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The chemical durability of glass: determination of lead in extract Solutions 

(A report by Sub Commhtee Α 2 of the International Commission on Glass) 

(Received the 5th January, 1978) 

Nine laboratories analysed a simulated durability extract Solu­
tion containing about 10 ppm PbO using either a dithizone colori­
metric method or an atomic absorption procedure. Fourteen labora­
tories then analysed actual durability extract Solutions from lead 

glass containing 6, 10, 24, and 30% PbO respectively, and demon­
strated that both analytical procedures are satisfactory for the deter­
mination. 

La durabilite chimique du verre: dosage du plomb dans les Solutions 

Neuf laboratoires ont analyse deux Solutions de synthese de ont ensuite analyse des Solutions reeUes de verres au plomb conte-
meme composition que ceUe d'un essai de durabilite, contenant envi- nant respectivement 6, 10, 24, et 30% de PbO, pour demontrer que 
ron 10 ppm de PbO, par une methode colorimetrique au dithizone et les deux methodes d'analyse permettaient d'obtenir des resultats sa-
a l'aide d'un procede par absorption atomique. Quatorze laboratoires tisfaisants. 

Chemische Beständigkeit von Glas: Bleibestimmung in Auslauglösungen 

Neun Laboratorien führten Analysen einer Modellösung mit boratorien Auslauglösungen von Bleiglasproben mit PbO-Gehahen 
10 ppm PbO unter Verwendung eines kolorimetrischen Dithizonver- von 6, 10, 24 bzw. 30%. Es wurde bewiesen, daß beide Analysenver­
fahrens oder der Atomabsorption durch. Ferner analysierten 14 La- fahren für die Bleibestimmung geeignet sind. 

Sub Committee Α 2 reports on the determinations of 
boric oxide [1], sihca [2], and calcium and magnesium 
oxides [3] have already been pubhshed. The programme 
of work to produce methods for the analysis of durabil­
ity extracts is completed in this issue of "Glastechnische 
Berichte" by further reports on the determinations of the 
oxides of aluminium [4], sodium and potassium [5], and 
iron [6]. 

Traditionally, when referring to glass compositions, 
the metals are expressed as their oxides, usuahy the 
highest stable oxide, and this custom has been fohowed 
in all of these reports, even though, in extract Solutions 
the metals wih be present, primarüy, in ionic form. Tra­
ditionally, also, the chemical resistance of a glass has 
been indicated by the volume of acid required to neutral-
ize the extract Solution or by the total alkahes deter­
mined in such Solutions. The methods of analysis de­
scribed in this series of reports enable an almost com­
plete analysis of a durability extract Solution to be made 
and such Information can be far more useful than the 
Umited analyses previously avaüable. 

The members of the Sub Committee during the 
work on lead determinations suggested in their prelimi­
nary considerations that a colorimetric procedure, using 
dithizone, and an atomic absorption spectrophotometric 
technique should be examined. Α cohaborative investi­
gation applying both procedures to a simulated extract 
Solution and then to actual extract Solutions was then 
made and the working detaüs of the eventually agreed 
methods are given in 5. Appendix. 

1. Discussion 

Sandeh [7] proposed a dithizone colorimetric meth­
od for lead determination which depends on the extrac­
tion of the red-coloured Pb-dithizone complex into 
Chloroform at pH 11.5. The measurement is made in 
ammoniacal sulphhe-cyanide Solution and under these 
conditions the effects of certain interferring elements are 
marked. Α dithizone colorimetric method has also been 
used by El-Shamy and Taki-Eldin [8] in a study of the 
chemical durability of lead sihcate glasses. It has been 
shown that the Pb-dithizone complex is slowly decom-
posed in Solutions of pH greater than 10.5 and the type 
and concentrations of anions present can also influence 
the resuh. Therefore, the procedure described in 5. Ap­
pendix should be fohowed precisely. 

In the pubhshed literature concerning the determina­
tion of lead by atomic absorption interferences by com­
mon ions have not been observed. It seemed, therefore, 
that the determination of lead could be carried out using 
the Solutions acidified with nitric acid and with an air-
acetylene flame. The Optimum working ränge appeared 
to be 4 to 40 ppm PbO and the suhable wavelength to 
be 217 nm. For lower concentrations of lead oxide sol­
vent extraction with ammonium pyrrohdine dithiocarba-
mate and methyhsobutylketone has been recommended 
[9]. The AAS technique for determining lead oxide has 
been used recently by Pohlmann [10] for studying the 
corrosion of lead-sihcate glasses. 
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2. Experimental work 

Preliminary experiments using the dithizone and 
atomic absorption methods were made on synthetic lead 
oxide Solutions produced by mixing one volume of each 
Solution containing (a) 10 μg FCjOj, (b) 102 μg KjO, 
(c) 102 μg PbO and (d) 9.45 μg AI2O3 and diluting to 
10 volumes. The PbO content in the Solution was then 
determined by the procedures described in 5. Appendix 
and the resuhs obtained are given in table 1. 

Α Statistical examination of the results showed that 
the value of 11.4, obtained by Lab. Α by the dithizone 
method, was outside the ränge of mean value ± 2 SD. 
When the mean value and Standard deviations were re-
calculated omitting this value the results show that both 
methods are equal in precision and are satisfactory at 
these levels of PbO concentrations. Observation made 
by the members suggested that although the dithizone 
method was more sensitive than atomic absorption h 
needed more dehcate control. One of the members had 
difficulties in producing a linear cahbration graph and 
had to use the so called "spread technique" using Stan­
dard Solutions of lower and higher concentration than 
the Solution analysed. There were no problems when 
atomic absorption spectroscopy was used. 

Palecek then prepared durability extract Solutions 
from samples of four lead crystal glasses containing re­
spectively 6, 10, 24, and 30% by weight of lead oxide 
(PbO), using the autoclave procedure described in the 
European Pharmacopoeia. Α sufficient number of sam­
ples of each type of glass were used to produce about 
2 litres of extract Solution. Each of the four Solutions 
was acidified to about 0.001 Ν with nitric acid and por-
tions of each were distributed, in plastic bottles, to each 
member of the Sub Committee. Members were asked to 
analyse the Solutions for lead content using either or 
both the dithizone colorimetric or the atomic absorption 
techniques, described in 5. Appendix and the resuhs ob­
tained are shown in table 2. 

It is clear that the actual level of lead present in 
these Solutions is only about 10% of that included in the 
synthesised Solutions. Even so, the agreement between 
laboratories and between methods appears to be satis­
factory as shown by the Standard deviation and mean 
values, respectively. 

The mean values of the resuhs obtained by the dithi­
zone colorimetric method may be shghtly higher than 
those obtained by atomic absorption, but this difference 
may be influenced by the "higher" values obtained by 
Lab. 9. At these levels of concentration, though, the dif­
ference is thought not to be analyticahy significant. 

3. Observations 

It is appreciated that high temperature durability 
tests are rarely, if ever, made on lead crystal glasses 
because articles made from such glasses are not nor-
mahy used at such temperatures. Even so lead crystal 
glasses may be required to comply with certain pro­

posed international regulations which include such a test 
and which are currently under discussion. The results 
obtained in this investigation show that the amounts of 
lead released into the test liquid can be determined satis-
factorily by both of the methods described in 5. Appen­
dix. 

Table 1. Resuhs obtained for the determination of lead in a synthetic 
durability extract Solution 

Laboratory ppm PbO found by 

Dithizone AAS 

Α 11.4 10.3 
Β 10.5 10.4 10.3 10.3 
F 10.2 10.2 10.2 10.7 10.6 10.0 

10.2 10.1 10.7 9.8 9.8 
I - 10.5 10.4 
J — 10.3 10.4 
Κ 10.6 10.1 10.8 — 

10.0 10.6 10.7 
L — 10.0 
Μ — 10.5 10.5 10.3 
Ν 10.0 9.9 10.7 — 

10.6 10.5 10.8 
10.9 10.3 

Overall mean 10.4 10.3 
Standard deviation 0.37 0.28 

Re-calculated values omitting Lab. A, 
Dithizone resuh 
OveraU mean 10.4 
Standard deviation 0.30 

Table 2. Resuhs obtained for the determination of lead in actual 
durabihty extract Solutions 

Laboratory ppm PbO found from glass containing 

6% PbO 10% PbO 24% PbO 30% PbO 

Col. AAS Col. AAS Col. AAS Col. AAS 

Α 1.1 1.1 1.2 1.6 
Β 1.1 1.1 1.1 1.0 1.2 1.2 1.6 1.6 
C - 1.2 — 1.3 — 1.2 — 1.3 
D — 1.2 — 1.2 — 1.3 — 1.6 
Ε 1.1 - 1.1 - 1.2 — 1.6 
F 1.1 L i 1.1 1.1 1.2 1.2 1.6 1.6 
G 1.3 — 1.2 — 1.5 — 1.9 — 

Η — 1.1 - 1.1 — 1.3 — 1.5 
I — 1.5 — 1.4 — 1.5 — 1.3 
J 1.3 1.1 1.4 1.0 1.3 1.3 1.7 1.5 
Κ — 1.1 — 1.1 — 1.3 — 1.6 
L — 1.1 — 1.0 — 1.1 — 1.5 
Μ - 1.0 - 1.0 - 1.1 - 1.5 
0 - - - 1.0 - 1.1 - 1.5 

Mean 1.20 1.14 1.20 1.11 1.30 1.23 1.70 1.52 
Standard 
deviation 0.11 0.12 0.14 0.13 0.14 0.11 0.14 0.13 
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5. Appendix. Determination of lead oxide in extract Solutions 

5.1. Dithizone method 

5.1.1. Principle 

Lead ions produces a red coloured complex with 
dithizone (1:5 diphenylthiocarbazone) in Solution at 
pH 11.5 and this complex is extractable with Chloro­
form. The optical density of the organic phase is meas­
ured at 520 nm and Lambert-Beer's law is obeyed in the 
ränge of 4 to 40 μg PbO. 

5.1.2. Reagents 

Ah reagents must be of the "low lead" grade and 
precautions must be taken throughout the determination 
to avoid contamination of Solutions. High-purity water 
must be used throughout. 
Ammonium hydroxide: d = 0.880 and 5 M. 
Chloroform: Transfer 250 ml of Chloroform to a 500 ml 
separating funnel, add 25 ml of water containing 1 ml 
potassium Cyanide Solution and add about 20 drops of 
ammonium hydroxide (d = 0.880). Shake thoroughly 
for 1 minute and ahow to settle. Reject the aqueous 
layer, wash the Chloroform again with water, then filter 
into a clean, dry bottle. 
Dithizone: 1:5 diphenylthiocarbazone 

(CgHsN :NCS NH NHC^ H5). 
High purity water: The water used in this determination 
should have a conductivhy, measured in an in-hne ceh at 
25 °C immediately prior to use of not greater than 
0.15 μmho )̂ per cm. It should be free from lead, when 
measured by AAS or by dithizone and may be prepared 
either by passing distihed water through a bed of mixed, 
nucleus grade, ion-exchange resin and then through a 
cellulose outer membrane filter having openings not ex-
ceeding 0.45 μm or by re-distilling once-distihed or de­
ionised water from a chemically resistant, borosihcate 
glass stih. 
Hydrofluoric acid: 40% w/w. 

' ) μmho = μS. 

Lead nitrate. 
Nitric acid: d = 1.42 and 1 + 99. 
Potassium Cyanide Solution: 10% w/v. 

Sodium sulphite Solution: 2% w/v. 
Ammoniacal sulphite/cyanide Solution: Mix 340 ml of 
ammonium hydroxide (d = 0.880), 75 ml of sodium sul­
phite Solution, 30 ml of potassium Cyanide Solution and 
605 ml of water in a 21 flat-bottom flask, stopper and 
Store (N.B. The concentrations of these reagents are 
critical). 
Dithizone stock Solution 0.1% w/v in Chloroform: fil-
tered and stored in refrigerator. 
Dithizone working Solution: Transfer 6 ml of the stock 
Solution, 9 ml of water and 1 ml of ammonium hydrox­
ide (5 M) to a separating funnel and mix thoroughly. 
Ahow to settle, then reject the Chloroform layer and cen­
trifuge the aqueous layer untU clear. Prepare this Solu­

tion freshly immediately before use. 
Standard lead Solution: Dissolve 1.484 g of lead nitrate 
in water, add 10 ml of nitric acid (d = 1.42) and dilute to 
the mark in a 1 litre Volumetrie flask. 
1 ml = 1 mg PbO. 
Dilute Standard lead Solution: Immediately before use 
dilute 1 volume of the Standard lead Solution to 100 vol­
umes with water. 
1 ml ^ 10 μg PbO. 

5.1.3. Procedure 

This procedure must be fohowed precisely. Transfer 
the whole, or an ahquot, of the durability extract Solu­
tion to a platinum dish of suitable size and evaporate to 
dryness. Add 0.5 ml of hydrofluoric acid and 1 ml of 
nitric acid (d = 1.42) to the dish, swirl to dissolve the 
residue and again evaporate to dryness. Dissolve the 
residue in 5 ml of nitric acid (1 - f - 99) and transfer to a 
100 ml separating funnel, restricting the total volume to 
10 ml. 
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Add 30 ml of ammoniacal sulphite/cyanide Solution, 
10 ml of Chloroform and 0.5 ml of dithizone working 
Solution. Shake the Solution vigorously for 1 minute and 
ahow to settle. Ahow the Chloroform layer to run into a 
filter tube, poroshy grade 1 with a 3 cm layer of treated 
cotton wool or phase separating paper, and cohect the 
filtrate in a 15 ml Volumetrie flask. Shake the aqueous 
layer with the further 3 ml of Chloroform, ahow to settle 
again, cohect the Chloroform layer, via the same filter 
tube, in the 15 ml flask. Add Chloroform to the flask, 
dropwise and through the fiher tube, unth the Solution is 
diluted to the mark. Mix the Solution thoroughly and 
measure the optical density at 520 nm using 40 mm 
cehs. 

5.1.4. Calibration 

Transfer 0.0; 1.0; 2.0; 3.0 and 4.0 ml aliquots ofthe 
dilute Standard lead Solution into separate 100 ml sepa­
rating funnels, dilute each to 10 ml with nitric acid 
(l -l· 99) and proceed as from "Add 30 ml of ammonia­
cal sulphite/cyanide Solution" in section 5.1.3. 
Plot the graph of optical density against μg PbO. 

5.1.5. Blank determination 

Determine the blank value of the reagents by fohow­
ing the procedure described in section 5.1.3. but using 
high purity water instead of the sample Solution. 

5.2. Atomic absorption spectroscopy 

5.2.1. Principle 
The Solution to be analysed is aspirated into the air-

acetylene flame and the absorption at a wavelength of 
217 nm is measured. 

5.2.2. Reagents 
Nitric acid: d = 1.42. 
Standard lead Solution: Dissolve 1.484 g of lead nitrate 

in water, add 10 ml of nitric acid (d = 1.42) and düute to 
the mark in a 1 litre Volumetrie flask. 
1 ml = 1 mg PbO. 
Düute Standard lead Solution: Immediately before use 
dilute 1 volume of the Standard lead Solution to 100 vol­
umes with water. 
1 ml = 10 μg PbO. 

5.2.3. Procedure 

Transfer the whole, or an ahquot, of the extract So­
lution to a suitable Volumetrie flask to give the lead con­
centration in the ränge 10 to 30 ppm; add 1% of the 
flask volume of nitric acid (d = 1.42), dilute to the mark 
whh water and mix thoroughly. Determine the lead con­
centration of the sample Solution by atomic absorption 
spectrophotometry by reference to a calibration graph 
or by using the "spread technique" with lead Solutions 
containing lower and higher concentration of lead oxide 
than the sample Solution. 

5.2.4. Calibration 

For the calibration use 0; 1.0; 2.0; 3.0 and 4.0 ml of 
dilute Standard lead Solution in the suhable Volumetrie 
flasks of the same volume as in the case of Solution 
analysed, add 1% of the flask volume of nitric acid 
(d== 1.42), dilute to the mark with water, mix thor­
oughly and measure. Either plot the absorption against 
concentration of PbO or use two Standard Solutions 
with lower and higher concentration of PbO. 

5.2.5. Blank determination 

Prepare a blank Solution as described in sec­
tion 5.2.3., but using high purity water instead of the 
extract Solution. 
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