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ABSTRACT

In 1998 the European Union (EU) revised its Drinking Water Directive, which is
responsible for regulating the quality of water in the EU intended for human con-
sumption. Specifically, the EU added a new standard for the element boron in drink-
ing water (1mg/l). Yet, because of scientific uncertainty concerning the causes and
magnitude of the boron problem in Europe during the regulatory standard-setting
process, we find that full compliance with the new drinking water standard for boron
has been hampered. Prior to the standard’s enactment, it was unclear whether boron
was derived from natural or anthropogenic sources. A new geochemical study reveals
that a significant part of the boron contamination is derived from natural sources.
Countries such as Italy and Cyprus with high natural boron concentrations in their
drinking water are, thus, finding that compliance with the new EU boron regulation
is more difficult and expensive than originally anticipated. Copyright © 2005 John
Wiley & Sons, Ltd and ERP Environment.
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Introduction

VER THE LAST FEW YEARS, THE EUROPEAN UNION (EU) HAS INTRODUCED AND REVISED SEVERAL
pieces of water legislation, which have generated a new set of challenges for its member states
to achieve national compliance. Most recently, in 2000 the EU passed the Water Framework
Directive — an overarching piece of legislation that brings together all existing EU legislation
on water resources (Article 4). In 1998 the EU had revised its Drinking Water Directive (DWD)
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(98/93/EC), which is responsible for regulating the quality of water that is intended for human con-
sumption. The DWD requires that the EU member states comply with a number of water quality stan-
dards and health parameters, and in the 1998 DWD revisions the EU added several new chemical
parameters — one of which is a 1mg/l parametric value for the element boron in drinking water (O]
L330/32). The boron directive largely affects the European member states in the Mediterranean basin
(e.g. Cyprus, Greece, Italy, and Spain), as some of their groundwater bodies contain exceptionally high
levels of boron (Kloppmann et al., 2003; Vengosh et al., 2004).

Full compliance with the new boron standard, however, has been hampered by scientific uncertainty
concerning the causes and magnitude of the boron problem in Europe during the EU regulatory stan-
dard-setting process. Through the lens of the boron standard, we disaggregate the general problem of
scientific uncertainty in the regulatory standard-setting process into two components — health effect and
cause of the problem — in order to understand better national compliance. A good deal of attention has
focused on the precautionary approach as a mechanism to contend with scientific uncertainty concern-
ing the health effects of a potential pollutant in the EU policy-making process. Instead, we shift atten-
tion to the way in which scientific uncertainty about the causes of a pollutant can impede compliance
with new regulatory standards.

The new boron standard, in particular, illuminates how policy-making based on inconclusive scien-
tific evidence concerning the causes of a pollutant can create subsequent compliance problems for EU
member states in developing timely and economically viable management solutions. The rest of the
article proceeds as follows. First, we discuss conventional explanations for the failure of states to comply
with EU directives. Our argument concerning the impact of the two components of scientific uncer-
tainty (i.e. health effects and cause of the problem) during the regulatory standard-setting process then
ensues. Second, we provide a brief overview of the element boron. Third, we describe the level of sci-
entific uncertainty that existed in the EU prior to the boron standard concerning the sources of the boron
problem. Fourth, we focus on the implementation of the boron standard in Italy and Cyprus to demon-
strate our argument. Last, we offer concrete policy proposals for overcoming the problem of scientific
uncertainty in the regulatory standard-setting process.

National Compliance and Scientific Uncertainty

Recent research on European environmental policy has focused both on the policy process that has
resulted in the different directives (see, e.g., Page and Kaika, 2003; Kaika and Page, 2003; Kaika, 2003;
Richardson, 1994) and national compliance with these directives (see, e.g., Bérzel, 2000; Jordan, 1999;
Weale et al., 2000; Ward et al., 1997). In this article, we apply the widely accepted definition of com-
pliance, which includes both the transposition of international law (or in this case EU law) into domes-
tic law and the achievement of practical results (Weiss and Jacobson, 1998).

A common theme that underlies these studies on national compliance is that the EU member states
have failed to transpose EU environmental policy in general and water policy specifically into national
law and to achieve practical results. Many explanations for the EU’s long history of compliance prob-
lems emphasize national norms, institutional fragmentation and what have been described as ‘other
national peculiarities’ (Weale et al., 2000). Borzel (2000), for example, finds that a misfit between a
state’s administrative and legal structures and EU policy can contribute to a state’s inability to comply
with EU environmental policy. La Spina and Sciortino (1993) argue that the specific national and cul-
tural characteristics of the Mediterranean countries (also known as the ‘Mediterranean syndrome’) have
hindered their compliance with EU environmental legislation. Still others suggest that compliance prob-
lems arise because of a lack of consideration for ground-level implementation when the directives were
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drafted that includes ‘variations in the technical, managerial and institutional capacity of member states’
(Ward et al., 1997, p. 207).

While the lack of suitability of EU standards to local conditions and the neglect of ground-level imple-
mentation undoubtedly create compliance problems, we argue that to understand better compliance
problems attention must also focus on the uncertainty surrounding the cause of the problem in the reg-
ulatory standard-setting process. The above-mentioned studies fail to link explicitly the different com-
ponents of scientific uncertainty during the regulatory standard-setting process to national compliance.
We, thus, offer an alternative explanation for poor compliance that posits that scientific uncertainty sur-
rounding the definition of potential causes during the policy-making cycle sets in motion many of the
compliance problems alluded to in the literature on EU environmental compliance. Yet, unlike Jordan
(1999), for example, who argues that one of the main reasons for the poor implementation of European
water policy is its lack of a sound scientific foundation regarding the health effects, we argue that the
lack of scientific evidence regarding the causes of the problem is under-addressed.

During the first stage of the policy-making cycle in which an environmental problem is defined and
placed upon the policy agenda, the role of scientific uncertainty regarding potential health effects is most
prominent. If scientists cannot agree upon the effects of a certain environmental pollutant for human
health or the natural environment, it is often difficult to get policy-makers to pay attention to the issue.
In response to the problem of scientific uncertainty during the problem-definition stage, the EU has
promoted the precautionary principle and relied upon scientific evidence from leading scientists to
devise its environmental policies. The precautionary principle obliges states to take action even before
it is fully known what are the real effects of an environmental problem so as to prevent potential harm
to the population (see, e.g., O’Riordan and Cameron, 1994). The 2000 EU Communication on the Pre-
cautionary Principle signaled the EU’s commitment to the precautionary principle as a risk manage-
ment strategy to prevent ‘potentially dangerous effects on the environment, human, animal or plant
health’ in the absence of sound scientific evidence that could prove otherwise (European Commission,
2000). As a result, over the last decade the precautionary principle has guided EU environmental policy-
making. It has also become one of the core components of EU water policy (see, e.g., Handbook on the
Implementation of EC Environmental Legislation). When faced with inconclusive proof of significant harm
to the population, the EU is, thus, obligated to act and strengthen its policies (DG Environment and
Project Management Group, 2003).

In the water sphere, the EU must ensure ‘good status’ drinking water for its population. As a
result, the EU has turned to select communities of scientists to help it enact new standards that limit
harmful pollutants in drinking water. According to Richardson (1994), scientists from the World Health
Organization (WHO), for example, define the water policy agenda because they possess most of the
knowledge and hence power to declare whether a certain pollutant is potentially harmful.

While the precautionary principle has become a useful policy tool to assist the EU in overcoming sci-
entific uncertainty during the problem-definition stage and bring about new environmental standards,
it does not adequately deal with the uncertainties as to the cause of the problem. As a result, national
compliance is unachievable for reasons related to the lack of scientific evidence in the policy-making
cycle regarding the cause of the problem. First, the absence of any cost/risk analyses results in a demand
for standards that are often impossible to achieve (Jordan, 1999). Second, scientific uncertainty regard-
ing the cause and magnitude of the environmental problem renders conventional solutions inappro-
priate and thus impedes national compliance. In short, while the precautionary principle has enabled
the EU to enact new standards even when inconclusive evidence exists about the risk to human health,
the lack of clear scientific evidence about the causes of the source of a pollutant turns out to be the main
barrier to achieving national compliance. Thus, the absence of scientific clarity surrounding the specific
causes of a pollutant makes it difficult to ensure that effective action can be taken once EU legislation
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is transposed into national law. Furthermore, in instances where both the causes and effects of the
problem remain inconclusive, those responsible for implementation (e.g. national and local water
authorities and managers) are left with the burden of proof to demonstrate that the potential health risk
might not be as harmful as assumed and hence that the EU standards are too strict. Moreover, they
must also investigate the origins of the problem so that they can develop appropriate solutions.

The Element Boron

Boron is an inorganic element that is dissolved in water. Typically, low-saline ground water and rivers
contain low concentrations (<o.rmg/l, Neal et al., 1988; Wyness et al., 2003) whereas saline water may
show high concentrations up to several tens of mg/1 (4.7mg/1 for seawater). The potential sources of
boron contamination in water resources are either anthropogenic (pollution from sewage effluents,
boron enriched fertilizers and land-fill leachates) or natural (e.g. water—rock interaction, sea water
encroachment, mixing with fossil brines or hydrothermal fluids) (Vengosh et al., 1994, 1999).

Boron has various industrial uses, ranging from the glass and ceramic industries to detergents and
soaps. The industrial applications of boron result in the accumulation of boron in industrial wastes that
then permeate into the natural environment. The main industrial use of boron that affects the envi-
ronment is the detergent industry (Waggott, 1969; Raymond and Butterwick, 1992; Vengosh et al.,
1994). Because sodium perborate is an excellent bleaching agent, detergent companies have added it to
their washing powders for decades. Consequently, the high content of boron in detergents results in the
accumulation of boron in domestic wastewater, particularly in industrial countries. Typically, the boron
content in domestic wastewater ranges from o.5 to 1mg/l. Surveys of boron concentration in rivers in
the United Kingdom (Neal et al., 1998) and other EU states (Wyness et al., 2003) show that in most
cases the boron concentration in rivers does not surpass the drinking water value of 1mg/l. Further-
more, high levels of boron concentrations were found mostly in rivers that are associated with urban
and industrial drainage relative to those from rural areas (Neal and Robson, 2000), thus indicating a
direct link between boron contamination in rivers and sewage pollution.

Since a large fraction of the rivers in Europe are polluted, over the last few decades many European
countries have instead turned to ground water as their main source of drinking water. At high levels
(i.e. above 1mg/l), boron is considered a serious threat to the use of ground water for both drinking and
agricultural purposes. Boron, for example, affects plant growth and yields because it is biologically an
essential micronutrient for many plants; an overdose or an underdose of boron can result in toxicity or
deficiency symptoms in plants, respectively. In fact, a level of boron in irrigation water exceeding 1mg/1
can significantly affect the yield of sensitive crops such as citrus fruits. In contrast, borate minerals are
added to fertilizers to compensate for boron deficiencies in areas where the natural soil lacks boron (e.g.,
Western Central Valley, California).

Prior to the introduction of the EU boron standard, few studies existed that examined the direct effects
of boron — especially from ground water — on human health." Rather, the 1993 WHO guidelines for
drinking-water quality proposed a 0.3mg/] (later revised to o.3mg/l) standard for boron in drinking
water largely based upon a 2-year study on dogs that was published in 1972 (WHO, 1998). Such toxi-
cological studies that focused on high concentration oral exposure of laboratory animals showed that
boron toxicity could lead to reduced fertility and sterility (see also, e.g., Mastromatteo and Sullivan, 1994).
The only proven effects of acute exposure on humans (e.g. workers in borax mining and production
facilities) were short-term irritation of the upper respiratory tract (Garabrant et al., 1984, 1985; Wegman

"For a comprehensive survey of research on boron, see WHO, 1998.
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et al., 1994). Since then, two studies that examined fertility and secondary sex ratios in response to long-
term exposure to boron among the population in two geographical regions in Turkey have found no
negative effects on fertility (Sayli et al., 1998, 2001). An influence of boron intake on certain human key
enzymes, however, cannot be excluded (Huel et al., 2004).

Scientific Uncertainty and The Sources of Boron Contamination

Based upon the above-mentioned toxicological studies combined with input from different stakehold-
ers (e.g. water supply companies), the EU adopted a standard of 1mg/l for drinking water (interview
with CIGRI, Tuscany, Italy, 2001). Prior to the new boron standard, the EU had only listed boron as a
recommendation (1mg/l), which countries could exceed if they so wished. In fact, the United Kingdom
had a standard of 2mg/l, and Italy only had a guideline of 2mg/l. While this new standard is more tol-
erant than the revised WHO recommendation (o0.5mg/l), it still is stricter than many EU member states’
previous standards and guidelines. Moreover, this new boron standard is a precautionary measure since
the current classification of boron as a pollutant in the new DWD has rendered large amounts of ground
water unusable for human consumption in many of the Mediterranean basin countries because of
boron’s suspected health effects (Kloppmann et al., 2003). The new standard has required the EU
member states to take action, especially regarding their ground water resources.

In addition to the inconclusive evidence to the risks for human health, uncertainty concerning the
causes of the boron problem in Mediterranean water resources also existed during the regulatory stan-
dard-setting process. At that time, it was unclear whether boron was a natural contaminant or an anthro-
pogenic one, and, depending upon the source of the boron pollution, different management solutions
are possible for ensuring compliance.

When the EU considered the WHO boron standard, representatives from the detergent industry
(Roberts, 1995) claimed it was uncertain whether the source of the boron in the ground water was derived
from human pollution generated from the addition of boron to detergents, which then results in the
formation of boron-rich sewage. Similar to other inorganic ions, boron is not removed during standard
sewage treatment processes. As a consequence, even treated wastewater typically has high boron con-
centrations. Available data from surveys of boron concentrations in European rivers that indicated that
boron in rivers was directly linked to domestic sewage and/or industrial pollution (Neal et al., 1998) sup-
ported the perception that boron in ground water was also from anthropogenic sources. The most
obvious management solution then is to reduce the amount of boron in detergents since they are the
principal source of boron in sewage effluents. Compliance, as a result, would turn out to be feasible in
the short term. In fact, some countries (e.g. Cyprus) had already taken such measures to reduce the
boron level in detergents and consequently in domestic sewage effluents.

Yet, at the time the boron standard was promulgated, it was unclear what the source of the boron in
the drinking water was because a comprehensive survey of boron-rich waters in Europe — especially con-
cerning ground water resources — had not been carried out. Because of this lack of scientific evidence
about the source of the boron-rich ground water, some water suppliers contested the new standard,
arguing that it would be difficult to enforce in areas of high boron in the ground water, especially if it
turned out that the source was natural (interview with CIGRI, Italy, 2001).

If the source of the boron is ‘geogenic’ and derived from natural reactions with the rock of the host
aquifers, management solutions that ban the use of borates in detergents are largely ineffective. More-
over, it is not possible simply to restrict the use of ground water resources in countries where ground
water is the primary source of drinking water. Although the new standard requires the water authori-
ties to regulate the amount of boron in drinking water, the removal of natural boron, it turns out,
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demands technological solutions that are often potentially costly and mostly still at an early stage of
development. Dilution of boron-contaminated water with low boron water, for example, can be costly,
especially when low boron water has to be transported over long distances.

Thus, in order to address the extensive uncertainty concerning the definition of the potential causes
of the boron contamination, research carried out after the enactment of the new boron standard by the
EU Fifth Framework Program — BOREMED (‘Boron contamination of water resources in the Mediter-
ranean region: distribution, sources, social impact and remediation’) — has mapped the boron problem
in the Mediterranean states and delineated the source of the boron contamination (see
http://boremed.brgm.fr, accessed 28 August 2004). In addition, the project examined the institutional
water framework in different countries with high boron levels in order to evaluate the effect of the insti-
tutional setting on national compliance with the EU DWD. Data collected from national and regional
databases for more than 6000 selected ground water points as part of the BOREMED project reveal that
around 10% of the investigated water resources in the Mediterranean basin have boron levels exceed-
ing the new EU DWD (Kloppmann et al., 2003). Results show that large volumes of ground water in
Cyprus (up to 13mg/l), the Chalkidiki peninsula in Greece (6mg/l) and the Cornia River basin in
Tuscany, Italy (8 mg/l), are currently unusable due to high boron. In Tuscany, Italy, more than 30 percent
of the local ground water has boron content exceeding the parametric value of the DWD of the EU of
1mg/l. In addition, high boron in ground water from the Lower Andarax basin in southeastern Spain
was reported with boron concentrations up to romg/l (Sanchez-Martos and Pulido-Bosch, 1999).
Outside the EU, boron in drinking water is a problem in the southern part of the Mediterranean coastal
aquifer that is shared between Israel and the Gaza Strip; here, boron concentration in the ground water
reaches 3mg/1 (Vengosh et al., 2002b). High boron in ground water is also found in western Turkey
(Col and Col, 2003; Vengosh et al., 2002a). In Kutahya Province in Turkey the average boron content
in 382 water samples (tap water and natural springs) is 10 £ 4 mg/1 (C6l and C6l, 2003). In short, accord-
ing to the new drinking water standard, many ground water bodies along the Mediterranean cannot be
used to supply drinking water.

National Compliance in Cyprus and Italy

In order to understand how scientific uncertainty surrounding the definition of the potential causes has
an impact on national compliance, we focus on Cyprus and Italy for several reasons.” First, in both these
cases, boron contamination in drinking water is severe, and the source of the boron contamination turns
out to be a largely natural phenomenon. Second, these countries differ in the scale of the problem. In
Italy the boron problem is a local problem rather than a national one, and as a result, the local water
companies in conjunction with the regional water authority are responsible for compliance. In Cyprus,
the boron problem is a national problem. Third, Cyprus enabled us to examine the effects of the EU
accession process on the way in which Cyprus addressed its boron problem.

Cyprus

Water is a scarce resource in Cyprus, which is the third largest island in the Mediterranean. All
the aquifers in Cyprus are exploited beyond their safe yield (i.e., pumping exceeds replenishment),
resulting in a water deficit of about 40 MCM per year (Socratous, 2000). One of the main water quality

*Besides on-site field investigations in Italy and in Cyprus, interviews were carried out in Italy with representatives from ATO s, the Tuscany
Regional Water Department and the water supply companies. In Cyprus, interviews were conducted with the Water Development Department.

Copyright © 2005 John Wiley & Sons, Ltd and ERP Environment Eur. Env. 15, 1-12 (2005)



The EU Drinking Water Directive 7

problems in Cyprus is water salinization owing to a combination of seawater intrusion (Socratous,
2000), natural saline waters and anthropogenic sources such as agricultural return flows enriched in
nitrates, pesticides and insecticide residuals from agricultural activities.

In May 2004 Cyprus joined the EU, and as part of its accession negotiations
Cyprus adopted new legislation in order to ensure full implementation of the DWD. By May
2001, Cyprus had transposed all the provisions (i.e. water quality parameters) in the DWD into national
law (http://europa.eu.int/scadplus/leg/en/lvb/ersiir.htm, accessed 29 August 2004). Moreover, the
Cypriot government promulgated a new Water Entity Law (2001) so that its legislation is in agreement
with the Water Framework Directive (see, e.g., Getimis and Markantonis, 2003). To date, the
Water Development Department is responsible for carrying out the water policy of the Ministry of
Agriculture, Natural Resources and Environment. However, because of the need to harmonize water
management policies with the Water Framework Directive, Cyprus has begun to reform its whole struc-
ture of water management through the creation of these new water entities (i.e. 2001 Water Entity Law).
These water entities will be solely responsible for formulating and implementing water management
policies.

Cyprus is one of the few European governments with a long history of policy action to deal with boron
because of an early awareness that boron is toxic for certain agricultural crops. Since 1974, Cyprus has
taken measures to restrict the use of boron compounds in any application that might give rise to high
boron containing effluents that could pollute surface and ground water. In particular, Cyprus restricts
the amount of boron in its detergents in order to reduce boron contamination in treated wastewater,
which is then used for irrigation. While the reduction in boron in treated sewage may prove to be ben-
eficial for agriculture since there will be less boron contamination in the irrigation water, these regula-
tions will have negligible effects for improving the quality of ground water used for drinking purposes.

Prior to the new EU boron standard, however, boron was not considered a drinking water problem
since the water authorities had only recorded a small number of villages with high levels of boron in
their drinking water (interview, Water Development Department, 2002). Once it became known that
the boron contamination in Cyprus was more widespread than originally assumed and was derived from
natural sources, it became apparent that previous approaches that include the reduction of boron in
detergents were not sufficient for Cyprus to meet its obligation to abide by the EU standard for drink-
ing water. Moreover, the simple solution of diluting boron-rich water with boron-poor water is not applic-
able because of water scarcity and the lack of suitable boron-poor water. Since the source of the boron
contamination in Cyprus is primarily natural, Cyprus has been forced to turn to more costly approaches
to provide ‘good status’ water that is in compliance with the boron standard for drinking water. In
particular, Cyprus has turned to desalinated seawater to increase supply to meet its rising demand for
drinking water. Reverse osmosis desalination has tremendous potential as a supplier of new water for
the 21st century, especially in areas of the world where water is scarce or the quality is inadequate. Yet,
its widespread application is hampered by the fact that standard reverse osmosis desalination only
partially removes boron.

In sum, the lack of understanding that boron was naturally occurring rather than anthropogenic
during the regulatory standard-setting process has created a compliance dilemma for Cyprus in its
endeavors to implement the EU DWD. On the one hand, Cyprus has revised its institutional and legal
structure to ensure harmonization with the EU directives; yet, on the other, the boron standard still
remains unachievable precisely because past solutions that would restrict the amount of boron added
to detergents are inadequate for full compliance. Rather, uncertainty concerning the potential causes of
boron contamination in the policy-making cycle has forced Cyprus to invest in technological innovation
(e.g. reverse osmosis or boron-specific resins) to supply drinking water that meets the new boron stan-
dard from both ground water and desalinated water.
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Italy

Unlike Cyprus, where the boron problem is national in scope, in Italy it is more localized in areas with
geothermal activity such as in the Cornia River basin in southern Tuscany. The water resources from
the alluvial aquifers of the Cornia River basin have been intensively exploited since the 1920s for regional
water supply. At present, more than 1000 wells exploit about 40 x 10°m?/year of ground water from
the main hydrologic units of the Cornia alluvial aquifer. The significant increase in water exploitation
over the last century (about 70%) and the parallel decrease in local precipitation are responsible for the
draw-down of the water table that has led to deteriorating water quality, particularly seawater intrusion
in the coastal part of the aquifer (Pennisi et al., 2004; Bianchini et al., forthcoming 2005).

In addition to ground water salinization, boron contamination occurs in both the coastal and inland
parts of the Cornia basin. The boron concentrations in ground water that are used for drinking water
range from 1 to 4 mg/l and can locally reach 8 mg/1 (D’Avino and Spandre, 1995; Pennisi et al., 2004;
Bianchini et al., forthcoming 2005) and thus clearly exceed the EU limit of 1mg/l. Geochemical and
isotopic data generated by the BOREMED project reveal that the boron contamination in the Cornia
River basin is also a natural process (Pennisi et al., 2004).

Prior to the new EU standard, boron was never considered a problem for drinking water or agricul-
ture in the Cornia River basin; rather, the high level of salinity in the water was seen as much more
pressing, especially for the agricultural sector (interview with ATOj5, Tuscany, 2003). In fact, before the
introduction of the boron standard, Italy only had a guideline for boron in drinking water of 2mg/l.
According to interviews (2003) with the local water company and regional water authority, they never
paid particular attention to the high levels of boron largely because they did not see any immediate health
risks and the local population never complained about the taste of the drinking water.

As a result, the regional water authority has only addressed the boron problem as part of the larger
program of restructuring the water sector in Tuscany, Italy, to meet its EU obligations. In order to comply
with the Water Framework Directive, Italy had to reform its system of water management so that water
users will pay the real price for drinking water at the same time that its water management institutions
must ensure good quality drinking water. Italy has 21 regions, 100 provinces, and about 80oo munici-
palities (Water Services, the Tuscan Model, 2003). Until the 199os water service management in Italy (i.e.
water supply, sewerage and purification) was entrusted to the municipalities that supplied domestic water
either through public service bodies or through licensing concessions to private companies. Owing to the
high fragmentation of the municipalities, hundreds of water boards existed, which resulted in poorly
managed and often under-budgeted water supply systems (Water Services, the Tuscan Model, 2003).

In response to both the deteriorating system of water management at the domestic level and demands
from the EU for harmonization, the Italian government has authorized the creation of new water basin
authorities. As part of Italy’s transposition of the Water Framework Directive into Italian national law
that requires water to be managed on the basis of river basins, rather than according to geographical or
political boundaries (interview with ATO s, Italy, 2003), these new water basin authorities also have the
responsibility for ensuring compliance with the drinking water standards (see also Rinaldi and Salvati,
2002). Tuscany with its 287 municipalities was divided into six optimal territorial areas (ATOs). In each
ATO all the organizational and service functions previously held by the municipalities have been fran-
chised to a single water company. Most of the boron contamination of drinking water is located in ATO
5, which covers the Cornia River basin. At present, with the creation of ATOs5, ASA Spa (Azienda Servizi
Ambientali) is responsible for ensuring that the drinking water does not contain boron above 1mg/l. It
received the franchise for the provision of drinking water after merging with several other water com-
panies such as CIGRI, which previously was responsible for the supply of the drinking water in the
Cornia River basin.
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In contrast to Cyprus, where compliance depends upon action at the national level, in the Cornia
basin compliance is very much a local issue. Here, the uncertainty concerning the definition of the causes
during the policy-making cycle has made compliance even more difficult for the local water suppliers.
They must bear the costs of compliance that entails devising new management solutions to reduce the
level of boron in the drinking water. Moreover, because boron is a local issue, the role of scientific uncer-
tainty concerning the direct health effects on the population is also more pronounced. The local water
company argues that compliance is especially costly given that the risks to human health are still not suf-
ficiently substantiated. Rather, if boron is damaging to human health, they should have been aware of it
before the new standard was passed given that the local population has for generations been drinking
water in which the boron content has reached 4 mg/1 (interview with ASA Spa, Italy, 2003). Thus, com-
pliance in Tuscany has been constrained by the dual role of scientific uncertainty in the regulatory stan-
dard-setting process — that is, concerning the direct effects on human health and the causes of the boron
contamination.

Water managers in the Cornia River basin have turned to water planning measures that emphasize
the dilution of boron-contaminated water as a temporary solution given the local nature of the boron
problem. At present, the local water supply company mixes the boron-rich water with high quality water
to reduce the level of boron in the water that is supplied for both drinking and agricultural purposes.
The longevity of this solution is limited primarily because of the diminishing amounts of available high-
quality water. An alternative treatment is reverse osmosis or boron-specific removal, but the higher costs
would be transferred onto the consumer. Prior to the new administrative reforms that have created the
ATOs, most Italians have not paid the real cost for their drinking water supplies so it remains unclear
the extent to which residents in the Cornia Valley would be willing to pay for more expensive water that
meets the EU boron standard for drinking water.

In sum, because the source of the boron is natural and not anthropogenic, for the water authorities
in the Cornia River basin to ensure compliance with the new EU standard, they must turn to innova-
tive management solutions, which include finding alternative sources of drinking water.

Implications and Recommendations for Improving National Compliance

Overall, the uncertainty concerning the sources of the boron contamination that existed during the EU
regulatory standard-setting process has created a compliance dilemma for countries with boron-rich
water. While it turns out that scientific uncertainty regarding the health effects of boron in drinking
water facilitated the enactment of the new boron standard, the scientific uncertainty about the causes
of the boron in the drinking water has hampered national compliance. On the one hand, the respective
water authorities have undertaken concrete efforts to ensure compliance such as embarking upon insti-
tutional reform and transposing the new standard into national law. They have also proven their
willingness to pay higher costs to comply with the new standard. Yet on the other hand, full national
compliance has proven difficult precisely because of the lack of conclusive data about the source of
the problem when the standard was enacted. Thus, while one could argue that compliance would
have been cheaper and easier if the boron contamination had been anthropogenic since the costs would
have fallen on the detergent companies, this overlooks the concrete steps taken by the national and local
water authorities in Cyprus and Italy to ensure compliance once it was discovered that the source was
natural.

Jordan (1999, pp. 13-14) claims that EU water policy has proven ‘to be one of the most expensive
and . . . one of the toughest to implement’ and ‘increasingly unpopular with member states, who believe
key standards are unnecessarily stringent’. Yet, few have suggested ways in which to prevent such
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compliance dilemmas from arising prior to the promulgation of new drinking water standards. Here,
we suggest some steps that can be taken in regards to the boron case.

First, in order to improve national compliance and subsequently reduce uncertainty about the appro-
priate management solutions, the EU should invest in reducing the level of uncertainty concerning
the causes of a pollutant even while pursuing policies based upon the precautionary principle. Without
adequate information about the causes of the pollutant in the regulatory standard-setting process, the
responsible bodies for compliance must then invest in studies to delineate the cause of the problem,
which can delay the implementation of appropriate solutions. In the case of the boron standard, the
finding that the boron was derived from natural sources has forced affected countries to invest in costly
‘reparative’ technologies rather than just reducing the level of sewage waste if the source had been
anthropogenic boron.

Second, even if the EU cannot wait for conclusive scientific evidence about the potential health effects
of a contaminant, it should build into its policy-making process a time frame for carrying out scientific
studies to determine whether the presumed health risk does, indeed, exist. This would also create an
efficient mechanism for updating new information about the costs and benefits of new environmental
standards, since the EU has rarely moderated its standards (see, e.g., Jordan, 1999). This is particularly
important for countries such as Italy in which the boron problem is local. Without a clear understand-
ing of the source of the contamination, EU regulatory standards can lock countries into having to rely
upon expensive technological solutions before clear scientific data is available to either prove that boron
is negative for human health or not.

If conclusive evidence had existed during the EU policy-making process that much of the boron found
in groundwater was natural, health impact studies could have then been carried out concurrently in
regions where the population has been exposed to boron in the drinking water for decades (see, e.g.,
Sayli et al., 1998, 2001). In fact, recent epidemiological studies carried out in Northern France where
the boron was determined to be natural do not substantiate the idea of a deleterious effect of boron on
human health at low-dose exposures (up to 1mg/l) (Yazbeck et al., submitted). In short, reducing uncer-
tainty about the source of the contaminant can also have positive effects on reducing the uncertainty
regarding the health effects and enable better cost/risk analysis for developing feasible management
solutions.

Third, to facilitate national compliance, the EU should support close consultations with local and
national stakeholders (i.e. water supply companies and basin authorities) even during the earliest phases
of the regulatory standard-setting process. Institutional channels should be strengthened so that EU reg-
ulatory bodies can, thus, take into account new information about the causes of the contamination and
its effect on national compliance. In the case of boron, national compliance is, moreover, contingent
upon the local and national water authorities having reliable information concerning the source and
magnitude of the boron contamination. Finally, mitigating the uncertainty surrounding both the sources
and effects of the boron problem may also reduce opposition from water supply companies and
consumers to comply with such new directives.

Acknowledgements

The present study was conducted under the Fifth Framework European Research Project BOREMED
(contract EVK1-CT-2000-000406) financed by the European Union. The authors would like to thank
Kate O’Neill and two anonymous reviewers for their insightful and detailed comments and Maddalena
Pennisi and Antonis Charalambides for their help in arranging interviews in Italy and Cyprus,
respectively.

Copyright © 2005 John Wiley & Sons, Ltd and ERP Environment Eur. Env. 15, 112 (2005)



The EU Drinking Water Directive 1

References

Bianchini G, Pennisi M, Cioni R, Muti A, Cerbai N, Kloppmann W. 2005 (forthcoming). Hydrochemistry of the Cornia allu-
vial aquifer (Tuscany, Italy): impact of hydrothermal fluids, seawater intrusion and water-sediment interaction.

Borzel T. 2000. Why there is no ‘southern problem:” on environmental leaders and laggards in the European Union. Journal
of European Public Policy 7(1): 141-162.

Col M, Col C. 2003. Environmental boron contamination in waters of Hisarcik area in the Kutahya Province of Turkey. Food
and Chemical Toxicology 41: 1417-1420.

D’Avino D, Spandre R. 1995. Presence of boron in groundwater in the coastal plain of the Cornia river, Italy. Journal of
Environmental Hydrology 3: 3-10.

European Commission. 2000. Communication from the Commission on the Precautionary Principle, European Commission
Comm 1. http://europa.eu.int/comm/dgs/health_consumer/library/pub/puboy_en.pdf [25 November 2004].

Garabrant DH, Bernstein L, Peters JM, Smith TJ. 1984. Respiratory and eye irritation from boron oxide and boric acid dusts.
Journal of Occupational Medicine 26: 584-586.

Garabrant DH, Bernstein L, Peters JM, Smith TJ. 1985. Respiratory effects of borax dust. British Journal of Industrial Medicine
42: 831-837.

Getimis P, Markantonis V. 2003. Current Status of Water Sector Restructuring in Cyprus, working paper published by the
EU project intermediaries.

Handbook on the Implementation of EC Environmental Legislation. http://europa.eu.int/comm/environment/enlarg/
handbook/handbook.htm [12 September 2004].

Huel G, Yazbeck C, Burnel D, Missy P, Kloppmann W. 2004. Environmental boron exposure and activity of §-aminolevulinic
acid dehydratase (ALA-D) in a newborn population. Toxicological Sciences 80: 304—309.

Jordan A. 1999. European community water policy standards: locked in or watered down? Journal of Common Market Studies
37(1): 13-37.

Kaika M. 2003. The water framework directive: a new directive for a changing social, political and economic European frame-
work. European Planning Studies 11(3): 299—310.

Kaika M, Page B. 2003. The EU water framework directive: part 1. European Environment 13: 314—327.

Kloppmann W, Pennisi M, Bianchini G, Muti A, Cerbai N, Vengosh A, Pankratov I, Marei A, Dotsika E, Poutoukis D, Voutsa
D, Kouimtzis T, Charalambides A, Klose P, Shathas A, Huel G, Baker |, Priel M, Glueckstern P, Weinthal E, Parag Y,
Negrel P, Casanova |, Gutierrez C, Guerrot C. 2003. Boron contamination of water resources in the Mediterranean region:
distribution, sources, social impact and remediation: the BOREMED project. Hydrology of the Mediterranean and Semi Arid
Regions, International Conference, Montpellier, 2003.

La Spina A, Sciortino G. 1993. Common agenda, Southern rules: European integration and environmental change in the Mediter-
ranean states. In European Integration and Environmental Policy, Liefferink JD, Lowe PD, Mol APJ (eds). Belhaven: London;
217-230.

Mastromatteo E, Sullivan F. 1994. International symposium on the health effects of boron and its compounds. Environmental
Health Perspectives Supplement 102: 139—141.

Neal C, Fox KK, Harrow M, Neal M. 1998. Boron in the major UK rivers entering the North Sea. Science of the Total Environ-
ment 210 /211: 41—-5I.

Neal C, Robson AJ. 2000. A summary of river water quality data collected within the Land Ocean Interaction Study: core data
for Eastern UK rivers draining to the North Sea. Science of the Total Environment 251/252: 587—-668.

O’Riordan T, Cameron ] (eds). 1994. Interpreting the Precautionary Principle. Earthscan: London.

Page B, Kaika M. 2003. The EU water framework directive: part 2. Policy innovation and the shifting choreography of gover-
nance. European Environment 13: 328-343.

Pennisi M, Bianchini G, Muti A, Kloppmann W. 2004. Sediment control of chemical and isotopic characteristics (B, Sr) of
groundwater in the Cornia alluvial aquifer (Tuscany, Italy). 32nd International Geological Congress, IGC32, Florence, Italy,
20-28 April 2004.

Raymond K, Butterwick L. 1992. Perborate. In Detergents, de Oude NT (ed.). Springer: New York; 288—318.

Richardson J. 1994. EU water policy: uncertain agendas, shifting networks and complex coalitions. Environmental Politics 3(4):
139-167.

Rinaldi MF, Salvati M. 2002. Sustainable natural resource management through multi-regional cooperation. International
Journal of Environment and Pollution 18(3): 223—242.

Roberts M. 1995. EU cites health effects in proposed boron cut. Chemical Week, 8 February: 15.

Sanchez-Martos F, Pulido-Bosch A. 1999. Boron and the origin of salinization in an aquifer in Southeast Spain. Surface
Geoscience 328: 751-757.

Copyright © 2005 John Wiley & Sons, Ltd and ERP Environment Eur. Env. 15, 1-12 (2005)



12 E. Weinthal et al.

Sayli BS, Tiiccar E, Ellan AH. 1998. An assessment of fertility in boron exposed Turkish subpopulations. Reproductive
Toxicology 12(3): 297—304.

Sayli BS, Tiiccar E, Ellan AH. 2001. An assessment of fertility and infertility in boron exposed Turkish subpopulations:
Evaluation of fertility among sibs and in ‘borate families’. Biological Trace Element Research 81: 255-267.

Socratous G. 2000. Water policy issues in Cyprus. Symposium on Water Resources Management, Efficiency, Equity and Policy,
Nicosia, Cyprus, 2000. Water Development Department, Ministry of Agriculture Natural Resources and Environment:
Nicosia.

Vengosh A, Barth S, Heumann KG, Eisenhut S. 1999. Boron isotopic composition of fresh water lakes from Central Europe
and possible contamination sources. Acta Hydrochimica et Hydrobiologica 27: 416—421.

Vengosh A, Helvaci C, Karamanderesi IH. 2002a. Geochemical constraints for the origin of thermal waters from western
Turkey. Applied Geochemistry 17: 163-183.

Vengosh A, Heumann KG, Juraske S, Kasher R. 1994. Boron isotope application for tracing sources of contamination in ground-
water. Environmental Science and Technology 28: 1968-1974.

Vengosh A, Kloppmann W, Pennisi M, Marei A, Dotsika E, Charalambides A. 2004. Tracing the origin of boron contamina-
tion in water resources in the Mediterranean region. International Geological Conference, Florence, 2004.

Vengosh A, Marei A, Guerrot C, Pankratov I. 2002b. An enigmatic salinity source in the Mediterranean coastal aquifer and
Gaza Strip: utilization of isotopic (B, Sr, O) constraints for searching the sources of groundwater contamination. Gold-
schmidt Conference, Davos, Switzerland, August 18—23. Geochimica Cosmochimica Acta 66: A804.

Waggott A. 1969. An investigation of the potential problem of increasing boron concentrations in rivers and water courses.
Water Research 3: 749-765.

Ward N, Lowe P, Buller H. 1997. Implementing European water quality directives: lessons for sustainable development. In
The Politics of Sustainable Development, Baker S, Kousis M, Richardson D, Young S (eds). Routledge: London; 198-216.

Water Services, the Tuscan Model. 2003. Integrated Water Service Management Combining Public Authority and Industrial
Reorganization, special Kyoto [in [talian].

Weale A, Pridham G, Cini M, Konstadakopulous D, Porter M, Flynn B. 2000. Environmental Governance in Europe: an Ever
Closer Ecological Union? Oxford University Press: Oxford.

Wegman DH, Eisen EA, Hu X, Woskie SR, Smith RS, Garabrandt D. 1994. Acute and chronic respiratory effects of sodium
borate particulate exposures. Environmental Health Perspectives 102: 119—128.

Weiss EB, Jacobson HK (eds). 1998. Engaging Countries: Strengthening Compliance with International Environmental Accords. MIT
Press: Cambridge, MA.

World Health Organization (WHO). 1998. Boron, Environmental Health Criteria Monograph 204. WHO, IPCS: Geneva.

Wyness AJ, Parkman RH, Neal C. 2003. A summary of boron surface water quality data throughout the European Union.
Science of the Total Environment 314—316: 255-269.

Biographies

Erika Weinthal is Senior Lecturer in the Department of Political Science at Tel Aviv University, Israel.
She is author of State Making and Environmental Cooperation: Linking Domestic Politics and International
Politics in Central Asia (Cambridge, Mass.: MIT Press, 2002).

Yael Parag is a Ph.D. student in the Labor Studies Department at Tel Aviv University, Israel. She is
completing a dissertation on environmental policy-making in Israel.

Avner Vengosh is Senior Lecturer in the Department of Geological and Environmental Sciences at
Ben Gurion University, Israel. He specializes in geochemistry and isotope techniques for evaluating the
origin of groundwater salinization.

Antonio Muti is a geologist at ASA Spa water company. His work focuses on monitoring and mod-
elling of the alluvial aquifer of Cornia River in Tuscany, Italy.

Wolfram Kloppmann is a researcher and project coordinator at BRGM. He specializes in geochem-
istry and isotope techniques applied to the pollution of groundwater resources. He coordinated the 5th
FP project BOREMED (EVKi1-CT-2000-000406, 2001-2004) that aimed to elucidate the sources, path-
ways and health impact of boron contamination of Mediterranean water resources and to develop boron
specific treatment technology and management strategies.

Copyright © 2005 John Wiley & Sons, Ltd and ERP Environment Eur. Env. 15, 1-12 (2005)



