RESUME

Analytical control of used industrial waters evacuated from Chemical Platform Rm. Vilcea. Heavy  metals determination through Spectrometry of Atomic Absorption

    Water is an important factor in ecological equilibrium and its pollution is a current problem with consequences more or less severe upon population. 

By polluting water, it is understood to affect the physical, chemical and biologic characteristics of water, directly or indirectly produces by human activities and which make the waters become inadequate to normal use for the goals where this usage is possible before alteration occurs. The effects of water resources pollution are complex and diverse, depending on nature and concentration of contaminant substances. The most critical pollution is the industrial one, characterized by a large extension of prejudiced caused to the environment.

     For the industrial pollution is much more difficult to establish the pollutants quantities. Frequently, there are found detergents, solvents, cyanides, heavy metals, organic acids, fats, colorants, washing agents, sulphides, ammonia, etc.

    In the present work there was performed an analytical control of used industrial waters evacuated from the Chemical Platform Rm. Vilcea, monitoring the content of heavy metals (Fe, Zn, Cr, NI, Cu) evacuated from Chemical Platform Rm. Vilcea, through evacuation systems of used waters Olt Spillway and Biologic Expurgation station, monitoring performed between 2006-2008 in order to determine the pollution degree.

For the whole chemical platform Ramnicu Valcea the evacuation of residual waters is performed by an unitary system of drainage found in the property and maintenance of S.C Oltchim S.A. (figure 2).

    The beneficiaries of feeding services with water and drainage (the other economic agents that carry on their activity on the Chemical Platform Rm. Vilcea) use these services on basis of firm contracts, with different clauses and express mentions upon limits imposed to quality indices of residual waters evacuated in the main systems of evacuation. 

    The residual water undertaking is made on the basis of periodic physical and chemical analysis so that in case of exceeding the required limits, it may interfere at the generating source:

     The main evacuation systems of waters in Olt emissary are:

A. The open channel Olt Spillway through the Intersection Chamber where evacuate chemically inorganic waters, chemically organic waters non-biodegradable pre-purified in local treatment stations directly through Ovoid II or finally treated for any pH correction in Final Control Station and waters conventionally cleaned and meteoric, which evacuate through Ovoid I and Ovoid II from Chemical Platform.

B. The Biologic expurgation Station which spills-over in Govora river, right affluent of Olt river and which has as objective mechanical and chemical purifying of impure chemical biodegradable waters  came from production plants of S.C. Oltchim S.A. and of sewage collected from the Chemical Platform Rm. Vilcea (SC Oltchim SA    Rm. Vilcea, CET Govora, S.C. Vilmar S.A. Rm Valcea, US Govora SA)

Heavy metals are chemical elements (metallic) with high molecular weight and generally toxic for plants and animals, even in small concentrations. 
Heavy metals are natural components of Earth’s crust.They cannot be degraded or destroied. The impurification of water surfaces with heavy metals have of many times disastrous effects on environment. That’s why the determination of heavy metals concentrations at levels of ppm or ppb is strictly neccesary.
   They are known as being very few mobile, which means, in other words, that once reached in an eco-system they are hardly eliminated from this one. The main way of contamination from industrial fields, is the emission of liquid effluents with concentrations quite low of toxic metals.
 Industrial, economical and demographic development generate huge amounts of wastes which have different chemical composition and variable content in toxic heavy metals. A defective management of these wastes lead to environment pollution and then at its degradation. 

 The pollution effects with heavy metals upon health are different depending on exposure period and of pollutant nature. Thus there can appear serious effect or ingravescence of chronic diseases, after short term exposures, up to chronic effects after long term exposures.

    Toxic pollutants of heavy metals type exercise their action upon different organs and systems of human organism, the effect being specific to the respective substance. It is very important also the fact that they gather in environment and human organism with the possibility of producing insidiously serious pathologic alterations. In order to determine the pollution degree with heavy metals and to establish – depending on case – of certain directions of action, there were submitted to analysis tests of residual waters evacuated from the Chemical Platform Rm. Vilcea taken between 2006-2008 from different places situated on the toe evacuation systems of residual waters (Olt Spillway and Biologic Expurgation Station) both evacuation systems being owned and administrated by S.C. Oltchim S.A. Rm. Vilcea.

          It was followed the impact of heavy metals evacuated through the two systems of evacuation and of residual waters, upon natural receptors Govora river – right affluent of Olt river and Olt river, through analysis performed from taken waters from the two naturals emissaries, upstream and downstream of overfall points of the tow evacuation systems above mentioned. 

         There were made measurements indifferent calendar stages following a potential influence of temperature and of some aleatory factors upon the concentration of heavy metals in industrial residual waters evacuated from the Chemical Platform Rm. Vilcea, interfering depending on case for reducing their concentration.

          The tests undertaking of residual waters and the material preparation were performed according to the Guide for establishing the undertaking programs and analysis of residual waters test NTPA 004/1997, Annex 2 at the order of the Ministry of Forest Waters and Environment Protection no 1097/1997 and ISO 5667–10, Guide for undertaking the residual waters and ISO 5667 –6, Quality of undertaken water – Part 6.

         The tests of residual waters undertaken from the two systems of Olt Spillway and Biologic Expurgation Station, were taken as medium proves.

The medium proves were obtained by mixing two punctual proves from residual effluent of 250 ml each.

The undertaken points presented a strong turbulence in order to provide a good mixture.

The undertaken points situated at a 1/3 steep of total height of the residual effluent.

The proves undertaking from Olt River and Govora stream were made according to SR ISO 5667–6, Quality of undertaken water – Part 6.

The undertaking program followed especially the effects produced by an effluent upon water quality for a certain field of main course. Two areas of undertaking were fixed: an area exactly in the upstream of confluence and an area downstream at an enough distance for providing a total mixture. 

         Contamination is a process that leads to reducing the analysis accuracy and is often met in analysis labs. For the analysis in tracks the contamination phenomenon can be significant both for real test and for witness test especially when the concentration value of the test is small and gets to be comparable to the concentration of the respective species in his test for analyzing.

         The choice of a material for the lab flask used in the analysis can not provide automatically a contamination lack of tests so that, parallel, it must be chosen an adequate method for their cleaning. Proves were taken in polyethylene flasks.

Water analysis (residual and of surface) was made through the atomic absorption spectrometry with electro-thermal atomization in the graphite oven and flame proceeding according to EN ISO 15586/2003, SR ISO 8288/2001 and SR 13315/1996.

          This method became quickly an extremely used technique in may analysis labs, firstly for the precision and accuracy of measurements and can determine hard metals at track levels (ppb-ppm) even at ultra-tracks levels (ppq–ppb). The chemical analysis by atomic absorption spectrometry  has as objective to determine an element concentration from a prove by measuring the absorption of an electro-magnetic radiation of a certain billow length (frequency) when crossing a homogenous environment  that contains free atoms of the analyzing prove in condition of vapours uniformly distributed. The extinction (measured absorption) is proportional to the concentration. A prove in atomic vapours state is fulfilled either by thermal way, with a flame (atomic absorption spectrometry in flame A.A.F) or by electro-thermal way, with an atomization oven ( atomic absorption spectrometry without  flame A.A.F.F.).

 The flame or oven temperature does not exceed 5000ºK.

At 3000ºK temperature it can be considered that all hard metals atoms are especially in fundamental energetic state Eo, the atoms ration in the first exercised stage being very small, consequently the possibility for a radiation to be absorbed is much higher than the emission possibility. 

         This absorption that implies the fundamental status is called resonance lines. The existent atoms in fundamental status will absorb the resonance radiation and will produce the atomic absorption spectrum on basis of Bourguer –Lambert- Beer. 

In atomic absorption spectrometry v0 frequency of the absorption line must coincide to the V0 frequency of the absorption line, this fact occurring only if radiation sources are used that should contain the same elements to those in the analyzed tests and the radiation absorption that crossed through atoms, is measured (in vapours status) at the maximum of the absorption line. 

         A number of 5 heavy metals were submitted to analysis (Ni, Cr, Zn, Fe, Cu) using atomic absorption spectrometers type A ANALYST 700 and Varian 240 FS DUO. Both types of spectrometers are controlled by the computer and use an optic system with double ray where light radiation is divided. A part passes through the reference channel after, it combines to the part that was directed through the flame. In this way errors induced by the variation of light intensity supplied by the source, is eliminated.

The above mentioned spectrometers are provided with control microprocessors of instrumental parameters, starting with the automatic introduction of the test in the atomization system or in the oven, providing the cycle progress, the afferent stages (drying, pre-atomization, atomization, cooling), data calibration by visualizing primary statistic parameters.

       Due to the quite high concentration of salts dissolved from tests and of complex matrix of water tests, the method that uses atomization in graphite oven is susceptible to be subject to different types of interference (molecular absorption, chemical and matrix effects).

           In order to eliminate interference due to the potential presence of chlorinates in water tests it operates in HNO3 environment  in order to transform chlorinates in more volatile nitrates  that can be eliminated in the ignition stage by the selective volatilization process of matrix. For eliminating the interference due to impurities from reactive used, it is performed, in parallel, a witness test.

          At a fund noise absorption higher than 0,8 due mainly to molecular absorption caused by salts that vaporize in optical way the conventional fund correction will not totally compensate this absorption. The fund correction in this case was performed through the Zeeman effect, detaching the atomic spectral line by disposing the source in magnetic field, increases the method selectivity. 

The advantages of Zeeman system are the closeness of the billow length and the background correction in the same area to the analytic.

The organic substances present in tests came from Biologic Expurgation of chemical platform totally eliminate in the two stages: drying and ignition. 

          Interference caused by the presence of CO32- ion are avoided because carbonates decompose at low temperatures so that the ignition stage eliminate this ion interference.

On the spectrometer type Varian 240 FS DUO iron was determined by atomic absorption Spectrometry with flame atomization, using a method of normal calibration. The fund correction was realized with the deuterium lamp. The flame used was one air/oxidant acetylene. 

          The determination of elements that were in low concentrations, under the limit for determining the used spectrometer was performed only after a precursory concentration. For concentration it can be used several methods, evaporation being the easiest method, generally a volume of 500 ml test can be brought at 25 ml, performing an increase of hard metals concentration of about 20 times, sufficient for almost determinations.

There were made determinations both on residual industrial waters taken from the two evacuation systems – Olt Spillway and Biologic Expurgation Station and on proves undertaken from the surface waters - Govora and Olt Rivers, upstream and downstream from the evacuations of the two evacuation systems.

          The obtained results were analyzed comparatively to the limit values of loading in pollutants of industrial residual waters evacuated in natural receptors according to Romanian standards for different basic ions of heavy metals  (according to HG 352/2005 concerning modification and completion  of HG no. 188/2002, Annex 3 Table 1).

         The results obtained after determining the heavy metals content in residual waters evacuated from the Chemical Platform Rm. Vilcea were used to calculate the adaptation indices IC and to determine the pollution type, according to the procedure established by Order 756/1997 of MAPPM, for approving regulations concerning the environment pollution according to the calculation formula:

Ic = C measured noxa / C admitted noxa where:

C admitted noxa = with the intervention sill (PI)

IC can be in one of the following situations:

IC< 0,7 that indicates a non-significant pollution-PN

0,7 < IC  < 1 that indicates a pollution potentially significant – PPS

1< IC < 5 that indicates a significant pollution of I – PS I degree

5< IC < 10 that indicates a significant pollution of II – PS II degree

IC > 10 that indicates a significant pollution of III – PS III degree

        On the basis of the obtained results the adaptation indices were calculated in order to determine the pollution type, respective of the impact produces by residual waters evacuated from the Chemical Platform Rm. Vilcea through the two evacuation systems, upon the natural emissaries, Govora rivers – right affluent of Olt river and Olt.

From the analysis obtained results comparing to the stipulations of MMGA Order no. 161/2006 for approving the Normative concerning the quality classification of surface waters in order to establish the ecological status of water courses (Table no. 6 let. C) – Elements and quality standards chemical and physicochemical in water, it is noticed that Govora river, as result of undertaking the effluent of Biologic Expurgation Station but also of its debit of 536,4 cub. m./h – reduced debit comparative to the debit of 5125,4 cub. m./h which becomes confluent to the effluent of Biologic Expurgation Station – changes its quality class (indices Fetot si Crtot affecting the initial quality status) and proving a pollution potentially significant.

         Olt River pollution with heavy metals (Fe, Ni, Cr, Zn, Cu) was not significant all over the analyzed period. 

For the analyzed period, Olt River maintained in I quality class at all analyzed indices (heavy metals determined in the present work).

        The evacuation of residual waters from the Chemical Platform Rm. Vilcea was performed under a strict control, exercised on behalf of the owner of the two evacuation systems of residual waters ( S.C. Oltchim S.A. Rm. Vilcea)

         These evacuations did not produce a significant impact upon the aquatic eco-system developed in Olt river waters, fact proved also by the lack of fish death during the analyzed period as well as by the diversification of aquatic fauna and flora all over the storage dams ranged on Olt River course.

         An important role for maintaining the quality indices analyzed for surface water, Olt River under the required limits, also have the hydro-graphic arrangement works of Olt River, respectively the storage dams.

        The residual waters evacuated from the Chemical Platform Rm. Valcea are undertaken by Babeni storage dam where, due to the continuous brut volume of this one of about 52,05 mil. cub. m. – of about 4 times greater than the continuous brut volume of the storage dam Govora situated upstream from the evacuation systems of industrial residual waters from the Chemical Platform Rm. Vilcea, is performed at an advanced degree of dilution, respectively an advanced dispersion of pollutants introduced, so that the impact of industrial residual waters evacuations is reduced. 
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