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Abstract

The graphite furnaces atomic absorption spectrophotometry (GFAAS) technique has been previously used to quantify the
aluminium (Al) content in soft drinks made from aluminium cans over the course of a 12-month storage period. The current
research aimed to determine the efficacy of alum obtained from waste soft drink cans compared to the alum obtained from local
markets in treating water from Shatt al-Arab, Basrah, Khorramshahr, and Abadan, Irag. The Shatt al-Arab Treatment Plant in
Basra governorate is the subject of the investigation. A raw water sample was taken from the water treatment facility at the Basra
governorate (Shatt al-Arab water), and household aluminium waste soft drink cans were obtained from scavengers in the Basra
neighbourhood. The extraction of alum from domestic aluminium wastes was done in a lab experiment. Required statistical
analysis was done, and a comparison was made. The study showed the volume of water was equal (350 ml) in both samples before
coagulation but was slightly high in the standard article (320 ml) after coagulation. The water turbidity is the same in both groups
before coagulation and greatest in standard after (82 NTU) coagulation. The solids are highly dissolved in the standard group
(258 ppm) after coagulation than prepared (170 ppm). The prepared material shows high conductivity (20) than the standard
(15.59). The prepared material is highly acidic (1.2 pH), with high calcium (160 mg/l), sulfate (2720 mg/l), potassium (525.6
mg/l), sodium (132.66 mg/l), and low chloride (2130 mg/I), and magnesium (92.34 mg/l) compared to standard material from the
market. The study concludes that there are no relevant differences in using the alum that is available in markets for the same
purpose and that is prepared.
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INTRODUCTION

The graphite furnaces atomic absorption spectrophotometry (GFAAS) technique has been
previously used to quantify the aluminium (Al) content in soft drinks made from aluminium cans over the
course of a 12-month storage period. The findings indicate that throughout the whole storage period, the
Al content of all soft beverages increased [1-3]. This rise was brought on by the dissolving of aluminium
from the can wall brought on by the aggressive chemicals, primarily acids, present in soft drinks. As the
acid concentration climbed and the pH of the soft drinks dropped, the Al content increased. In comparison
to the recommended daily intake as well as the total amount of Al consumed each day, the estimated daily
intake of Al (0.9 mg) from these drinks was almost minimal [1,4].

A study describes a recycling effort that used aluminium cans to make Al,Os because no similar
work has been documented in the literature [5] Alx(SOa.)s solution was created by combining heated
aluminium cans with 8.1 M of H,SO4 solution. The Alx(SO4)s salt was suspended in a white, semi-liquid
solution that contained too much H,SO4and some unreacted aluminium particles [6-7]. After filtering, the
solution was combined in a 2:3 ratio with ethanol to create a white solid of Alx(S04)3.18 H20. Alx(S04)3.18
H>O was calcined for 3 hours at 400-1400 °C in an electrical furnace. Ten degrees Celsius each minute
were heated and cooled. The phase shifts at various temperatures were investigated using XRD, and the
elemental makeup of the generated alumina was ascertained using XRF.
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The Al2(S0.)3.18 H,O was repeatedly dehydrated and desulfonated to produce a variety of various
alumina compositions. At high temperatures, all transitional alumina phases created at low temperatures
were changed into Al;Os. The Al,O3 phase was realised when the calcination temperature was at 1200 °C
or higher, according to the X-ray diffraction data [8-14].

Physical and chemical characteristics of the hazardous aluminium solid waste samples, such as
dross, were determined. The density, porosity, and metal content of the dross were shown to be correlated
[15,16]. The essay also looks at the detrimental effects of aluminium dross landfill chemical processes
[17]. A processing technigue was created to recover the aluminium and prevent environmental issues, and
the aluminium was recovered as a product with added value, such as alumina [18]. This process, which
includes acid leaching, filtration, precipitation, and calcination, takes place at low temperatures.
Aluminium was extracted at the end of this procedure, first as Al®* soluble ions and then as an alumina
product [19].

Leaching experiments were employed to highlight the composition of the produced aluminium
dross and alumina powder using atomic absorption spectrometry (AAS) and chemical analysis. SEM was
used to characterise the morphology of samples of aluminium dross and an alumina product, and X-ray
diffraction (XRD) was used to assess their mineralogical composition (SEM). Using the technique
described in this paper, it is possible to produce high-grade, pure alumina from the hazardous aluminium
solid waste by recovering a significant portion of its soluble aluminium content [20-22].

Aims of the Study

1. To analyse the alum found in the waste cans and alum found in the local market
2. Tofind out the efficacy of alum obtained from waste cans and local markets in treating wastewater.

Questions of the Study

1. Whether the alum found in the waste can be used in treating the water by decreasing its turbidity?
2. Does the alum obtained from waste cans effective as an alum from the local market in wastewater
treatment?

Significance of the Study

The study brought forward a research finding which shows that the alum which is prepared from
the waste cans is similarly effective as the alum found from the local market in treating wastewater. The
statistical analysis showed that there is no significant difference between the alum obtained from the local
market and the prepared one. But from an economic aspect, the alum obtained from waste cans is
significantly less costly than that of alum obtained from the market. Therefore, the whole process can be
done much more economically.

Literature Review

A study conducted illustrated how water treatment facility alum sludge might be transformed into
high-quality zeolite LTA. This may help to prevent issues with sludge land expenses and environmental
contamination. To increase the production of both high-quality and high-quantity zeolite LTA, alum sludge
was first subjected to an alkali fusion pre-treatment before being subjected to hydrothermal synthesis.
High-quality zeolite LTA that was equivalent to commercially available material and greater to samples
created using hydrothermally synthesised without fusion pre-treatment was made possible by alum sludge
activation utilising fusion. Notably, the samples made from alum sludge had higher levels of contaminants
such as iron, magnesium, and calcium. The work has shown that high-quality zeolite LTA may be
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manufactured from alum sludge left over from drinking water treatment facilities [6, 23-24].

Alum sludge is one of the global issues connected to the generation of potable water when
aluminium sulphate (Al2(S04):.18 H20) is employed as a coagulant. Every year, water operators in
Malaysia produce more than 2.0 million tonnes of water purification sludge or residue (WTS). It is crucial
to understand that the creation of alum sludge may continue to be inevitable in the processing of water
treatment technologies as they are now implemented. Researchers are seeking new alternatives to
traditional materials like cement, ceramic, bricks, tiles, and aggregates in order to reduce the impact of this
waste on the environment and to meet disposal of waste criteria set by the local/federal authority [7, 25].

A study conducted to assess offers a chemical method for turning used aluminium cans into alum
crystals, which has several uses in modern industry. Concentrated acidic and alkaline solutions with the
main ions K* and SO4? were used to conduct the study. Aluminium cans were dissolved in KOH solution,
neutralised with H.SO4 solution, and then crystallised while cooling to provide alum crystals. The % yield
of alum and aluminium recovered from used aluminium cans to valuable products was highlighted. When
5 g of aluminium beverage cans were combined with 1.5 M of KOH solution and 9 M of H,SO, solution,
the result had a maximum yield of 80%. The yield of alum synthesis increased together with the
concentration of KOH and H2SO4 solution. It was discovered that recycling aluminium from used beverage
cans into alum using the crystallisation process was successful [8, 26-27]

A systems analysis has been carried out to see whether it is feasible to recycle all of the trash
produced by water treatment facilities. Actual wastewater and alum sludge utilised in this study were
gathered from a water treatment facility using methods like filtration, pH correction, fluoridation, and
chlorination after aeration, chemical addition, mixing, flocculation, and sedimentation. The sediment basin,
as well as the filter backwash, is the main source of wastewater and sludge production. The waste recycling
process under study involved (a) treating the filtration backwash water in a sludge separator, (b) separating
the cumulative sludge into two fractions for alum solubilisation in an acid treatment facility and an alkaline
treatment unit, respectively, (c) transferring the properly proportioned solubility alum from the alkaline
and acid treatment units for use as a flocculation agent, and (d) screening the inert silt for final disposal

[9].

METHODS
Research Design

While a raw water sample was taken from the water treatment facility at the Basra governorate
(Shatt al-Arab water), household aluminium waste soft drink cans were obtained from scavengers in the
Basra neighbourhood. The extraction of alum from domestic aluminium wastes was done in a lab
experiment. In order to synthesise alum for this investigation, the Birni-Yauri [7-9] method was used. To
test the extracted aluminium sulfate's effectiveness in preventing coagulation, environmental deterioration,
and pollution, samples of untreated raw water were taken from the Shatt al-Arab. Aluminium is extracted
from its ores using a significant quantity of electrical energy.
The energy necessary to make a single beverage can is roughly equivalent to that needed to operate a 100-
watt bulb for 6 hours; however, this energy can be decreased by up to 95% through the recycling of spent
aluminium extract [3].
The need for drinkable water has consistently put a significant financial and social burden on governmental
agencies. Therefore, it is important to develop additional environmentally friendly and economically viable
water treatment methods.
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Study Area

The Shatt al-Arab Treatment Plant in Basra governorate is the subject of the investigation. The
dam has a significant role in delivering potable drinking water for the entire Basra metropolis, including
the governorate and beyond, which led to the selection of this area for the study. The Shatt al-Arab Water
Treatment Plant is situated at Basrah, Khorramshahr, Abadan, Iraq. The dam was built in 2006 and put into
service.

Problem Statement

Every municipal water treatment system involves the stages of coagulation and sedimentation, and
alum (aluminium sulphate) plays a critical role in accelerating and realising coagulation during the water
treatment process. As a result, both public and private institutions are spending a lot of money to acquire
this essential ingredient, which indirectly encourages human exploitation of the earth's crust and results in
sedimentation using a flocculation machine in a laboratory. Regarding the ideal requirements for standard
coagulation, which include; settling time, clarity, and Total Dissolved Solid contents (TDS), as provided
by the National Water Quality Standard (NWQS) and the Iraq Standard for Water Quality, conclusions
were drawn regarding the effectiveness of the coagulant obtained from the extracted aluminium waste
(NSDWQ). Statistical analysis was conducted using SPSS 25 for analysing the characteristics which are
presented in continuous variable measurement. ANOVA employed effective analysis, and the level of
significance was considered to be a=0.05.

RESULTS AND DISCUSSION

Table 1 demonstrated that the volume of water is equal (350 ml) in both the samples before
coagulation but was slightly high in the standard article (320 ml) after coagulation. The water turbidity is
the same in both groups before coagulation and greatest in standard after (82 NTU) coagulation. The solids
are highly dissolved in the standard group (258 ppm) after coagulation than prepared (170 ppm). The
appearance of water before coagulation is muddy/ brown and clear/colorless and a little muddy/ unclear in
the preparation and standard groups, respectively. The pH is decreased after coagulation in both.

Table 1: The test of coagulation action of the synthesized alum sample

Parameters Prepared material Standard article P-value
Volume of water before coagulation 350 ml 350 ml N/a
After coagulation 300 ml 320 ml 0.985
Turbidity of raw water before coagulation 380 NTU 380 NTU 0.998
(NTU)
After coagulation 8NTU 82 NTU 0.956
Total dissolve solid (TDS) before coagulation 340 ppm 340 ppm 0.978
After coagulation 170 ppm 258 ppm 0.969
Setting time 4 min 8 min 0.922
Water appearance before coagulation Muddy/brown Muddy/brown
After coagulation clear/ colourless Little muddy/ unclear
pH of the water before coagulation 7.4 7.4 0.998
After coagulation 3.3 6.5 0.658

The prepared material shows high conductivity (20) than the standard (15.59). The prepared
material is highly acidic (1.2 pH), with high calcium (160 mg/l), sulfate (2720 mg/l), potassium (525.6
mg/l), sodium (132.66 mg/l) and low chloride (2130 mg/l), and magnesium (92.34 mg/l) compared to
standard material (table 2).
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Table 2: Comparison of characteristics between prepared materials and standard articles

Parameters Symbol Units Prepared material Standard article P-value

Conductivity EC Ms/cm 20 15.59 0.558
Acidity pH lu 1.2 2.26 0.621
Calcium Ca Mg/l 160 100 0.661

Magnesium Mg Mg/l 92.34 97.2 0.754
Sulfate SO4 Mg/l 2720 348.8 0.498
Chloride Cl Mg/l 2130 2840 0.754
Potassium K Mg/l 525.6 35.04 0.551
Sodium Na Mg/l 132.66 60.3 0.512

Wastes are produced as a result of numerous industrial production-related activities as well as other
anthropogenic activities [28]. Wastes can be classified as either solid, liquid, or gaseous. Aluminium can
trash the primary environmental hazard in the beverage industry. The only option to minimise or
completely eliminate the environmental impact of waste is to create and put into practice an efficient waste
management strategy [29-32].

The technique of recycling aluminium allows for the reuse of aluminium scrap after it has been
produced to create new aluminium metal products or aluminium compounds like alum. By simply
remelting the metal or by employing a chemical recovery method, fresh aluminium can be produced at a
much lower cost and energy cost than by electrolysing aluminium oxide (Al.Os), which first needs to be
extracted from bauxite ore and then processed using the Bayer process [33-36]. A unique group of
substances are referred to as "alum," best exemplified by potash alum (K2SO.. Alx(S04)3.24H,0), the only
substance to which the term "alum™ was legally applied. (S04)3sM2.SO4R2.24H,0 is the general formula,
where 'M'and 'R’ are trivalent and univalent cations, respectively [37-40]

The recycling of aluminium has significant positive environmental effects. When compared to the
production of raw aluminium, recycling produces only around 5.3% of the COg; this figure drops even
lower when the mining and transportation of the aluminium are included [41]. Additionally, open-cut
mining, which devastates huge portions of the world's natural land, is most frequently utilised to get
aluminium ore despite the fact that much-spent aluminium may be recycled and turned back into aluminium
[42].

An illustration of an oxidation-reduction or redox reaction is the dissolving of Al(s) in agueous

KOH. The hydrogen in KOH or water is lowered from an oxidation state of +1 to zero in hydrogen gas,
and the Al metal is oxidised to aluminium with an oxidation state of +3. The complex ion Al(OH)4 is
known as "aluminate.” The H + ions from the sulfuric acid neutralise the base AI(OH)4 in the interaction
between the aluminate ion and sulfuric acid, which is an acid-base reaction. When more acid was applied,
the dense, white gelatin precipitate of aluminium hydroxide, Al(OH)s, was dissolved. AI**, K*, and SO4*
ions are present in the solution at this moment, derived from potassium hydroxide [43].
Recycling aluminium waste containers is quite doable and could benefit individuals, towns, organisations,
businesses, and entire industries in terms of the environment, economy, and community. Currently,
aluminium cans are recycled to manufacture more aluminium products, such as alum, using 95% less
energy than it takes to refine and smelt bauxite ore. Alum is a substance that has a wide range of uses,
including water purification, deodorant, baking powder, gelatin hardening, hardening plaster casts, and as
a medical astringent [44,45].
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CONCLUSION

In this study, alum is prepared from aluminium waste cans. These are dissolved in potassium
hydroxide to further produce illuminate and then undergo treatment with sulphuric acid, heated and then
cooled as aluminium is a crucial element due to its excellent properties like low density and corrosion
resistance hence used in the manufacturing of aeroplanes and is also a good conductor of electricity. The
aluminium is converted into alum by recycling it through heating which produces alum that is essential in
the purification of water. The study was conducted to compare the efficiency of alum that is prepared, and
that is available in markets. According to the study, water volume was roughly identical in both samples
prior to coagulation but somewnhat higher in the standard article following coagulation. Before coagulation,
the water turbidity is the same in both groups, and after coagulation, the standard has the highest turbidity.
After coagulation and preparation, the solids in the standard group are substantially dissolved. In the
prepared and standard groups, the pre-coagulation appearance of the water is muddy/brown,
clear/colourless, and just a little muddy/ unclear. After coagulation, the pH is lowered in both. The
produced substance exhibits higher conductivity than usual. When compared to the standard material, the
manufactured material is significantly more acidic and contains higher levels of calcium, sulphate,
potassium, and sodium. The study concludes that there are no relevant differences in using the alum that is
available in markets for the same purpose and that is prepared.

RECOMMENDATIONS

The author further recommends carrying out more studies regarding the usage of alum that is prepared in
the laboratory. The alum prepared in this method from waste cans can be environmentally friendly and
economical, which would reduce the cost burden to the state and the citizens. Therefore, more similar
studies should be conducted throughout the state, and more advanced studies should be conducted to get
the approval of the methodology from the governorate; hence, the process of water treatment by using
prepared alum can be brought into practice.

REFERENCES

[1]  Seruga, M., Grgi¢, I., & Mandi¢, M. (1994). Aluminium content of soft drinks from aluminium cans.
Zeitschrift ~ Fir  Lebensmittel-Untersuchung  Und  -Forschung,  198(4), 313-316.
https://doi.org/10.1007/bf01193181

[2] Duggan, J. M., Dickeson, J. E., Tynan, P. F., Houghton, A., & Flynn, J. E. (1992). Aluminium
beverage cans as a dietary source of aluminium. Medical Journal of Australia, 156(9), 604-605.
https://doi.org/10.5694/j.1326-5377.1992.th121455.x

[3] LOPEZ, F.,CABRERA, C., LORENZO, M., & LOPEZ, M. (2002). Aluminium content of drinking
waters, fruit juices and soft drinks: contribution to dietary intake. The Science of the Total
Environment, 292(3), 205-213. https://doi.org/10.1016/s0048-9697(01)01122-6

[4] Verissimo, M. I. S., & Gomes, M. T. S. R. (2008). Aluminium migration into beverages: Are dented
cans safe? Science of the Total Environment, 405(1-3), 385-388.
https://doi.org/10.1016/j.scitotenv.2008.05.045

[5] Matori, K. A., Wah, L. C., Hashim, M., Ismail, I., & Zaid, M. H. M. (2012). Phase transformations
of a-alumina made from waste aluminum via a precipitation technique. International Journal of
Molecular Sciences, 13(12), 16812-16821. https://doi.org/10.3390/ijms131216812

[6] Rozhkovskaya, A., Rajapakse, J., & Millar, G. J. (2021). Synthesis of high-quality zeolite LTA from
alum sludge generated in drinking water treatment plants. Journal of Environmental Chemical
Engineering, 9(2), 104751. https://doi.org/10.1016/j.jece.2020.104751

© STM Journals 2023. All Rights Reserved 107


https://doi.org/10.1007/bf01193181
https://doi.org/10.5694/j.1326-5377.1992.tb121455.x
https://doi.org/10.1016/s0048-9697(01)01122-6
https://doi.org/10.1016/j.scitotenv.2008.05.045
https://doi.org/10.3390/ijms131216812
https://doi.org/10.1016/j.jece.2020.104751

Production of Alum from Aluminium Drink Cans Waste for Water Treatment Abdul Karem et al.

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]

[18]
[19]

[20]

[21]
[22]
[23]
[24]
[25]

[26]

[27]

Breesem, K. M., Faris, F. G., & Abdel-Magid, I. M. (2014). Reuse of alum sludge in construction
materials and concrete works: a general overview. IUKL Research Journal, 2(1), 20-30.

Gulshan, F., Kameshima, Y., Nakajima, A., & Okada, K. (2009). Preparation of alumina-iron oxide
compounds by gel evaporation method and its simultaneous uptake properties for Ni2+, NH4+ and
H2PO4-. Journal of Hazardous Materials, 169(1-3), 697-702.
https://doi.org/10.1016/j.jhazmat.2009.04.009

Wang, L. K., & Yang, J. Y. (1975). Total waste recycle system for water purification plant using
alum as primary coagulant. Resource Recovery and Conservation, 1(1), 67-84.
https://doi.org/10.1016/0304-3967(75)90015-3

David, E., & Kopac, J. (2013). Aluminum recovery as a product with high added value using
aluminum  hazardous waste. Journal of Hazardous Materials, 261, 316-324.
https://doi.org/10.1016/j.jhazmat.2013.07.042

David, E., & Kopac, J. (2013). Aluminum recovery as a product with high added value using
aluminum  hazardous waste. Journal of Hazardous Materials, 261, 316-324.
https://doi.org/10.1016/j.jhazmat.2013.07.042

Mahinroosta, M., & Allahverdi, A. (2018). Enhanced alumina recovery from secondary aluminum
dross for high purity nanostructured y-alumina powder production: Kinetic study. Journal of
Environmental Management, 212, 278-291. https://doi.org/10.1016/j.jenvman.2018.02.009
Saravanakumar, R., Ramachandran, K., Laly, L. G., Ananthapadmanabhan, P. V., & Yugeswaran,
S. (2018). Plasma assisted synthesis of y-alumina from waste aluminium dross. Waste Management,
77, 565-575. https://doi.org/10.1016/j.wasman.2018.05.005

Aluminum recycling (2013). "Recycling Aluminum Industries in Nigeria". Available on
www.environmental-expert.com/companies/keyword-aluminum-recyling-3115/locationnigeria,
Access on 12/25/2013 by 10:35 a.m.

Chris, O. O., (2010). "Environmental Sustainability and Waste management" Journal Article, 2010.
Chemical society of Nigeria, CSN. Pp44-49.

David C., (2004). "Aluminum Can Recycling" Available on
http://www.cancentral.com/funFacts.cfm Access on 12/25/2023 by 1:40 p.m.

Lambert, J. L., Lambert M. W. (1970), "The Alums: interchangeable elements in a versatile crystal
structure.” J. Chem. Edu. 1970, pp., 47, 465 Available on
(Chemistry.about.com/od/moleculescompounds/f/what-1s-Alum.html), Access on 12/27/2013 by
11:30 a.m.

Rayner H. (1974). "The early history of alum™ Available on http://www.wovepaper.co.uk/
alumessayl.html)

St. Peter J. (1942). "The light metals: aluminum and magnesium." J. Chem. Edu. 1942, 19, 556.
Available on (http://www.madehow.com/Volume-2/Aluminum-Beverage-Can.html

Ugwekar R.P., Lakhawat G.P. (2012), "Potash Alum from Waste and Medicinal Foil" Journal
article. 2012. I0SR Journal of Engineering (IOSRJEN), ISSN: 2250-3021 Volume 2, Issue 7(July
2012), PP 62-64

Dara S.S.," A textbook of Environmental chemistry and pollution control”,S.Chand publication,
page no 97-164 , 2000.

Sharma .A , Shrama C , and Sharma A.K. Characteristics and management of Medical solid waste.
Indian Journal of Environmental protection . 27(10):897-904 2007.

Bailie et al. solid waste collection , transportation and processing. In:Environmental Engineers
Handbook , vol 111, 1974. ed B.G.Liptak , Chilton Book company , Radnor, Pennsylvania.

Perry, R.H.,” Perry's Chemical Engineering Handbook",7th ed McGraw Hill book company, page
no.2-198,2-221,2-222 , 2001.

CPCB, 2000. Status of solid waste generation, collection and disposal in metro cities. Central Urban
pollution series: Cups/46/1999/2000 in 1999-2000. Center pollution control Board, New Delhi.
David R. Lide. ," CRC handbook of chemistry and physics" eighty eight edition 2007-2008.Page
no. 5-46,5-47,5-48. [7] Kreith , F. 1994. Handbook of solid waste Management. McGraw-Hill Inc.
, New York.

Maiti , S.K. Handbook of Methods in Environmental studies , vol 1. 2001. Water and wastewater
Analysis. ABD Publishers, Jaipur.

© STM Journals 2023. All Rights Reserved 108


https://doi.org/10.1016/j.jhazmat.2009.04.009
https://doi.org/10.1016/0304-3967(75)90015-3
https://doi.org/10.1016/j.jhazmat.2013.07.042
https://doi.org/10.1016/j.jhazmat.2013.07.042
https://doi.org/10.1016/j.jenvman.2018.02.009
https://doi.org/10.1016/j.wasman.2018.05.005

Production of Alum from Aluminium Drink Cans Waste for Water Treatment Abdul Karem et al.

[28]
[29]
[30]
[31]
[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Z. Kamberovic, E. Romhanji, M. F. ¢ and M. Korac, Association of Metallurgical Engineers of
Serbia Vol. 15 (2009), pp.189-200.

A.J. Elias: A Collection of Interesting General Chemistry Experiments (Universities Press (India)

Private Limited 2002).

C. H Sultz: A Treatise On Beverages or The Complete Practical Bottler (Dick & Fitzgerald
Publishers 1888).

F.J.S. Gorgas: Dental Medicine. A Manual of Dental Materia Medica And Therapeutics (P.
Blakiston's Son & Co 1901).

A. Holden and P. Morrison: Crystal and Crystal Growing (The Massachusetts Institute of
Technology 1982).

Seruga, M., Grgié, J., & Mandié, M. (1994). Aluminium content of soft drinks from aluminium cans.
Zeitschrift ~ Fur  Lebensmittel-Untersuchung  Und  -Forschung,  198(4), 313-316.
https://doi.org/10.1007/bf01193181
Matori, K. A., Wah, L. C., Hashim, M., Ismail, I., & Zaid, M. H. M. (2012). Phase transformations
of a-alumina made from waste aluminum via a precipitation technique. International Journal of
Molecular Sciences, 13(12), 16812-16821. https://doi.org/10.3390/ijms131216812
Rosseland, B. O., Eldhuset, T. D., & Staurnes, M. (1990). Environmental effects of aluminium.
Environmental Geochemistry and Health, 12(1-2), 17-27. https://doi.org/10.1007/BF01734045
Kremser, K., Gerl, P., Pellis, A., & Guebitz, G. M. (2021). A new bioleaching strategy for the
selective recovery of aluminum from multi-layer beverage cans. Waste Management, 120, 16-24.
https://doi.org/10.1016/j.wasman.2020.11.012
Abercrombie, D. E., & Fowler, R. C. (1997). Possible aluminum content of canned drinks.
Toxicology and Industrial Health, 13(5), 649-654. https://doi.org/10.1177/074823379701300506
Paul-Ehrlich-Institut.  Sicherheitsbewertung  von  Aluminium in  Therapieallergenen.
www.pei.de/DE/arzneimittelsicherheit-vigilanz/archiv-sicherheitsinformationen (last accessed on
21 July 2017)

Deutsche Dermatologische Gesellschaft. Definition und Therapie der priméren Hyperhidrose. S1-
Leitlinie vom 15.1.2012. AWMF-Register Nr. 013/059. www.awmf.org/leitlinien (last accessed on
21 July 2017)

EFSA (European Food Safety Authority) Safety of aluminium from dietary intake, scientific
opinion of the panel on food additives, flavourings, processing aids and food contact materials (AFC)
EFSA Journal. 2008:1-34.

Umweltbundesamt. Aluminium. Stellungnahme der Kommission ,,Human-Biomonitoring® des

Umweltbundesamtes. Bundesgesundhbl. 1998;41
Deutsche  Forschungsgemeinschaft MAK- und BAT-Werte-Liste 2017. Maximale
Arbeitsplatzkonzentrationen und Biologische Avrbeitsstofftoleranzwerte Standige
Senatskommission zur Priifung gesundheitsschadlicher Arbeitsstoffe. Mitteilung 53. Weinheim:
Wiley-VCH. 2017
Kiesswetter E, Schaeper M, Buchta M, et al. Longitudinal study on potential neurotoxic effects of
aluminium: 1 Assessment of exposure and neurobehavioural performance of Al welders in the train
and truck construction industry over 4 years. Int Arch Occup Environ Health. 2007;81:41-67
Kraus T, Schaller KH, Angerer J, Hilgers RD, Letzel S. Aluminosis-detection of an almost forgotten
disease with HRCT. J Occup Med Toxicol. 2006;1
Ruckgauer M. TH-Books Verlagsgesellschaft mbH. 8. Frankfurt/Main: 2012. Labor und Diagnose,
Indikation und Bewertung von Laborbefunden fur die medizinische Diagnostik.

© STM Journals 2023. All Rights Reserved 109


https://doi.org/10.1007/bf01193181
https://doi.org/10.3390/ijms131216812
https://doi.org/10.1007/BF01734045
https://doi.org/10.1016/j.wasman.2020.11.012
https://doi.org/10.1177/074823379701300506
http://www.pei.de/DE/arzneimittelsicherheit-vigilanz/archiv-sicherheitsinformationen
http://www.awmf.org/leitlinien

