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Abstract
The objective of the paper is to give a picture of main challenges for drinking water sector in Bulgaria with focus
on residual aluminum in drinking water treated by aluminum sulfate. The investigations at drinking water treatment plant
“Borovitza” shows a correlation between dissolved aluminum and water turbidity of Borovitza reservoir which feeds the
drinking plant. Using aluminum sulfate in the treatment process as a coagulant for the turbidity decrease, the value of
residual aluminum increases above the limit of 0.1- 0.2 mg/l in drinking water at the outlet of Borovitza drinking water
treatment plant. In parallel with other measures for amelioration of permanent access to drinking water with good quality
the alternative chemical products as CFS-SOLVO® or others should be taken into consideration regarding the norms in
harmonized national water legislation with EC directives.
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Introduction
Bulgaria joined the EU on January 1, 2007. In the pre-accession period the country harmonized the legislation
with EC directives and started to implement WFD very seriously regarding the main objectives of environment protection,
ensuring drinking water supply and other uses, floods and droughts measures. Nevertheless, there are some problems with
access to drinking water with good quality in some regions which is one of the three priorities of the EU initiatives in
Johannesburg in 2002.
The water resources used by sectors with special attention on households consumption is shown in the paper as
well as some measures needed for overcoming of water shortages and distribution of drinking water with good quality.
Health risk impacts of residual aluminum in drinking water and alternative investigations for minimizing this negative
effect of aluminum coagulants is discussed.
Drinking water legislation
The Water Framework Directive 2000/60/EC (WFD) established a framework for Community action in the filed
of water policy which has been amended by Decision No. 2455/2001/EC with the list of priority substances in the field of
water policy. One year before WFD publication Bulgaria changed the 1968 Water Act with new one. The first objective of
the Water Act (Promulgated in State Gazette No.67 of 27 July 1999, and last amendment SG. 59/20 Jul 2007) is to provide
an integrated water resources management in community interest and protection of people’s health, and also to provide
conditions for provision of sufficient quantity of surface and ground water of good quality for sustainable, balanced and
reasonable water uses (Ministry of Environment and Water, 2008).
Regulation No. 12 of 18 June 2002 on the quality requirements for surface water intended for drinking water
abstraction and household supply (Prom. SG 63/28.06.2002) corresponds to the Directive 75/440/EEC concerning the
quality required of surface water intended for the abstraction of drinking water, amended by Directive 79/869/EEC
concerning the methods of measurement and frequencies of sampling and analysis of surface water intended for the
abstraction of drinking water (Ministry of Environment and Water, 2008). The Regulation No. 12 shall apply to all surface
waters intended for human consumption and supplied by distribution networks for public use. For the purposes of this
Regulation surface water shall be divided according to limit values into three categories (A1, A2 and A3), which
correspond to the standard methods of treatment as follows:
- Category А1: simple physical treatment and disinfection, e.g. rapid filtration and disinfection,
- Category А2: normal physical treatment, chemical treatment and disinfection, e.g. pre-chlorination, coagulation,
flocculation, decantation, filtration, disinfection (final chlorination),
- Category А3: intensive physical and chemical treatment, extended treatment and disinfection, e.g. chlorination to breakpoint, coagulation, flocculation, decantation, filtration, adsorption (activated carbon), disinfection (ozone, final
chlorination).
The water supply & sewerage companies shall be obliged to construct the relevant utilities in order to be able to
apply the appropriate methods of surface water treatment in accordance to Regulation No. 12 by 1 January 2007.
Regulation No. 9 of 16 March 2001 on the quality of water intended for human consumption (Prom. SG
30/28.03.2001) is harmonized with Directive 98/83/EC (Ministry of Environment and Water, 2008). The objective of this
Regulation shall be to protect human health from the adverse effects of any contamination of drinking water through the
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introduction and provision of requirements to water quality and safety.
Water use by sectors, water scarcity and prices
Total gross water abstraction in 2006 is 6559 million m3 of which: fresh surface water abstraction – 6086 million
m3, fresh groundwater abstraction – 472 million m3 and non-fresh water sources – 2 million m3. The main water source for
cooling systems is Danube river – 3399 million m3 (Figure 1) (National Statistical Institute, 2008).
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Figure 1. Total water abstraction for public and self supply in 2006.
The total quantity of the fresh and non-fresh water use during the latest five years varies between 5.3 and 5.8
billion m3 yearly. For a longer period (1991 - 2006) the structure of the water use could be characterized by the following
(National Statistical Institute, 2008):
• Increases the relative share of water supply for cooling processes in the energy activity - from 47 % of the total
water use in 1991 to 77-78% during the latest years. The increase is at the expense of the reduction of water for the other
economic activities;
• A predominant part of water use has been provided by self-supply (84%), and the other part has been supplied by
water supply & sewerage companies and irrigation systems;
• The relative share of water supply for irrigation in the agriculture decreases - from 15 % of the totally water use
in 1991 to 3% in 2005. In an absolute volume the water use for irrigation has decreased seven times in 2006 compared to
1991. During the dry year 2006 the irrigation water has been about 166 million m3 or by 15% more compared to 2005;
• There is a decrease in drinking water supply for domestic sector (households and services) - in 2006 it was twice
less compared to 1991 but its share is being kept relatively stable - between 4% and 11 % of the total water supply.
The water use by sectors in 2006 is shown in Figure 2 (National Statistical Institute, 2008):
- agriculture, hunting, forestry (incl. fishing) – 178 million m3 of which 166 million m3 for irrigation;
- industry – 4811 million m3 of which 4169 million m3 for cooling processes in energy production;
- domestic sector – 344 million m3 of which 268 million m3 for households and 75 million m3 for other services.
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Figure 2. Water use by sectors in 2006.
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More than 98% of population is served by public water supply in the new century or 98.9% in 2006 (National
Statistical Institute, 2008). The households consumption is 4% of the total water use in 2006 or average country value is 97
liters per capita per day. Nevertheless, about 200 000 people (2.5% of the total population) were left without drinking water
for weeks in the summer of 2008 and several municipalities declared a state of emergency. 10 years ago there were cases
when 1.5-2.0 million people were affected by water rationing. The reasons for water crisis are explained by decision
makers with climate changes, lack of sufficient number of reservoirs and treatment plants, and high percentages of water
losses which average value is about 60 percentages.
The transfer of surface water from one basin to other for water supply aims, water quantity control by water
metering and payment of real water price are the main measures for decreasing the water scarcity. Example, water
resources transferred to Maritza river basin is about 710 million m3 annually, of which: 177 million m3 for covering the
irrigation needs, 6.7 million m3 for domestic sector, 44 million m3 for industry, and 326 million m3 for cooling processes
(East Aegean Sea River Basin District, 2008).
Drinking water price of 1 m3 varies from 0.2 to 0.9 euro in August, 2008, where full cost recovery of water &
sewerage companies expenses is not achieved (Bardarska et al., in press). Many of the water companies couldn’t collect
part of water price from poor people and enterprises in economic collapse. Additionally, some water supply & sewerage
companies have financial problems because the subsidies for the sector are canceled and drinking water incomes cover the
expenses for sewerage services as well. The average drinking water & sewerage pricing is about 6% of the incomes of poor
population ((Bardarska et al., in press)). Sometimes the quality of drinking water doesn’t correspond to the Regulation No.
9 for drinking water quality but customers are charged. The higher concentration of different pollutants than the standard
norms are related with the lack of sufficient number of potable treatment plants (only 43.9% of the population have access
to treated drinking water in 2006), or with not so good management of existing plants.
Turbidity and residual aluminum in drinking water
One of the main quality parameter of drinking water is turbidity, based on different components with negative
health impacts in short and long period of time. As far the treatment of water extracted from a surface water source is
concerned, the value of the parameter at the outlet of the drinking water treatment plant must not exceed a value equivalent
to 1 nephelometric turbidity unit (NTU) according to the method for determination of the respective parameter in
Regulation No. 9/2001. Generally, the treatment technology for decreasing of water turbidity in Bulgaria is physicochemical method (coagulation by aluminum sulfate, decantation and sand filtration). In many cases of aluminum
coagulants implementation the achieving of good effect of turbidity decrease impacts on the concentration of residual
aluminum in purified drinking water.
Aluminum may be toxic at both environmental and therapeutic levels (Venturini-Soriano et al., 2001). The
regulation’s limit of residual aluminum of 0.2 mg/l in drinking water is investigated in many countries. Some studies
suggest that a concentration of aluminum in drinking water above 0.1 mg/l may be a risk factor of dementia and, especially,
Alzheimer’s disease and Parkinsons disease (Goncharuk V., 2008, Rondeau V. et al., 2000). More interdisciplinary work is
necessary to shed light on the aluminum connection with human neuropathologies (Zatta P. et al., 1998).
Water quality at drinking water treatment plant “Borovitza”
Last ten years the drinking water treatment plant “Borovitza” (project capacity 800 l/s), Kardjaly town, has
seasonal problems with turbidity of its water source – Borovitza reservoir (volume 24.3 million m3). The water turbidity in
the reservoir increases very fast in December – February with turbidity decrease later for a long period of 2-4 months
(Figure 3). This is related with soil erosion which produces very fine disperse clay particles. Also, there is a dissolved
aluminum in the reservoir’s water which concentration varies according to water turbidity. Linear tendency between the
turbidity and the dissolved aluminum of the water at the inlet (raw water) of drinking water treatment plant “Borovitza” is
shown in Figure 4. This phenomena of clay particles/dissolved aluminum puts technological difficulties in coagulationdecantation-filtration process.
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Figure 3. Water turbidity at the inlet of drinking water treatment plant “Borovitza” in 1998-2008.
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Figure 4. Linear tendency between the turbidity and the dissolved aluminum of
the water at the inlet of drinking water treatment plant “Borovitza”.
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Residual Al3+, mg/l

The project technology of treatment including pH correction by Ca(OH)2, coagulation by Al2(SO4)3, decantation in
radial sediment tanks, filtration by perlite filters (50% of the filters) and by zeolite filters (other 50% of the filters),
ozonation and chlorination, didn’t give good quality results in the first 72 h of the plant’s work in 1990. The suggestion of
the scientists was to replace the project’s coagulant with aluminum chloride hydroxide. This was done in 1998. The eight
years plant’s problem with residual aluminum was resolved by coagulant-flocculent-sorbent CFS-SOLVO® which
corresponds to EC Number 254-400-7 (Aluminum chloride hydroxide sulfate).
Not regarding the well working treatment process with CFS, the managers of the water supply & sewerage
company in Kardjaly town reestablished the old not effective coagulant in 2006. In the case of the usage of necessary doses
of aluminum sulfate for receiving the turbidity below 1 NTU creates the concentration of dissolved aluminum in treated
drinking water higher than 0.2 mg/l. This is the reason that the small aluminum sulfate quantity have been used, producing
permanently drinking water with turbidity several times higher than standard level of 1 NTU. The managers realize the
economy with the smaller quantity of aluminum sulfate not regarding the health requirements for drinking water. The
relation between elimination of the turbidity in percentages and concentration of residual aluminum in drinking water
treated by aluminum sulfate in May 2006 is shown in Figure 5. The perlite filters work better than zeolite filters but in the
case of turbidity elimination above 67% the dissolved aluminum is higher than 0.2 mg/l in the mixed drinking water after
the two types of filters at the outlet of drinking water treatment plant “Borovitza”.
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Figure. 5. Elimination of the water turbidity by aluminum sulfate and residual aluminum in
Borovitza drinking water in May 2006.
The worse effectiveness of zeolite filters than perlite filters was detected when the treatment was done by CFS in
May 2006 also. Nevertheless, the concentration of residual aluminum is less than 0.05 mg/l after zeolite filters and
practically 0.0 mg/l of residual aluminum in the mixed water at the outlet of drinking water treatment plant is measured
(Figure 6).
The good drinking water quality has been obtained by short usage of CFS at drinking water treatment plant
“Borovitza” in 2008. The water concentration of residual aluminum after perlite and zeolite filters as well as after mixing of
filtered waters before disinfection is always below 0.1 mg/l (Figure 7). The 2008 results for residual aluminum in drinking
water treated by sulfate aluminum is always over this level.
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Figure. 6. Elimination of the water turbidity by CFS-SOLVO® and
residual aluminum in Borovitza drinking water in May 2006.
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Figure 7. Residual aluminum in drinking water treated by sulfate aluminum and CFS-SOLVO® in 2008.
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Discussions
The quantity and quality of drinking water is one of the main priorities in the programs of measures of the 4 draft
river basin management plans (Ministry of Environment and Water, 2008). The government hopes to halve losses by 2018.
Water supply & sewerage company “Sofiyska voda” in Sofia city plans to decrease the total water losses from 56.43% in
2007 to 39% in 2013.
Bulgaria needs 9.5 billion euro to upgrade its old drinking water networks and build new reservoirs to ease severe
shortages. At the end of 2008 Bulgaria will sign an agreement with the World Bank for the loan of 88.2 million euro which
includes the finalization of 3 drinking reservoirs (Neykovtzi reservoir – 11.1 million euro, Plovdivtzi reservoir – 16.5
million euro, Luda Yana reservoir – 19.4 million euro) and modernization of Studena reservoir – 1.5 million euro (Toshev
et al., 2008). The expected results after realization of the total project at 110 million euro to 2012 with reconstruction of
four drinking water treatment plants additionally are (Toshev et al., 2008):
- elimination of water shortages for 163 000 inhabitants;
- annual electricity production – 14 million kWh;
- amelioration of drinking water quality for 240 000 inhabitants.
This amelioration of drinking water quality could be done with implementation of suitable and effective chemical
products which cost is about 1-2% of drinking water price.
Conclusions
As a new EU country, Bulgaria has many water quality challenges with implementation of European directives.
The main efforts of decision makers and politicians would be related with people’s health. Insurance of permanent access
to drinking water with good quality has to be involved at the first place in the programs of measures of the river basin
management plans, which will be finalized at the end of 2009.
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