point was
definitely checked by adding 3 ug mercury to the
closed-system decomposition mixture. The test was
made in duplicate and the amounts of mercury found
were 3.1 and 2.8 pug, respectively, with a mean
recovery value of 98 %.

This decomposition method was finally applied to
the glass experimentally melted in the laboratory of
the Stazione Sperimentale del Vetro. This glass was
prepared to obviate the deficit of a standard reference
glass with a certified value of mercury and ought to
contain an expected amount of mercury between 20
and 30 ug/kg glass, supposing a loss of 70 to 80 %
during the melting process. In reality the yield was far
much lower because the analysis made by CVAAS
gave a mean value of 2.4 + 0.22 ug Hg/kg glass, with
a coefficient of variation of 9 % (table 2), so that the
melting loss was near to 98 %.

The accuracy of the method is shown in table 3,
where recovery experiments are reported, carried
out by addition of known amounts of mercury to
the decomposition solutions of different types of
glass.
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Table 3. Recovery of mercury added to the closed-system
decomposition solutions of different types of glass

concentration of mercury in pg/100 ml

added found expected recovery
in %

experimentally
melted glass 3.0 4.2 4.2 100
artistic glass e 2 g o

2.5 2.4 2.5 96
lead crystal { 3.0 31 3.0 103
glass 3.0 2.8 3.0 93

Note: All data are given as mean values of duplicate analysis.

Table 4. Determination of mercury and recovery data from the
glass experimentally melted. Decomposition with the open-system
procedure and analysis by CVAAS

concentration

recovery recovery
of mercury in ug/100 ml in %
in pgkg

expected found expected added found

experimentally {2.4 1.5 22 1.0 1.8 81
melted glass 1.4 1.0 1.9 . 87

Table 5. Percent relative absorbance and interference effect of
arsenic, antimony, selenium on the determination of 0.010 ug/ml of
mercury. A: without KMnO, addition; B: with KMnOy,, readings
taken after 1 h; C: with KMnO,, readings taken after 24 h. The
absorbance of the interference-free solution is made equal to
100

elements added A B C

(in pg)

Sb 100 310 163 121
500 310 166 122

As 200 112 117 100
500 111 121 108

Se 10 81 101 100
100 50 107 103

Table 6. Mercury test on glass containers of different production,
type and colour, decomposed with the closed-system procedure
and analyzed by CVAAS

type of mercury type of mercury
glass test glass test

BR-amber')  neg.
BR-white neg.

CG/green F2 neg.
CG/amber F1 neg.

ORM/white neg. VP/uvag F1 neg.
ORM/green neg. VP/uvag F3 neg.
ZG/white neg. AVl/green F1 neg.
ZGlgreen neg. AT/uvag F1 neg.

AT/green F2 neg.

Note: All data are given as mean values of duplicate analysis.

These results showed that the method was precise
enough and that no losses were produced during the
decomposition step. The only aspect to be improved
is that the final solution obtained with this kind of
decomposition (closed system) contained a rather
complex matrix, made of unsoluble SiO, and large
amounts of H3BOj; introduced in order to complex
the HF excess.

An open-system procedure, already used with
success for arsenic [19] and selenium [20] was actually
conceived to allow the total elimination of silica as
volatile SiF,, while the excess of HF was removed by
fuming, making the B,O; addition unnecessary.

The results obtained applying this procedure to
the experimentally melted standard glass are shown
in table 4. Unfortunately, significant losses of mer-
cury are produced, as confirmed by recovery tests,
making this kind of approach not applicable. As
packaging containers may contain variable amounts
of arsenic, antimony and selenium even though not
intentionally added but casually introduced by addi-
tion of post-consumer materials, the influence of
these foreign ions on the mercury analysis was
assessed. To a series of aqueous solutions containing
a fixed amount of 0.010 pg Hg/ml, variable aliquots of
As(III), Sb(III), and Se(IV) were added and their

1) neg. = negative, i.e. Hg < 0.4 pg/kg glass.

absorbance measured by CVAAS along with a
respective solution free of interfering elements. At a
second stage, the influence of the oxidation state of
the interfering ions was studied by further addition of
3ml KMnO,; [¢(KMnO,) = 0.02mol/l] to each
solution. Mercury absorption values were measured
after 1 and 24 h periods and compared to a solution
free of foreign ions but containing KMnO, in the
same ratio.

Results are reported in table 5 and related to an
interference-free mercury value made equal to 100.
In absence of permanganate all elements showed a
strong interfering effect. Just the addition of 100 pg
antimony created an enhancement of the signal of
300 %, up to saturation. Selenium gave rise to an
evident depression of results, while the arsenic
interference was fairly modest. In presence of
KMnO, the depression due to selenium was com-
pletely removed just after 1h, because of the
oxidation of selenite to selenate as documented by
Pratt [21]. After 24 h the arsenic interference was
almost completely removed: The enhancement in
presence of a 500-fold excess of antimony was
reduced to 20 %. The addition of 3 ml KMnO, during
the decomposition step seems to be sufficient to
prevent unwanted reduction processes. In case a
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strong decolouration was observed, a dropwise
addition of permanganate was made until a slightly
pink colouration persisted.

A large number of packaging containers of
different type, size and colour produced in Italy,
therefore subject to different collection systems and
recycling conditions, were examined to complete this
study. The closed-system decomposition method was
applied in connection with CVAAS. The presence of
mercury was never detected in any case (table 6).

4. Conclusions

Due to the high mobility and volatility of mercury,
the correct choice of the parameters controlling the
decomposition step plays a determining role in
reducing the risk of losses. In this study a mixture of
HNO3HCIO,/HF/KMnO, was chosen and the glass
decomposed in a closed-system arrangement. This
configuration has given excellent results, allowing the
total recovery of mercury contained in the decom-
position solution. Of particular relevance is the
oxidizing effect caused by KMnOQy, either in control-
ling the mercury oxidation state or in preventing the
interference effect of other hydride-forming ele-
ments.

The new provisions in the legislation insist on the
necessity to control the mercury concentration level
-in primary packages, however, analyses carried out
on glass packaging containers of different type, size
and colour have never revealed the presence of
mercury traces.
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