EU limits of Al in sewer water: a criticism from the anodising industry.
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[bookmark: _Toc479079789]Abstract
The objective of this work is to provide a description of the aluminium surface treatment process, to finally identify, with reliable numerical data, the concentrations of aluminium in wastewater. The motivation of this work lies in the low values of imposed limits, from which it arises a strong economic technical problem, which requires costly purification processes. They were taken into consideration aspects of plant type and regulatory entire aluminium anodic oxidation process, and it is given space to reflection on aluminium toxicity to humans and the environment from which they cannot originate the limits that law.
[bookmark: _Toc479079790]Introduction 
[bookmark: _Toc409453461][bookmark: _Toc425433531][bookmark: _Toc409527776][bookmark: _Toc409601250]Since the operators of the sector of surface treatment of aluminium, has been repeatedly pointed out that it is necessary a strong technological and economic commitment to lower the concentration of Al3+ within the legal limit (2 ppm) in the water coming from the treatment tanks, and discharged in the manifolds to the consortium purifiers. There are also disparities in the calculation is that in the concentration limits in the legislation. It 'just then analyse this scenario and ask yourself if it's scientific consistency on the basis of aluminium toxicity, if the analytical method is supported by a fair procedure and whether it makes sense to forward a stream of water purifiers already purified aluminium ion. The work is therefore develops starting from the description of the production framework, and, through the surface treatment process description, discusses the scenario of relatively to aluminium toxicity, as it appears from the literature, since this is the most appropriate methodology to assess the adequacy of permits threshold values.
Al production.
The Italian secondary aluminium production can be estimated at about 800,000 t / y of secondary aluminum, while there is no longer, in fact, production of primary aluminium in Italy.
The anodically oxidized aluminium, is entered in the most varied uses, both for its hardness which for its anticorrosive properties, high thermal conductivity and colours for anchoring.

Of the 800,000 t of aluminium produced in Italy, 150,000 tons are attributable to Al anodized (ESTAL, 2009). The anodic oxidation process is described, for essential lines, in Figure 1.
[bookmark: _Toc409453463][bookmark: _Toc425433536]Fig. 1. Layout of an anodizing line: the pre- and post- washings are not highlighted.

The phases of the anodic oxidation process can be grouped into three sectors: 1) pre-treatment; 2) anodic oxidation; 3) finishing treatments. To achieve a high degree of cleaning of the surface to be treated to preliminary treatments play an extremely important role. They may be of various types such as both chemical degreasing (or degreasing) or satin finish, both as mechanical brushing or polishing, or combined together, can be summarized in the following:
a) mechanical brushing: is performed by using for example brushes, abrasive disks or tapes from the surface and eliminates the physical imperfections that would not be eliminated by chemical treatments;
b) degreasing: an operation is necessary in every case to present a surface free of oil, grease, dirt etc.. and then uniformly reactive in the phases of pickling or glazing;
c) pickling and / or satin finish: the surface is attacked chemically by lightly dissolving the outer layers making the metal structure of regular and adapted to receive the anodizing treatment. The pickling, next to the stage of elimination of residual processing oils and fats, can be replaced by glazing which makes opaque and uniform the surface. In the etching process that takes place with a significant evolution of hydrogen, the material is immersed in a tank containing a solution of caustic soda at high temperature.
2 NaOH + 2 Al + 6 H2O → 2 Na[Al (OH)4] + 3 H2 ↑
The immersion time influence the final appearance of anodized material and can vary from 2-3 minutes to 15-20 minutes.
d) neutralization: it is the treatment that serves to remove the traces of the previous baths. Usually using sulfuric acid (150 g/l)
Tab. 1. Acid anodization with sulphuric acid
	Electrolyte
	Sulphuric acid

	Water solution
	H2SO4, 20%

	Current density (A/dm2)
	1 – 2 (cc)

	Voltage (V)
	14 – 22

	Temperature (°C)
	18 – 25

	Treatment time (min.)
	10 – 60

	Colour
	Uncoloured

	Thickness (m)
	5 – 30

	Application
	protection

	Character
	Hard



[bookmark: _Toc479079792][bookmark: _Toc425433539]The anodic oxidation is the heart of the production process (Table. 1). The process tends to reinforce the thin Al oxide layer that naturally exists on the surface of Al for a metal from corrosion protection (AITAL, 2013-8). The anodizing consists essentially of an electrochemical nature transformation of the surface of Al (alloy or pure). The pieces of aluminium, suitably cleaned in the preliminary treatments, are positioned on suitable racks and immersed in the sulfuric acid bath. The aluminium oxide is produced through the reaction: 2Al + 3H2O → Al2O3 + 6H + + 6e-
The bath during the oxidation operation is enriched with aluminium oxide from the inevitable slight dissolution and the title of the sulfuric acid decreases. According to an expected timing and to the evaluation of the properties of the bath, the same is replaced or refilled, providing for a replacement of the exhausted bath with the recovery of sulfuric acid from it.
[bookmark: _Toc425433540]Results and Discussion 
Sources of Al3+ in the wastewater from the surface treatment process.
There are two types of water: those which derive directly from the solutions in the tanks and those which derive from the washings. The first they arise from the control of the ionic charge concentrations that impose levies and additions. Their volume today is decreasing for the use of capture installations (resins). The latter are created in the rinsing tanks that are fed with running water and are located after each treatment tank with the objective of avoiding that residues remain on the workpieces in the machining process solution capable of ruining the workpiece and / or pollute the station of subsequent processing.
In every stage of the process it has dissolution of Al 3+ and of counter-ions such as, SO4 =, OH- that maintain the neutrality of the solution. The preliminary treatments that most determine the presence of Al in the wastewater are pickling and etching.
In the step of pickling and / or etching, the aluminium dissolution rate in alkaline solution, under the operating conditions is at least 5 g / m2 / min of treated aluminium, in industrial practice, it may happen that the dissolved aluminium (expressed as Al 3+) can reach up to 180-200 g/l. For the entrainment effect (volumes of solution which remains on the workpiece after its extraction from the tub) the concentration of dissolved aluminium will tend to stabilize to values in Italy between 80 and 180 g/l while in European countries where it is prevalent the matte finish (glazing) values are almost always higher than 200. In order to avoid the hydrolysis of the aluminate ion (generic name including prevail NaAlO2 and Na[Al(OH)4]) according to the reaction: NaAlO2 + 2H2O=Al (OH)3 + NaOH
It is necessary to adequately raise the concentration of free soda, thus shifting the equilibrium of the reaction to the left. In fact, in an aqueous solution of sodium aluminates have tetra inorganic complex structure or esa coordinated: Na [Al(OH)4], Na [Al(OH)4 (H2O)2].
And these complexes are very weak and, particularly in the hydrolysed forms (Na[Al(OH)3 (H2O) (OH)], the dissociation constants depend strongly on the alkalinity of the solution and the temperature. A decrease in alkalinity causes precipitation of solid forms of hydroxides of Al, insoluble in water. the etching solution typically contains 100-150 g/l of dissolved aluminium and to be stable must contain at least 60/100 g/l of free soda and suitable complexing agents (to improve and thinners the washing of the surfaces to be treated). 
The amount of Al dissolved in an alkaline environment will therefore depend strongly (the fourth power) by the concentration of OH- [Keq = [Al3+] [OH-]4/[Al(OH)4].
The immersion time will then be dependent on the quality of the grain and production.
The pickling process and to glazing are described in the monograph of AITAL tab. 5 (2013). It must be remembered some important figures in the aforementioned card.
Tab. 2. Treatment data (card monographic 5, AITAL)
	Pre-treatment
	NaOH (g/l)
	Temperature (°C)
	Al dissolved

	Pickling
	40-70
	50-60
	5 g/m2/min

	Glazing
	70-100
	55-60
	70-180 g/l


So considering 5g / m2 / min. and the immersion time is possible to obtain the concentration of Al. Because as mentioned above, the use of aluminium satin surfaces is widely circulated on the products of common use, the satin finishing stage has strong relevance to the concentration / disposal of Al.
It should be noted that, as mentioned, commonly found in bathrooms are used organic additives whose effect on the dissociation constants of the complexes of Al is difficult to rationalize. In general, one can say that they increase the concentration of aluminium in solution in its various complexed forms.
With regard to the anodic oxidation, experimental data confirm for the aluminium oxide a dissolution rate about 13 g/m2 / hour. In industrial practice, an oxidation tank employs more than a month to reach 20 g/l maximum allowed according to the current QUALANOD specifications. The concentration of Al is limited to 15 g/l at the most, with partial discharges calculated to maintain a concentration of the metal is optimized for speed of anodization.
The anodizing solutions can be retrieved by removing the dissolved aluminium by means of a resin system. Obviously, the dragging door aluminium in the washing tanks and, thus, intended in the sewage waters. 
The wastewater includes both entrainment water that the water used for washing. The treatment process is described in the literature (AITAL, 2013-15). The waste water has an Al content that varies in the range 100-400 mg/l (Comwell, 1983; Ward, 1982). Since the concentration does not respect the limits imposed by legislation, it is necessary to treat the waters with an alkalizing (soda or lime) and bring the pH to about 7-8. Higher values favour the dissolution of Al2O3 (as hydroxide).
The chemical concept at the base of the treatment consists in the precipitation of hydroxide of Al of which we saw the solubility non-existent. However, we have observed that the precipitation of the hydroxide in a high turbulence environment, can lead to an entrainment of crystallization germs. The molecule Al (OH)3 is in aqueous solution, a strongly hydrated molecule, which may be characterized by aggregations via hydrogen bonds (the solid form has a polymeric structure). The dimension of these parts (solidification germs) may be of 10-100 Angstroms (1-10nm), and escape to a filtration.
The wash waters are enriched, by dragging, the components of the respective processing solutions and to be destined to the discharge require an adequate purification treatment. A diagram of the water purification treatment is shown in Figure 2 and the description of the pollutants to be carried within the legal limits are shown in the table, where it was considered a medium-sized plant (worldwide), able to treat about 200 m2 / hour, producing 15-micron anodic oxide using 2 tanks of 10000 Ampere each anodization.
[bookmark: _Toc409527781][bookmark: _Toc409601255]After this treatment, the water can be downloaded or sent back to the system of anodization. Obviously, the recirculation requires a further filtration and, better yet, an ultra-filtration or a reverse osmosis treatment to reduce the excessive salinity.
Bring the concentration of aluminium dissolved in water intended for the discharge to 1 ppm is technically possible but not easy. The suspended solids (turbidity) are reduced using lime milk in the phase of mixing of the waters and, anyway, passing the same through a sand filter, which becomes a sand filter and activated charcoal, in the case of the presence of tanks of organic colouring. The activated carbon also eliminate the possible presence of surfactants, but these fall easily within the legal limits as "diluted" by the large amount of water coming from the other washes. 
Return the aluminium within the legal limits is, however, an objective problem as it is to the Al solubility product limits (OH)3. It has also been shown that an excess of "complexing" can strongly slow down the Al hydroxide precipitation even during the purification process. Solutions containing more than 100 g/l of dissolved Al require specific additives in order to maintain stability and fluidity and it is normal that these hinder the chemical-physical process of water purification.


Fig. 2 Layout of the waste water treatment.

Tab.3. Quantity of chemical species in water treatment. 
	TREATMENT
	Species&Conc. (g/l)
	Contaminants
	Dragging (g/h)
	Solids (g/h)

	Glazing
	Al 3+(2)
150
	
	50 (l/h) 
7500 (g/h)
	

	
	Additivi
20
	
	
	

	Anodisation
	Al 3+
20
	SO4=
	117,55 (as sulfate)
	166,70
As CaSO4(dry)

	
	
	
	
	34,67 (as Al(OH)3 dry)


1) Used data: 200 m2/h; Dragging from soda tank: 25 l/100 m2; Drag and Drop from other tanks: 10 l / 100 m2. 2) The value of dissolved Al depends on the type of finish
Concentrations allowed to drain in the countries of the European community,
[bookmark: _Toc425433545]In the European community as in many non-EU countries, there are clear rules that were transferred to laws governing water quality and consequently the concentrations of pollutants allowable exhaust. Italy: the law governing this area is the No 152/2006 of 27 April 2006 (Environmental Regulations), as amended. Other countries in the other countries of the quality of discharges is detected depending on the type of industrial activities and local situations of wastewater acceptability (particularly sensitive aquifer in which you enter the drains etc.).
Also in some cases it is limited not only the concentration but also the maximum amount of downloaded individual pollutants over time (eg. kg/year). This further control over the maximum allowable amount to the discharge over a period of fixed time (for example one year) serves to prevent that there are improper discharges dilutions.
The particulars of these laws for the EU countries are listed in the following tables for the Al ion. 
From the data that there is no homogeneity stands for the absolute quantities that are highly variable, while they are observed (although with variations from 3 to 5 times) the orders of magnitude of the size of the discharge concentrations.
Sweden: as in France, after treatment in production, the effluents are discharged into surface waters. If the load is high instead they are discharged to municipal treatment plants. The rules are based on the annual load checked with controls on daily and monthly flows.
Tab. 4. Pragmatic Al limits.
[image: ]
United Kingdom: the organization is unclear. The discharge into the sewer system is carried out for emissions measured instantaneously but often also for load compound in water/day.
Germany: the limit for the concentration of Al is 3 mg / l (CETS). 94% of discharges of the surface treatment industries enters into the sewer waters prior pre-treatment to reduce heavy metals to the required standard.
Netherlands: the limit is even 20 mg/l as indicated in the table below (BREF, 2006).
Tab. 5. Al limits in sewer waters in Netherlands.
[image: ]
Table 6 summarizes the pragmatic limits outlined by BREF 2006 of the European community. The data refers to one or more installations as indicated in the first line. There are some notations to highlight:
1. In the table there is rarely a distinction between surface water and sewage. Only in Sweden and Italy.
2. In Italy, the limit for public sewerage is very low (2 mg / l) when compared with all countries surveyed and particularly in comparison with Sweden which (and accepts) also concentrations of 230 mg / l.
3. Maximum limit concentrations determined for water in France, Sweden in the Netherlands, and also the levels for wastewater treated with potential BATs are significantly higher than the permitted limit in Italy: 5 max, 6,7 max, 19, 5 max, and 10 max respectively.
4. The table indicates that the concentrations achievable with the potential BATs mentioned in the document are very low, lower than the order of magnitude, both for surface water and for sewage water. The values ​​reach the limits generally expressed for drinking water.
5. From multiple drawings it is possible to act statistically on data: the emission values associated with the best techniques are evaluated over a day of production; Out-of-the-way, discarded values. Dati ripresi da altre fonti e riportati in tabella 5, indicano che in Italia i limiti sono gli stessi della Spagna, ma inferiori a tutti gli altri paesi europei.

Tab. 6. EU limits (ref.: BREF2006)
[image: ]

Tab. 7. EU limits from CETS and others.
	Acceptable limits in several EU countries [mg/l (ppm)] 
.
	
	

	
	ITALY
	BELGIUM
	FRANCE
	GERMANY
	GALLES
	NETHERLANDSs
	PORTOGAL
	SPAIN

	
	
	
	
	
	
	
	
	

	Surface waters
	1
	5
	2
	2
	5
	5
	2
	1

	Sewer waters
	2
	10
	5
	3
	10
	10
	5
	2

	Potable water
	0,2
	
	
	
	
	
	
	



[bookmark: _Toc409527782][bookmark: _Toc409601256][bookmark: _Toc425433550][bookmark: _Toc479079795]Toxicity
[bookmark: _Toc479079796][bookmark: _Toc409527794][bookmark: _Toc409601268][bookmark: _Toc425433551][bookmark: _GoBack]The toxicity of aluminium is still the subject of discussion. The most recent studies reported as being required on the Safety Data Sheets are inaccurate for acute toxicity, and do not go beyond a generic, non-numeric hazard, borrowed from that of heavy metals. This is for Al met. Than for Al (OH) 3; Only for Al2 (SO4) 3 is found in section 11 of the safety sheet:
Toxicity to Animals: Acute oral toxicity (LD50): > 9000 mg / kg [Rat].
On the other hand, it is a fact that man can ingest considerable quantities of Al during gastrointestinal treatment without any harmful effect due to biological expulsion mechanisms. The cycle of aluminium in the body still appears as a field of study.
The non-uniqueness and therefore the uncertainty stemming from the toxicological studies of aluminium is shared by many authors in the literature. [Bonacina et al., and international literature cited]. The limit for aldehyde (LD50) refers to both 2 g/kg body weight (the source is never reported) and is therefore very high. For Al it is confirmed that the compound is not included in the hazardous substances according to Directive 67/548/EEC.
Conclusion 
It is evident, if it is related to the most industrialized nations, that other European nations have far greater limits than those of the Al limits of Al dissolved in the waters. This is no longer tolerable at European level, which results in significant economic differences between the industries operating in the same territory, Europe.
[image: ]
Fig. 3. Highlighting the source of data disparity analysis in European countries.
Disparity in discipline seems to derive from an unclear link between Al toxicity and exhaustion limits as it is substantially missing or not defined, one of the terms of correlation. Indeed, we are unable to know acute and chronic toxicity with the same security that we have for all the other elements, and this makes us doubt that such a report, and in particular the severity of the limits, is inferred from parallel considerations made on other metals with which Al has nothing to do. Let us note on this point that aluminium does not appear among the priority substances.
Literature on this subject always speaks of a generic toxicity that has never been tested with the same tests on guinea pigs or organisms, with the same methods that are common practice in this field of investigation.
Going to a more technical level of discussion, from the considerations of what is being reported at European level by the Commission to suggest the best technologies for industrial production in the field of "non-ferrous metals" [BREF, 2006] it is concluded that Pollution control, and in particular of Al, is carried out at European level, considering the concentrations that are actually found in the wastewater after treatment of wastewater from the production basins before sewage. The quantities that are downloaded by many industries are kept, with daily checks. The results deriving from the survey do not therefore derive from individual withdrawals, from a situation that may be abnormal at the time, and which may consider dissolved an AI instead of being in a solid state or colloidal dimension.
Why this? We believe that the answer needs to be sought in a production that is always discontinuous in every company in Europe, which has considerable breaks, and also in a process path that can have multiple outlets for the disposal of aqueous effluents.
However, there is a more cautious attitude taken by the authorities of other countries. All this, assessment of toxicity and discontinuity of discharge, suggests the proposal for a more intense control of the content of Al in the waters, but where the limit is a cumulative limit. You should not download more than a certain amount in a given period of time.
By examining the physico-chemical aspects of the surface treatment of aluminium, it appears quite certain that the concentration of Al generated by contact between the anodised layers and the acidic aqueous solutions cannot exceed 5 ppm by limiting the calculation of this latter, any consideration of the solubility of the oxidized compounds. Aluminium sulphate which actually has high solubility is certainly present in the aqueous phase but its presence is limited by the solubility of the other oxidized forms; If it were not the anodized layer would have no chance of being there. Therefore, the highest concentrations (up to 20 mg / l) are derived from plant solutions used to favour the kinetic and chemical aspects of the process. 
On the other hand, to confirm this, many countries, as mentioned above, have set high limits of up to 10 ppm for Al concentrations, which may be an attempt to reconcile the different needs: on the one hand the nature of the matter and, on the other, the planting needs.
The analysis of complex equilibrium solutions is difficult to carry out at a theoretical level, although it can be a valid means of streamlining the solubilisation phenomena and therefore a useful aid for the optimization of wastewater treatment plants.
Let us not forget, moreover, that Al polyelectrolytes are commonly used as flocculants in the consortium purifiers to which the companies discharge. This is a contradictory fact: on the one hand it is required to eliminate the metal, on the other it is added. See the works cited in the bibliography [Correia et al. And works cited therein, 2005], of which we include a passage in the conclusions: It was verified through the experimental work that the three anodizing sludge tested have an effective coagulant capacity since we have recorded efficiencies in COD and turbidity reduction of 90%. The aluminium in the sludge solid fraction is the fundamental element for the sludge coagulation action. Floc formation is observed and flocs are easily separated from the supernatant by settling…,
[bookmark: _Toc409601265][bookmark: _Toc409527791]But then Al is toxic or is it good for flocculation?
If it is toxic, no derogation must exist. The derogation is generally granted in the face of an increase in the cost that is likely to justify a higher cost of consortia disposal operations. We are not sure of this assertion because of the physical chemical solubility data, we believe that a) there is no increase in the dissolved Al above a few units of ppm and therefore the purification operation is non-existent. B) the load is no Al is added to considerable amounts in the same scrubbers.
If it is good for the plant then why not accept a larger load without acquiring, with significant costs, other Al compounds?
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