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suggests that there exists the potential for increasing metal content of container glass in what is 60 

intended to be a closed loop system. The aims of this study were to determine the heavy metal 61 

content of contemporary container glass and decorative enamels by x-ray fluorescence (XRF) 62 

spectrometry. Alcoholic beverage bottles were targeted because they are widely available in a 63 

variety of different colours and many producers use enamels for logos, text, patterns or images. 64 

Selected samples were also subjected to a standard landfill leaching test in order to evaluate heavy 65 

metal mobilisation on disposal. Findings are discussed with respect to contamination of the soda-66 

lime container glass recyclate stream and potential impacts on human health and the environment. 67 

 68 

Experimental Section 69 

Samples 70 

Bottled alcoholic products were purchased from local and national supermarkets between 71 

September 2017 and August 2018. Bottles contained a variety of drinks (beers, wines, spirits) of 72 

volume that ranged from 50 ml to 750 ml, and were either clear (including some that were frosted) 73 

or coloured green, ultraviolet-absorbing green (UVAG), or brown. Twenty four bottles, 74 

encompassing each glass colour type, were enamelled over part of the exterior surface with images, 75 

patterns, logos, text and/or barcodes of a single colour or multiple colours. In addition, unenamelled 76 

empty bottles and identifiable fragments (n = 68) were sourced from the glass waste of a local 77 

establishment licensed to sell alcoholic drinks. For comparison, 12 clear, unenamelled drinking 78 

glasses constructed of more toughened glass and that are not generally recycled were sourced from 79 

local hardware stores and supermarkets. 80 

XRF analysis 81 

Samples were analysed for Pb, Cd, Cr and Hg and a range of other elements by portable, energy-82 

dispersive x-ray fluorescence (XRF) spectrometry using a battery-operated Niton XLt3 950 He 83 

GOLDD+. Measurements were made in a shielded 4000 cm3 laboratory accessory stand, with the 84 

instrument pointing nose-upwards and operated remotely by a laptop, where possible. For empty 85 

bottles too large to fit into the stand (n = 15), the instrument was employed hand-held. Here, 86 

samples were cradled in a folded radiation protection apron on a stainless steel bench with 87 

measurements performed by placing the detector window vertically downward through the glass 88 

and activated using the trigger mechanism of the instrument. Measurements of the glass substrate 89 

were undertaken for 30 seconds in a consumer products-ceramics mode while measurements of 90 

enamelled areas were undertaken for 30 seconds in a plastics mode with a thickness correction of 91 

















http://dwi.defra.gov.uk/consumers/advice-leaflets/standards.pdf.%20Accessed%2012/18
http://ec.europa.eu/environment/water/water-drink/pdf/20171215_EC_project_report_final_corrected.pdf
http://ec.europa.eu/environment/water/water-drink/pdf/20171215_EC_project_report_final_corrected.pdf


https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file363 
/460891/BIS-15-460-packaging-essential-requirements-regulations-gov-guidance-notes.pdf 364 

27. Toxics in Packaging Clearinghouse, 2012. Model Toxics in Packaging Legislation, Brattleboro, VT.  365 
https://toxicsinpackaging.org/model-legislation/model/ accessed 12/18. 366 

28. Jansen, M., Letschert, H.P., 2000. Inorganic yellow-red pigments without toxic metals. Nature 367 
404, 980-982. 368 

29. Nawrot, T.S., Staessen, J.A., Roels, H.A., Munters, E., Cuypers, A., Richart, T., Ruttens, A., Smeets, 369 
K., Clijsters, H., Vangronsveld, J., 2010. Cadmium exposure in the population: from health risks to 370 
strategies of prevention. BioMetals 23, 769-782. 371 

 372 

  373 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/460891/BIS-15-460-packaging-essential-requirements-regulations-gov-guidance-notes.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/460891/BIS-15-460-packaging-essential-requirements-regulations-gov-guidance-notes.pdf
https://toxicsinpackaging.org/model-legislation/model/


Table 1: Number of cases in which Pb, Cd and Cr were detected in container glass of different 374 
colours and in clear drinking glasses, along with summary statistics for resulting concentrations. 375 

 376 

 377 

 378 

 379 

 380 

 381 

Pb, 



 382 

Table 2: Details of the enamelled bottles analysed in the study and concentrations of Pb, Cd and Cr, 383 
in decorated areas defined by colour. Asterisks denote bottles used for the leaching test. 384 
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sample no. drink bottle colour volume, ml place of origin surface, % colours Pb, 



Table 3: Concentrations of Pb and Cd in leachate arising from glass fragments of different enamelled 393 
and unenamelled bottles. Data in parentheses denote concentrations in unfiltered leachates. 394 
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