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1 Executive Summary

Mercury-contaminated sites potentially represent an important source of mercury emis-
sion into the atmosphere due to evaporation of mercury from contaminated land and
waters. They constitute an important source for transboundary movement of mercury
through hydrological cycles, particularly in large river catchment areas scale and con-
taminated coastal regions. Contaminated sites in ecosystem-sensitive areas may rep-
resent a considerable health and ecosystem risk due to direct and indirect exposure to

mercury and its compounds.

The Governing Council (GC) of the United Nation Environmental Project in its 24™ ses-
sion calls for commitments to increase efforts to reduce global releases and risks, in-
creased data collection and analysis as well as strengthening intergovernmental and
UNEP partnerships. The GC established an ad-hoc working group to explore viability of
voluntary measures and international legal instruments. In decision 24/3 IV the GC
identified remediation of contaminated sites as one priority area for increased global ef-
forts. The GC commits to address the remediation of existing contaminated sites affect-
ing public and environmental health as well as to increase knowledge on areas such as

inventories.

In response to the GC decisions the German Federal Ministry for the Environment to-
gether with German and Chinese partners agreed to organize a workshop on remedia-
tion of mercury-contaminated sites in China. Its objective was the exchange of knowl-
edge on characterisation and identification of mercury-contaminated sites, remediation
technologies and strategies as well as the development of inventories with respect to

mercury.

The topics addressed were:
— Legal Background in Germany, Europe and China
— Register of Contaminated Sites
— Characterisation of Mercury-Contaminated Sites
— Risk Assessment and Risk Management of Harmful Substances
— Remediation Techniques and Strategies

— Remediation of Chemical Production Facilities




Legal Background in Germany and European Perspective

The awareness of contaminated sites being a major environmental problem came up in
Germany around 1980 together with some severe cases of soil and groundwater pollu-
tion. The regions (Laender) began to register the sites where contamination was sus-
pected: industrial sites, waste disposal sites and military sites. Today, about 290,000
sites are registered as suspected to be contaminated. It is estimated that 10 to 20 % of
them will need to be remediated. About 500 million euros are spent every year for the

clean-up of contaminated soils and groundwater in Germany.

In 1999, the Federal Government put the Federal Soil Protection Act (BBodSchG) and
the Federal Soil Protection and Contaminated Sites Ordinance (BBodSchV) into force,
which established nationally standardised regulations for the registration and remedia-
tion of contaminated sites. The purpose of the Soil Act is to protect or restore the func-
tions of the soil on a permanent and sustainable basis. Actions entail the prevention of
soil changes which are harmful to the soil, the rehabilitation of the soil and water re-
sources at contaminated sites and precautions against negative soil impacts, such as
the disruption of its natural functions and its function as an archive of natural and cul-

tural history.

Since 1999, the individual States have been responsible for the enforcement of Act and
Ordinance. Now, the Federal Environment Ministry is preparing an update of the Fed-
eral Soil Protection and Contaminated Sites Ordinance. It is to take the experience
gained over several years with the implementation of the BBodSchV adequately into
account and adapt its technical and methodological requirements to the advanced state
of knowledge. In particular, it is necessary to incorporate methodological develop-
ments, which have noticeably accelerated with the introduction of soil protection legis-
lation, and the results of a broad range of soil-related research into an updated Soil
Protection Ordinance and implementation practice.

In 2006, the European Commission issued a Soil Thematic Strategy and a proposal for
a Soil Framework Directive with the objective to protect soils across the European Un-
ion. The Strategy is intended to intensify research on soil and to raise public aware-
ness. The Framework Directive sets out common principles, objectives and actions. It
requires the 27 Member States to adopt a systematic approach to identify and combat
soil degradation, to tackle precautionary measures and to integrate soil protection into
other policies. They must set risk reduction targets for those areas and establish pro-

grammes of measures to achieve them. They will also have to prevent further contami-




nation, to establish an inventory of contaminated sites on their territory and draw up na-

tional remediation strategies.

Register of Contaminated Sites

A successful treatment of contaminated sites requires a systematic and gradual proce-
dure - such as it has proved its worth in Germany for many years. The first step of
treatment is the registration of contaminated sites. Registration contains investigation in
the sense of collecting information, various steps of assessment and documentation in
maps and text. The main target is the complete registration of all abandoned landfills
and industrial sites within an area municipality. Normally already existing, but wide-
spread information is collected and systematically analysed. The methods of area-wide
registrations are mainly based upon historical sources like documents, plans, aerial
photographs and maps. The procedure of area-wide registrations is fairly complex and
requires considerable skill. It is important to divide the steps of investigating industrial

sites from those which refer to abandoned landfills.

In order to investigate abandoned industrial sites, historical address books, trade indi-
ces and license documents as well as historical maps are normally important sources.
After the investigation of data, the registered industrial sites must be entered in an up-
to-date topographical map of large scale. The most important sources for detecting
landfills (and also contaminated sites caused by military action) are historical aerial
photos (analysis of time-lapse aerial photos). In order to get all relevant information,
aerial photos should be analysed stereoscopically. All information will be stored in a da-

tabase.

Geographical information systems (GIS) combine spatial data with subject data. This
means that e.g. the information ,storage building”“ contained in the data bank of the
Geographical Information System is represented as an area (polygon) exactly as re-
gards its position and contours. That means that the storage building — equally as all
other (partial) uses recorded — is represented in the GIS with its contours on the back-
ground of a(n) (up-to-date) topographical basic map (or aerial photo) and may be thus
exactly localised on the terrain. This graphical information together with the entries into
the data bank provide an important basis for planning and carrying out further meas-
ures as they may be concentrated on areas showing a high contamination risk owing to

their current and/or historical use.




Characterisation of Mercury-Contaminated Sites

Mercury contamination of local, regional, and global environments has become an in-
creasingly studied subject in recent years. Areas where Hg pollution has been most
acute include abandoned Hg mines, gold mining areas where Hg was used in the
amalgamation process, and industrial sites where Hg has been released as a bypro-
duct of chemical processes. Different from many other heavy metals, mercury under-
goes several processes of species transformation, which determine its toxicological po-
tential in natural environments. In all cases, knowledge of the molecular-level specia-
tion of Hg is essential for understanding its potential bioavailability and impact on the
environment. Among these transformation processes, the formation of volatile Hg(0)
through reduction of Hg**-compounds and binding of Hg to natural organic matter are
the most important processes determining the mobility in the environment. Especially in
aqueous systems, the formation of Hg organic complexes such as methylmercury is a
key process for the enrichment of Hg in fish and finally in the human food chain. Me-
thods for determining Hg speciation have increased in both number and sophistication
over time, ranging from visual identification of Hg phases in ore-grade samples to se-
gquential chemical extractions (SCE), sequential thermal desorption, electron micro-
probe analysis, and in-situ X-ray absorption spectroscopic analysis. Over the past 15
years, thermal desorption methods have been shown to be a strong tool to determine
solid-phase inorganic Hg compounds in contaminated soils and sediments. In combina-
tion with aqueous leaching and chemical methods to determine dissolved Hg species,
both methods allow far-reaching risk assessment of contaminated areas.

Guizhou province is recognized as a heavily Hg-polluted area in China due to both the
special geochemical background and human activities. Two key anthropogenic Hg
emission sources in Guizhou were coal combustion and metals smelting, which domi-
nantly contributed to the high levels of Hg in local ecosystems and high fluxes of Hg
deposition. The annual Hg emission from anthropogenic sources ranged between 22.6
and 55.5 t, which was about 6.3-10.3% of current total Hg emissions in China.

Meanwhile, Hg-enriched soil in the province serves an important natural Hg emission
source to the ambient air. The local environment of Hg mining and zinc smelting areas
are seriously contaminated with Hg. It is demonstrated that rice growing in Hg-
contaminated soil can accumulate methylmercury (MeHg) to a level to pose a health

threat to local inhabitants whose staple food is rice.




Local inhabitants in Hg mining areas are exposed to Hg through inhalation of Hg vapor
and consumption of rice with a high level of MeHg. Rice intake is indeed the main
MeHg exposure pathway to local inhabitants in Hg mining areas in Guizhou, which is
contrary to the general point of view that fish and fish products are the main pathways

of MeHg exposure to humans.

Risk Assessment and Risk Management of Harmful Substances

The German soil protection ordinance encloses trigger-values for the soil-to-human,
soil-to-groundwater and soil-to-edible-plant exposure pathways to identify “harmful
changes to the soil functions”. Trigger values are used for risk-assessment in the ex-
ploratory investigation phase to diagnose the need for further investigations. Because
of the hazard-based nature of these values — especially for the soil-to-human pathway
— they can release remediation measures in certain cases. The derivation of these val-
ues is well documented and the exposure conventions are as realistic as possible con-

cerning the ‘realistically worst case’.

The starting point in the derivation of trigger values for the soil-to-human pathway is the
tolerable resorbed doses (TRD) achieved from experimental or epidemiological data.
Due to different toxicities, inorganic (especially HgCl,) and organic (especially MeHq)
mercury species are discriminated. By calculating a TRD-value, safety factors are re-
quired to get a safe distance to the lowest observed adverse effect concentration
(LOAEL) and the no-effect level (NOAEL), respectively.

To get a trigger value, information about the background exposure by food, drinking
water and air is necessary. The background exposure in Germany by oral ingestion
was assessed to be 30-300 ng/kg*d. As a result of special research, the convention of
a contingent of 80 % of the TRD by the (food) background was chosen in the case of

mercury.

Conventions about the exposure of humans, especially children, to contaminated soil
are the second stand for calculation of trigger values (e.g. a soil incorporation rate of 33
mg soil/ kg*d for children). From these data, a primary trigger value for (organic, oral)
mercury was calculated with 4.7 mg/kg. From all calculation approaches, this was the
most sensitive one. Keeping in mind the ratio of inorganic and organic mercury in the
‘worst case’, the trigger value was fixed with 10 mg/kg for playgrounds. Trigger values

for all usages are to be discussed in Germany.




Remediation Techniques

In the past, cleanup was very often based on civil engineering approaches aiming at
maximum risk control (excavation/containment) or risk elimination. Groundwater reme-
diation has focused on the removal of contaminated water form the subsurface and

treating it at the surface (P&T).

From a technical point of view these approaches are still the fastest way to solve the
problem. If there is an urgent need to reuse the sites or to solve a problem this is an
advantage. The high costs associated with these methods are a big disadvantage and
were prohibitive in many projects. As a consequence, concepts which focus on the
control of the groundwater plume or the containment of the source rather than the
elimination of the source have received increasing attention during recent years. A lot
of active and passive in-situ technologies have been developed that address the con-
tamination of soil and groundwater and avoid the (effects and cost of) excavation and
the above-ground environmental impacts but require more time. They have less pre-

dictable results and may require long-term monitoring and aftercare.

The remediation strategy developed for a particular site may combine both approaches
and several different methods. Different mobility of the components of a mixture of con-

taminants will require different methods, strategies and priorities of remediation.

Integrated strategies consisting e.g. of P&T (pump-and-treat) for hydraulic control and
dissolved plume mass removal combined with source-targeted technologies have been
determined to be a most effective long-term solution in many cases and may lead to
cost-effective remediation measures specifically suitable to large industrial areas,

where the source zones are often poorly defined or hardly accessible.

Selection and integration of technologies should use the most effective contaminant
transport mechanisms to arrive at the most effective treatment scheme. To assess the
applicability and potential performance of technologies, information is required on the
contaminants present and the physical, chemical, and biological properties of the mate-

rial to be treated.

Treatment technologies capable of contaminant destruction by altering their chemical
structure are thermal, biological, and chemical treatment methods. Treatment tech-

nologies used for extraction and separation of contaminants from environmental media




include soil treatment by thermal desorption, soil washing, solvent extraction, and soill
vapour extraction (SVE) and water treatment technologies. Treatment technologies that
immobilise the contamination include stabilisation, solidification, and containment tech-
nologies, such as placement in a secure landfill or construction of treatment walls. No
immobilisation technology is permanently effective, so some type of maintenance is

desired.

Some technologies can be applied ex-situ (after contaminated soil or groundwater has
been removed for the treatment) or in-situ (without removing the contaminated media).
Ex-situ treatment may be performed on-site using mobile or transportable treatment

systems or off-site fixed treatment facilities.

The processes are frequently combined in treatment trains. A treatment train is a se-
guential combination of technologies or unit processes which treat recalcitrant matrices
more effectively than any single technology could. E.g. soil washing becomes the prel-

ude to chemical or biological treatment.

Remediation of Contaminated Sites — Strategies

In Germany and other European Countries, a large number of regions exist where in-
dustrial, military and mining activities during the past century have led to vast contami-

nation in soil, groundwater and surface waters.

Large-scale contaminated sites may severely affect human health, the environment
and the economy. Currently some 20,000 of these so-called megasites exist in Europe
(including CEE States) with estimated costs for revitalisation measures that exceed the
amount of 100 billion euros. The figures clearly demonstrate that revitalisation of
megasites demands innovative site investigation and remediation strategies to make it

economically feasible.

To streamline site investigations and clean-up decisions, a dynamic framework is
needed that allows site managers to achieve defined project objectives. According to
the TRIAD approach (approach to decision-making for hazardous waste site), which is
being recommended by the U.S Environmental Protection Agency, elements such as
systematic planning, dynamic work plan, on-site analytical tools need to be integrated
in such an approach (EPA, 2005).




In preparation of effective site investigation measures, a series of factors need to be
considered. These include technology selection, identification of potential exposure
pathways, hot-spot detection, assessment of risks for human health and the environ-
ment, design of a conceptual site model (CSM), calculation of clean-up levels, as well
as estimation and evaluation of costs for site improvement, operation, and mainte-
nance. Some of the factors are of particular relevance in developing an appropriate
remediation strategy for large-scale contaminated sites, among them the CSM and the

delineation of contaminant sources in the subsurface.

The CSM is one of the primary planning tools that can be used to support the decision-
making process managing contaminated land and groundwater on a large scale. The
CSM organises available information about a site in a clear and transparent structure
and facilitates the identification of data and information gaps. Once the CSM is estab-
lished, additionally needed data can be gathered and integrated in the CSM, followed
by a revision of the CSM and a refinement of decision goals, if required. Thus, the CSM
matures and allows an improved understanding of the site characteristics, such as con-

tamination status, receptor profiles, etc., and the re-adjustment of decision criteria.

The detection of hot spots is essential for the design of source removal measures. Par-
ticularly on contaminated sites of large extent, the hot spot search would cause enor-
mous costs if it were performed on the basis of soil and/or groundwater samples taken
from a regular grid mesh. A more cost-effective approach is the application of geosta-
tistical methods which allow hot-spot identification under definite boundary conditions
(probability of hitting or missing hot-spots, maximum size of hot-spots that would be hit,

a grid of samples based on finding a hot-spot of a defined size with a distinct probabil-
ity).

Remediation of the chemical production facility of Marktredwitz

For more than 200 years, products containing inorganic and organic mercury were
processed in the chemical production facility in Marktredwitz (Chemische Fabrik Mark-
tredwitz — CFM), the oldest chemical manufacturing facility in Germany. The plant

caused serious environmental pollution before it was closed down in 1985.

On the premises of the chemical production facility, the concrete and the brick-
structures of the buildings as well as the subsurface soil and soil- and groundwater

were severely contaminated with mercury (up to 5000 mg/kg in subsurface soil and up




to 200 mg/l in soil water). For the protection of the nearby river (Kosseine), a vertical
groundwater barrier was installed; for the decontamination of the site, technical facili-
ties and buildings were demolished. Soil excavation of material containing more than
10 mg mercury per kg and a groundwater pump-and-treat system were employed until
1996.

About 55,000 metric tons of contaminated debris and soil were treated in an off-site soil
treatment facility and cleaned up to concentrations of mercury below 50 mg/kg by soil
washing and vacuum distillation. The treated soil was deposited in a mono-landfill.
35,000 metric tons of excavated soil were landfilled directly. Another 5,000 metric tons
containing chemical wastes and treatment residuals from the manufacturing process

were deposited in a subsurface landfill.

Soil sampling and analysis were done in the nearby city centre in order to characterise
the contamination in this area. Mercury content up to 180 mg/kg soil was determined.
Furthermore, water, sediment, air, dust and food samples were analysed for mercury.
Based on specific exposure scenarios, the epidemiological threat for residents living in

the municipal area was estimated.

Consequentially, in gardens with more than 33 mg mercury per kg soil (limit value from
risk assessment for housing areas with gardens), soil excavation and backfilling with
clean soil was done. Human bio-monitoring (sampling of blood and urine) was per-

formed as well.

Mercury-contaminated effluents were discharged into the rivers Kdsseine and Rdslau
without any pre-treatment for more than 200 years. Analyses of water and sediment
showed that for more than 15 km downstream of the CFM, river bed sediments were
contaminated with up to 700 mg mercury per kg and flood plains contained up to 170
mg mercury per kg agriculturally used soil. Highest concentrations in river sediments
were measured in backwaters from weirs; from these zones, about 16,000 metric tons
of river sediments were removed. Forage (grass) from the flood plains was regularly
analysed and reassessed for mercury content. A bio-monitoring programme has been
installed in order to monitor the effects of the site remediation on the aquatic ecosys-

tem. A long-term risk assessment for the groundwater predicted no adverse effects.




2 Introduction

Mercury-contaminated sites pose a serious risk to human health and the environment.
The state of knowledge about the threat of mercury for human health and the environ-
ment is assessed and known. These findings are included in UNEP GC decision 22/4.
Specific knowledge concerning sites contaminated with mercury is lacking, just as the
extent to which sites contaminated with mercury are adding to global, regional or local
negative effects on the environment. Especially, site-specific (i.e. soil-specific) and con-
tamination-specific properties influence the extent of the risk for human health or the

environment.

Mercury-contaminated sites potentially represent an important source of mercury emis-
sion into the atmosphere due to the evaporation of mercury from contaminated land
and waters. They constitute an important source for transboundary movement of mer-
cury through hydrological cycles, particularly in the large river catchment areas and
contaminated coastal regions. Contaminated sites in ecosystem-sensitive areas may
represent a considerable health and ecosystem risk due to direct and indirect exposure

to mercury and its compounds.

The Governing Council (GC) of the United Nation Environmental Programme called in
its 23th session for the reduction of risks posed by mercury. Improved information on
mercury, also through collaborative efforts to inventory global mercury uses and re-

leases, should be provided.

The Governing Council in its 24™ session called for a commitment to increase efforts to
reduce global releases and risks, increased data collection and analysis as well as
strengthening intergovernmental and UNEP partnerships. The GC established an ad-
hoc working group to explore the viability of voluntary measures and international legal
instruments. In decision 24/3 IV the GC identified the remediation of contaminated sites
as one priority area for increased global efforts. The GC commits to address the reme-
diation of existing contaminated sites affecting public and environmental health as well
as to increase knowledge on areas such as inventories. The GC requests to analyse
information on the extent of site-based contamination as well as associated environ-
mental and public health risks. Environmentally sound mitigation options and associ-
ated costs should be provided and the extent of the contribution of contaminated sites
to global releases should be assessed. The established Open Ended Working Group

(OEWG) composed of governments, regional economic integration organisations and




stakeholder representatives are to review and assess options for enhanced voluntary

measures and new or existing international legal instruments. At the first meeting of the

OEWG in Bangkok in November 2007, remediation of contaminated sites was one pri-

ority area to prevent mercury contamination from spreading. Therefore the following

topics among others were addressed:

Prevention of mercury contamination from spreading

Development of guidelines for the identification and surveying of sites possibly

contaminated with mercury
Provision of information on contaminated sites
Performance of risk assessments for setting priorities for action

Quarantine of sources of contamination and contaminated areas to prevent

further contamination

Installation of barriers, covers, collection basins or other technologies to mini-

mise the spreading of mercury contamination in affected media

Remediation of contaminated sites

Development of guidelines for the identification of sites contaminated with

mercury.

Adoption and enforcement of legislation requiring environmental remediation

of mercury contamination

Development and enforcement of mechanisms for monitoring contaminated

sites

Establishment of proper management of water and land resources to prevent

enhanced transport and bioavailability of mercury

Development of guidelines for choosing BAT or BEP remediation technologies
based on site-specific criteria

Development of a cost-effective technology for remediation

Increase knowledge of inventories

Creation of a mercury register and keeping of national inventories of all mer-

cury stockpiles and production sources

Improvement of emission inventories




In response to the GC decisions, the German Federal Ministry for the Environment to-
gether with German and Chinese partners agreed to organise a workshop on the
remediation of mercury-contaminated sites in China. Its objective was to exchange
knowledge on the characterisation and identification of mercury-contaminated sites,
remediation technologies and strategies as well as the development of inventories with

respect to mercury.

The topics addressed were:

1. Legal framework
- Federal Soil Protection Act of Germany / Comparison with China

- Soil Framework Directive of the European Commission

2. Methodology of developing inventories of contaminated sites
- identification of contaminated sites
- determination of concentrations/loads of mercury in these areas
- determination of the actual risk to environmental and human health

- development of priority lists: cost/benefit considerations

3. Remediation of contaminated sites
- methods for the characterisation of identified sites
- analytical methods for fast and reliable determination of mercury
- remediation technologies

- remediation strategies

4. Case studies (with on-site visits)
- cleaning-up of contaminated industrial and mining areas in Germany / Europe
- examples of identified sites in China (e.g. industrial facilities, mining areas)

The workshop was divided into 5 sessions, which reflected the topics addressed. In the

following figure the structure of the workshop is depicted.




Legislation framework
- Federal Soil Protection Act
- EC Framework Directive

Session 1

Methodology of
developing inventories of Inventory
contaminated sites -location & dimension

- current status of the site
- plantcharacter, land use

__________________________________________________________________________________________

. Analysis
Session 2 -techniques
! .. - speciation of Hg in soils
| Charac'Ferlsatlop of > risk assessment i
i | contaminated sites ; !
Risk assessment |
-transport & availability
: -trigger-values
. | Session 3 UEBIIGTS _ i
i -remediation techniques !
Remediation of - ex-situ / in-situ / barriers
: ) ) - treatment train :
i | contaminated sites — ;
i | Strategies & Technologies Stiategies i
: - laboratory scale & hot spots :
-large scale areas
: - cost efficiency technologies :
Session 4 Remediated sites - Germany
- Buna-Bitterfeld
: Case studies - CFM Marktredwitz E
Remediated sites — China
: - case study of a mercury
contaminated hot spot
Session 5 Site 1: contaminated site
) ) near Guiyang
t | Field trips to ;

contaminated sites Site 2: contaminated site

near Guiyang

Figure 1 Workshop structure




Workshop Presentations




Management of contaminated sites in Germany and Europe -
Legislation, Experiences, Tendencies

Jorg Frauenstein, Federal Environment Agency, Worlitzer Platz , D-06844 Dessau-

Rollau, Germany

Andreas Bieber, Federal Ministry for the Environment, Nature Conservation and

Nuclear Safety, Robert-Schuman-Platz 3, D-53175 Bonn, Germany
Introduction

In 2007, more than 270.000 sites suspected to be contaminated were registered in
Germany. To handle this huge number of sites, a stepwise risk assessment procedure
was developed to filter out the sites where there is urgent call for action because of
their risks for humans and the environment. In the past 20 years, considerable efforts
have been made to clean up and redevelop contaminated sites. Public funding to re-
search as well as to industry has contributed significantly to the development of soil
treatment technologies at a high standard. The technologies used are best demon-
strated for the treatment of typical industry-originated substances. Current research
and development efforts are rather concentrated on the setting up of cost-efficient
clean-up techniques and strategies.

At first, the main remediation strategy had been focused on soil decontamination, but
nowadays the approaches move to a broader concept. Land remediation not only in-
volves clean-up of soil and groundwater but encompasses the whole process of land
development for its reuse, i.e. the entire process which makes the site fit for the pur-
pose of future uses. The remediation process will become more complex and interdis-
ciplinary in which the actual clean-up procedure must contribute by effective technolo-
gies at reasonable prices. Regarding a request to the Federal States “Lander” Germa-
ny spend each year about 500 Million € public money for investigation and remediation

for ownerless sites (coming from “Lander”- budgets) besides the expenditures from re-




sponsible polluters, remediation and topic related research programmes. The given sta-
tistical information in table 1 are always showing a recent status, which will be updated
at least once a year by a joint “Lander” working group. Especial regarding the numbers
for finalised risk assessment and remediation a cumulative dimension is shown. So
these numbers representing a summation of investigation and measures done so far
and depending from the implementation of registers on the “Lander’-level covering
former waste disposal and industrial sites only.

German Policy for the management and remediation of contaminated land

Background and Legal framework

The purpose of the Soil Act is to protect or restore the functions of the soil on a perma-
nent and sustainable basis. Actions entail the prevention of soil changes which are
harmful to the soil; the rehabilitation of the soil and water resources at contaminated
sites; and precautions against negative soil impacts, such as the disruption of its natu-

ral functions and its function as an archive of natural and cultural history.

Based on the subsidiary rule, the Soil Act has also effects where sectoral legislation

does not cover impacts on soil. Relevant sectoral legislation includes:

Certain provisions of the Closed Substance Cycle and Waste Management Act;
— Transport of hazardous materials;

— Fertilizer and plant-protection law;

— Genetic Engineering Act (Gentechnikgesetz);

— Federal Forest Act and the Lander forest law;

— Land Consolidation Act (Flurbereinigungsgesetz);

— Construction; modification; maintenance and operation of transport routes and

provisions governing traffic and transport;
— Construction-planning law and building regulations;
— Federal Mining Act (Bundesberggesetz);

— Federal Pollution Control Act.




The Soil Act does not apply to installations, activities, devices or equipment, nuclear
fuels and other radioactive substances and to investigations for the recovery, transport,

storage, treatment and destruction of warfare agents.

According to the Federal Soil Protection Act, harmful impacts on soil functions are de-
fined as hazards implicating considerable disadvantages or nuisances for individuals or

the general public.

The management of contaminated land and groundwater was a one of the key pres-
sures for a federal law. In 1999, the Federal Government of Germany put the Federal
Soil Protection Act (BBodschG) and the Federal Soil Protection and Contaminated
Sites Ordinance (BBodSchV) into force, which established nationally standardised reg-
ulations for the registration and remediation of contaminated sites. Since then, the indi-
vidual States have been responsible for the enforcement of Act and Ordinance.

One important focus of the act is to prevent soil contamination and to regulate the
clean-up of abandoned contaminated sites. The Federal Soil Protection and Contami-
nated Sites Ordinance supplements the Act and specifies requirements in respect of
site investigation, sampling strategy and laboratory approach, evaluation and remedia-
tion. The laboratory approach and the methods for soil analysis are furthermore deter-

mined according to German Industry Standards (DIN) and European Standards (CEN).

This legislation has established a national assessment framework for the evaluation of
soil quality in relation to the “Soil-Man”, “Soil-Plant” and “Soil-Groundwater” paths of ac-

tion.

Planned amendments in legal framework

The purpose of the amending ordinance is to update the Federal Soil Protection and
Contaminated Sites Ordinance which entered into force in July 1999. It is to take the
experience gained over several years with the implementation of the BBodSchV ade-
quately into account and adapt its technical and methodological requirements to the
advanced state of knowledge. In particular, it is necessary to incorporate methodologi-
cal developments, which have noticeably accelerated with the introduction of soil pro-
tection legislation, and the results of a broad range of soil-related research into an up-
dated Soil Protection Ordinance and implementation practice. Planned amendments in

detail:




Table 1: Inventory - Germany (last update September 2007 provided by the joint

“Lander” working group)




Scope of application and definitions

Based on ordinance authorisations in soil protection and waste legislation, require-
ments for the utilisation of soil and other materials will be defined in an Ordinance on
the utilisation of mineral waste. Within the same process, the application and introduc-
tion of materials onto or into soil will be regulated in an extension of Article 12
BBodSchV.

Investigation of suspect sites and sites suspected of being contaminated

The requirements on investigation/analysis methods will be updated. This requires a
fundamental revision of Annex 1 to the BBodSchV. As regards investigation methods,
the revision aims to take advances in knowledge and developments into account and,
secondly, provide the possibility to replace, at least partially, the static reference to me-
thods by a dynamic one, which would obviate the need for a formal amendment of the

ordinance in future.

In addition, revisions are necessary for the areas of sampling, soil gas measurement
and leachate forecast. In this revision, the requirements for sampling and soil gas mea-
surement must be defined more clearly and amended to reflect advances in know-
ledge. The provisions on leachate forecasting have to be revised in a practicable way
on the basis of the results of research carried out under the eponymous funding priority
of the Federal Ministry of Education and Research.

Measurement uncertainty is a prime factor when evaluating the results of relevant in-
vestigations. Information on this will be formulated and use instructions will be included
in the Annexes to the Ordinance to enable a more reliable interpretation of measure-

ment results.

Assessment of suspect sites and sites suspected of being contaminated

The trigger and action values in Annex 2 to BBodSchV will be reviewed in terms of their
timeliness, particularly with respect to their human toxicological basis. Values for addi-
tional substances will be added on a moderate scale.




In so doing, the following aspects in particular will be taken into account:

toxicological relevance,

frequency of occurrence at contaminated sites and in cases of known soil con-

tamination,

a sound data base for derivation of values,

availability of a suitable method of detection.

Furthermore, the requirements for the soil-plant pathway will be supplemented by val-
ues for additional organic pollutants, a group of substances which so far has been giv-

en too little consideration.

For the soil-human being pathway, trigger values for antimony, cobalt and thallium and

for select explosive-typical compounds will be added.

For the soil-groundwater pathway, a harmonisation of trigger values with the marginal
thresholds of the Joint Water Commission of the Federal States (LAnderarbeitsgemein-
schaft Wasser, LAWA) was considered for a select spectrum of substances. Points un-
der discussion are the adoption of marginal thresholds as trigger values for the boun-
dary area between the water-unsaturated and water-saturated zones, the introduction
of additional trigger values for evaluating the leachability of pollutant source material,
and the integration of transport processes into the assessment on a case-by-case ba-

Sis.

Remediation, protective and restrictive measures

The issue is whether and how natural attenuation processes should be taken into ac-
count in the regular procedure for dealing with contaminated sites. Since major re-
search programmes on this subject have currently not yet been completed, it will not be
regulated comprehensively in the BBodSchV; instead, the Ordinance will include provi-
sions that open up the possibility to take natural attenuation processes into considera-

tion.




Accidents

A procedure different from the regular procedure will be incorporated into the Ordin-
ance as “exemption” in the case of accidents, i.e. in the warding off of apparent harmful

soil changes or immediate danger.

Precautions

Compliance with precautionary requirements in respect of substance inputs to soil is
evaluated on the basis of precautionary values. The inclusion of the soil-soil organisms
pathway into the derivation of precautionary values has proved promising and re-
sponds to the concern of precautionary soil protection. Here, it has been recommended
that additional precautionary values should be included and that the soil-soil organisms

pathway should be taken into account in their derivation.

Large-scale federal remediation projects

After Germany’s reunification the properties and thus the financial responsibility for

contaminated sites of the former GDR were handed over to the Federal Government.

The often massive contamination on those properties represented a substantial risk for
private investors so that there was an urgent need to eliminate such obstacles. In order
to encourage investments at contaminated sites, in 1992 the Federal Government and
the New States drew up an Administrative Agreement on the financing of contaminated
site remediation. Under this Agreement, the Federal Government and the States estab-
lished 22 large-scale projects whereby the financing of the remediation is shared by the
Federal Government (75%) and the New States (25%). The total costs were more than
3 billion Euros.

The large-scale projects comprise industrial complexes, e.g. the huge chemical indus-
try at Leuna, Buna and Bitterfeld-Wolfen, former mining areas, refineries, steelworks

and dockyards.

The particularly hazardous situations at the project sites result from interacting factors:

— serious and widespread contamination from abandoned industrial sites and
from unsecured or insufficiently secured disposal sites with partly unknown pol-

lutant mixtures




— regionally significant changes in the groundwater systems due to modified wa-
ter management in former mining areas

— disposals of hazardous substances and radioactively contaminated material

from adjacent mining areas.

The aims of the remediation measures in these

large scale projects are:

immediate measures for averting dangers

— remediation and reclamation of landscapes
degraded by industrial use or mining

— groundwater protection to guarantee drink-

ing water abstraction

— maintenance of industrial sites including

their infrastructure.

Remediation and redevelopment of former mining areas

Germany has a mining tradition that dates back hundreds of years. While potash and
rock salt resources together with hard coal and lignite are still extracted, mining of cop-
per, uranium and other metals has stopped. The remediation of former lignite mining

areas was and is still one of the main environmental rehabilitation tasks in Germany.

Main tasks in the remediation of mining sites averting dangers arising from former min-
ing activities, e.g. stabilising slopes, reclamation of mining sites, restoring a balanced
water regime, eliminating hazards emanating from groundwater and soil contamination

by earlier industrial use.

Lignite mining rehabilitation goes beyond the scope of the Federal Soil Protection Act.
Most of the former mining sites and suspected contaminated sites are subject to the
Federal Mining Act, which came into force in the New States in 1990. Article 55 of the

Federal Mining Act requires mine-owners to rehabilitate abandoned mining sites. It has




to be ensured that no risks arise from land formerly used for mining purposes and

takes the public interest into account.

According to the Administrative Agreement mentioned above under chapter 4 the own-
ership of the mines passed into the hands of the Federal Government, which became
responsible for mining site remediation. The cost sharing ratio between Federal Gov-

ernment and States is similar to the large scale projects.

Until the end of 2007 a total budget of approximately 7.8 billion Euros will be spend for
the lignite remediation programme only. The current prolongation of the agreement,
which will be in effect from 2008 to 2012, provides for a total budget of nearly
1 billion Euros to finance the costs of remediation measures. The measures are primar-
ily aimed at improving the self regulating groundwater balance and at the rehabilitation

of infrastructure in these regions.

Another focus in mining rehabilitation lies on former uranium mining. The financial re-
sponsibility belongs to the Federal Government only. The remediation programme will
continue until 2015 with an expected budget of 6.2 billion Euros. Two-thirds of neces-
sary actions are finalised so far.

Remaining tasks in the remediation of uranium mining sites are long-term water treat-
ment, environmental monitoring and maintenance and after care for remediation re-

lated installations and constructions.

Recent national Research programmes related to contaminated land man-

agement, supported by the Federal Ministry of Education and Research

SAFIRA Il — Revitalization of Contaminated Land and Groundwater at Megasites
— (2006-2012)

SAFIRA 1l addresses the development and demonstration of a new interdisciplinary
approach for a cost-effective and sustainable development-oriented management of
megasites. SAFIRA Il integrates available and emerging technical and non-technical

methodologies and serves in specific the following objectives:

— The development, implementation, and operation of an integrated decision sup-

port and management system.




— The integration of socio-economic approaches.

— The preparation of an open platform for innovative technologies and methods.

A major goal of SAFIRA Il is to make the technological and methodological innovations
available to others and to promote the integrated management system. As in previous
SAFIRA projects, the new SAFIRA Il infrastructure shall attract other research institutes
and further research funding (e.g. in the framework of national and EU-wide research

tenders).

SAFIRA Il shall serve as the nucleus for inter- and cross-disciplinary activities towards
developing sustainable solutions for the management of contaminated land and
groundwater at large scales. Very good prospects for establishing a joint platform for
targeted research activities related to megasites are already assured by the involve-
ment of external partners from the very beginning of the SAFIRA Il project. An impor-
tant part of the project is therefore the continuous dissemination and exploitation of re-

sults and products to the scientific as well as the non-scientific sector.

SAFIRA 1l offers the unique opportunity to contribute significantly to solve the European
megasite problem. It will be the only research platform of this dimension that enables
researchers to test the technical and non-technical aspects of new management con-

cepts under real-world conditions.

A major focus of the SAFIRA Il research platform is to provide support for megasites
located in the new EU Member States, the Accession States and other Eastern Euro-
pean countries. Due to severe financial limitations and consequently very limited relia-
ble data, the conditions at most of the megasites in these countries are considered at
least critical in terms of potential health and environmental risks. However, even with
additional funding provided by the EU, the majority of the problems encountered cannot
be solved based on presently available concepts and technologies often developed for

smaller scale problems.

Basic concept

An integrated management system for contaminated land and groundwater needs to
balance two conflicting goals. It has to maintain full accountability for all environmental

and health risk-related decisions while systematically integrating the preferences of all




stakeholders (developers, neighbors, etc.) into the political decision-making on land-
use and remediation (acceptability). If stakeholder decision making would lead to any
dilution of accountability of the responsible authorities, legal procedures must be in-
stalled to protect and control for potential policy failures. On the other hand, if the deci-
sions of responsible authorities do not reflect the total quality requirements of all in-
volved stakeholders (under changing neighborhood and economic conditions), decision
making tools and processes must be devised to achieve benchmark values of stake-

holder acceptability for any combined land-use and remediation strategy.

Against this background, and based on the experience in previous projects, as well as
under consideration of the narrow legal boundaries for an institutionalized stakeholder-
decision making process in many European countries (particularly in Germany and in
Eastern European countries), a decision support system (DSS) will be that reflects the

"differentness” of the two above mentioned goals (pillars) and related tasks.

Innovation through integration

More than 25 years of intensive research worldwide have lead to some significant ad-
vancement in understanding some major processes controlling the release, spreading
and fate of contaminants in the subsurface. Numerous technologies have been devel-
oped which can be used to (partly) de-contaminate the soil or the groundwater either
in-situ or ex-situ at various costs. All this has certainly helped to better assess the risks
and the possible remediation costs associated with contaminated sites. However, a lot
of this knowledge has never made its way to real world sites. One of the reasons is that
most of the research projects within this field are funded and organized to optimize only
individual sectorial aspects, e.g. the contaminant removal efficiency of a specific tech-
nology or the risk assessment for a given receptor. However, decisions at real world
sites are generally made based on a variety of factors, technical and non-technical.
Consequently, adequate decision support systems have to integrate this variety as well

as the extensive scientific knowledge gathered over the years.

The above-stated is probably true for all contaminated sites — however, for megasites it
is essential in order to make the problem at all approachable. SAFIRA Il therefore spe-
cifically recognizes and addresses the issue of "Innovation through Integration” for bet-
ter solutions to the megasite problem. Integration is endeavoured on different levels by

the integration of natural and social sciences, the integrated utilization of technical tools




as well as the visualization and dissemination of scenarios, decision options and re-

search findings.

The ambition of integrated megasite management is directly linked to the ambition of
integrated modelling. Megasite management requires the provision of computation
tools (models) that quantitatively describe the fate and transport of contaminants in all
relevant compartments (i.e. vadose zone, groundwater, surface water). The models are
an indispensable means for risk assessment and the comparison of different manage-
ment i.e. remediation strategies at megasites for their effects. Due to the size of the
problem (megasites typically cover areas > 10 km® and the fact that contaminant
transport has to be described in multiple compartments, there is a need for new (scala-
ble) modelling approaches and techniques. It is well known that performance of tech-
nical measures in the subsurface is uncertain, and so are the predictions. This is espe-
cially true for source treatment (depletion) technologies. The development of appropri-
ate approaches for the quantification of the uncertainty inherent in the modelling results

will be another focus of the research.

As the management of a megasite will follow a tiered procedure, fit-for-purpose models
of different type and characteristics (e.g. degree of abstraction) will have to be pro-
vided, addressing the specific requirements and goals of the respective management
step. GIS-based interfaces linking socio-economic boundary conditions to fate and
transport models, the integration of efficient heuristic optimization schemes, high per-
formance computing, user-friendly graphical user interfaces, and 3-D interactive visua-
lization tools are further needs to be met. It is planned to make use of catchment scale
reactive models that are currently under development. These models (or parts of it) will
form the basis of the software development to be carried out within the framework of
SAFIRA 1.

Some integrative technical innovation highlights have already been identified as being
crucial for the implementation of the integrated management approach. These high-

lights are outlined hereatfter.

Technical highlights

Integrated plume delineation and source strength assessment for improved site evalua-

tion: Integral investigation — a reverse perspective.




Integrated source delineation and clean-up strategies for accelerated remediation: In-

situ clean up — expedited partial source removal.

Integrated high performance water treatment techniques for simultaneous treatment of
a wide variety of complex contaminant mixtures in groundwater. Complex contaminant

mixtures — the "treatment train" approach.

Integrated semiactive and passive remediation strategies: Enhancing degradation rates

— "the compartment change" approach.

Integrated monitoring techniques for risk assessment, compliance control, and optimi-

zation of measures: Compliance monitoring — minimal invasive and reliable.

RUBIN — The German permeable reactive barrier network (2000-2009)

The focus of RUBIN’s missions and goals is to meet current R&D needs pertaining to
the practical set up and long-term operation of PRBs as a prospective remediation
technology in a large-scale, coordinated initiative. Especially a bundle of technical, op-
erational, economic, ecological, toxicological, administrative and legislative issues as
well as issues comprising long-term performance and stability are addressed and in-
vestigated. Therefore, RUBIN is scheduled to plan, design, implement, monitor and
evaluate pilot and full-scale PRB projects in Germany in order to check and assess as
thoroughly and precisely as possible applicability, performance and limits of PRBs in a
broad technical scope combined with an intensive, simultaneous scientific backup. The
network also covers novel innovative approaches to be utilized for eliminating recalci-
trant compounds from contaminated groundwater by means of innovative reactive ma-

terials and novel barrier design and construction methods.

Although a growing number of demonstration sites for PRBs, predominantly involving
treatment of chlorinated ethenes by granular iron metal, have proven successful in
principle in North America, so far, PRBs have not been fully accepted and therefore es-
tablished as new general remediation technologies in Europe. The lack of general ac-
ceptance and missing incentives to implement PRBs in full scale and in a wide scope
are due to, among other things, still insufficient or missing comprehensive reliable in-
formation on long-term aspects, e.g. longevity, long-term effect and performance, and,
associated with these items, the overall rentability. In Germany, 9 pioneering PRB

projects (full and pilot scale) have been implemented revealing promising preliminary




results, e.g., in Bernau (built 2001), Bitterfeld (1999), Denkendorf (2000), Edenkoben
(1998, 2001), Karlsruhe (2000), Oberursel (2002), Reichenbach (2000), Rheine (1998)
and Tubingen (1998), all revealing interesting design and engineering features. There-
fore, the German BMBF decided to evaluate and assess the performance of PRBs as
well as other material issues to a greater extent and in a broader scope by means of
RUBIN.

Conclusions

According to the national as well as the international development and the analyses of
overall findings at various PRB sites worldwide, some general conclusions have tempo-
rarily been drawn in Germany so far: PRBs with a specifically directed ground water
flow such as “Drain-and-Gate® or “Trench-and-Gate“ look promising, because the hy-
drology is passively manipulated and controlled, therefore, regarding the flow towards
the reactor, it is well understood in principle. Furthermore, PRBs equipped with ISV
(EC-PRBs) which were inserted into accessible shafts look promising, because con-
trol/maintenance concerning the reactive material can be relatively readily exerted, if

needed.

Finally, PRBs employing activated carbon (AC) look promising, because it is a well-
established reactive (sorptive) material, deployed in a variety of other clean-up
processes. It can be advantageously combined with other materials like ZVI in PRBs,
and it can treat a variety of different ground water contaminants, even when encoun-
tered in complex mixtures and in difficult ground water environments (high hardness,
high sulfate etc), both successfully and economically. Moreover, positive findings at
several CRB sites worldwide, especially at the Rheine PRB (CRB = no ground water
control) and re ISV/Shaft Reactors plus Drainage (EC-PRBs = very high ground water
control), equipped with GAC or particularly effective ZVI such as ReSponge, imply that
both these systems seem to have a promising future. However, “classical* F&G sys-
tems are apparently losing ground, because they may exert unpredictable influence on
the ground water flow regime, even if a thorough modelling was implemented. If a mal-
function occurs, e.g., by clogging of the reactive material or bypassing ground water,
they often permit neither extended nor cheap investigation, control and/or interven-
tion/repair regarding the particular damage, due to intrinsic hindrance re “active repair”
related to their special design. EVERY PRB System that ensures a PLUG FLOW of the
contaminated ground water towards its reactor(s)/reactive zones may be successful

(Birke et al. 2004). We ought to be not allowed to hold any planning/engineering failure




entirely responsible for every malfunctioning PRB (although they do occur). Actual
scientific or other unambiguous evidence is needed. Chemical processing engineers
and hydrogeologists ought to be consulted to a greater extend than until today in order

to clarify current PRB issues.

Extensive data are published in a comprehensive manner in the German compendium
and guidance on PRBs in 2006, which is currently issued by the “RUBIN” net-

work/consortium.

KORA — Retention and Degradation Processes Reducing Contaminations in
Groundwater and Soil — (2002-2008)

The overall goal of KORA is to investigate natural attenuation (NA) processes for con-
sideration in contaminated land management. The task of the KORA funding priority is
the exploration of intrinsically working natural retention and degradation processes in
the subsoil on sites of different industrial branches, each with their own typical conta-
minants. KORA is aimed at developing technical and legal instruments which will facili-
tate the evaluation and customised use of these processes in the risk assessment and

remediation of contaminated soils and groundwater

For this purpose, more than 60 projects of KORA will be carried out in different ways at
currently 24 contaminated sites. It would not be possible to meet these common goals
without a continuous discussion among the members of KORA and with external ex-
perts, authorities, and end users. Regular workshops and status meetings will provide
for the communication that is essential for interdisciplinary cooperation; they will also
ensure that a concrete result will be obtained at the end of the funding period even
from the tax payer’s point of view: a firm basis for the use of natural attenuation

processes in the assessment of hazards and in the treatment of contaminated sites.

The funding priority is focused on the results of international research, especially from
the U.S. The research contains investigations of biological, (hydro-) geological and
chemical processes in soil and groundwater under different environmental conditions
and delivers insight into legal issues and acceptance of official bodies and the general

public.




Design of KORA

The over 60 projects of this R&D-funding priority are investigating a wide range of sites
using different methods. KORA is separated in eight Thematic Networks (TN) with dif-
ferent fields of research. The first six Thematic Networks are analysing effects of natu-
ral attenuation in direct dependence of certain industrial contaminations. TN 7 develops
software for modelling and problem-related forecasting and TN 8 contains the parts le-

gal aspects, acceptance and economic assessment.

TN 1. Refineries, fuel tanks, fuel/mineral oil (contaminants: TPH, BTEX, MTBE)

TN 2: Gas works, coking plants, coal tar processing (PAH, BTEX, coal tar,

heterocyclics)

TN 3: Chemical industries, metal processing (chlorinated solvents)

TN 4. Landfills, abandoned waste disposal sites (household waste, chemical waste,

ammonia)

TN 5: Former ammunition works (nitroaromatics)

TN 6: Mining and sediments (acidic water, heavy metals, DDT, HCH)

TN 7: Prognosis, modelling

TN 8: Evaluation, legal issues, acceptance by official bodies and the public

The KORA Management is charged with actively supporting all participants in the fund-
ing priority. They should promote the collaboration of the individual thematic networks
to present a joint recommendation handbook and compile this using the knowledge and
experience gained in the funding priority. Furthermore, the general public should be
kept informed about the results of the funding priority through appropriate public rela-

tions work.




REFINA — Reduction of greenfield development and for promoting sustainable
land management — (2004-2008)

The REFINA research programme is intended to define the necessary research lead in

close cooperation with the municipal sector, with companies and competent Federal

Government and federal state authorities and also with NGOs. The focal points are:

Development of exemplary model concepts of innovative land management for

selected regions and types of area
Analysis, methods and evaluation for a sustainable land use

Recycling and revitalization of derelict areas that were previously used and are

contaminated in part (land recycling)

Development of new yardsticks for evaluating soil quality and the need for the

protection of selected areas

Regional and national trend analyses of regional development and its assess-

ment

Further development of the tools for sustainable land management, taking into
consideration the legal, economic and institutional conditional framework as well

as

Dissemination of knowledge by developing new information and communication

structures.

The research activities should contribute to solving the following questions:

How can land consumption be reduced and decoupled from economic growth?

How can planning processes be organized to realize a resource-conscious land

use?
How can the reuse of former industrial, traffic or settlement areas be increased?

Which case examples have to be chosen to prove the efficiency and sustaina-

bility of new strategies and solutions for a resource-conscious land use?

How can social acceptance and perhaps a change of human behaviour be

achieved with regard to sustainable land use and protection of soil?




As a result of the announcement of REFINA 838 institutions with 141 project proposals

have applied for funding. Important topics are, among others:

the rehabilitation of abandoned industrial sites/contaminated deposits

— land recycling of inner-city industrial areas

the conversion of military sites

the improvement of regional planning

the restructuring of shrinking cities

Research projects with a funding volume of 20 million Euros and a total volume of 30
million Euros are planned for land management and soil protection measures. Re-
search funding is provided in the form of grants to the amount of 50 to 100 % according

to the EU funding framework conditions.

As a result of REFINA, best-practice examples are to be presented by cities and local

authorities and scientific fundamentals of land management further developed.

The implementation of the research programme running until 2008 will be accompanied
and annually evaluated by an advisory council with representatives from several feder-

al states, government departments and associations.

European Soil Framework Directive

In September 2006, the European Commission presented a Thematic Strategy for soil
protection and a Proposal for a Directive establishing a framework for the protection of

soil.

The Strategy sets out a series of actions aiming at defining a comprehensive strategy
with the overall objective of protection and sustainable use of soil, by preventing further
soil degradation, preserving its functions and restoring degraded soils to a level of func-
tionality consistent at least with current and intended use. The Strategy is intended to
be partly implemented through the proposed Directive which contains the following

elements:
— integration into sectoral policies;

— precautionary measures;




— prevention of contamination;

— measures to limit or mitigate sealing;

— identification of risk areas for erosion, organic matter decline, compaction,
— salinisation, landslides;

— identification of contaminated sites;

— programmes of measures;

— national remediation strategy;

— awareness raising, reporting and exchange of information.

The SFD is an important chance to regulate soil protection on the same level like water
and air. It was not possible, at this stage, to attain the qualified majority needed to
reach political agreement on a draft directive establishing a framewaork for the protec-

tion of soil.

The draft Directive aims at filling this gap by establishing a common strategy for the
protection and sustainable use of soil, based on the principles of integration of soil con-
cerns into other policies, preservation of soil functions within the context of sustainable
use, prevention of threats to soil and mitigation of their effects, as well as restoration of
degraded soils. The SFD should link to other EU regulations with consequences for na-
tional soil contamination policies, especially the Directive 96/61/EC ( on Integrated Pol-
lution Prevention and Control-IPPC), Directive 2003/105/EC (on the control of major-
accident hazards involving dangerous substances — Seveso Il), Directive 2004/35/CE
on environmental liability with regard to the prevention and remedying of environmental

damage).

The current SFD proposal leaves an important “policy vacuum® for locally contaminated
groundwater. If the soil is relatively clean (no significant risks for current of approved
use of the land) there can still be a groundwater contamination plume. The risk of soil
contamination for the groundwater may no longer be present, which implies that no fur-

ther action is required according to the SFD.

From the point of view of the Groundwater directive the plume may not significantly af-
fect groundwater quality in a (large) groundwater body. The Groundwater directive

does not require action either in this case. Another situation: Soil remediation takes




away significant risks for human health and the environment. This means that soil re-
lated sources of groundwater contamination are “cleaned up” but the groundwater pol-
lution itself may remains in place as the SFD only addresses soil. The Groundwater di-
rective seems to imply that action for groundwater is only necessary if the local conta-

mination is a threat for the good status of the whole groundwater body.

German regulations in comparison to the proposed Soil Framework Directive
(SFD)

The German Soil protection act includes accurate definitions for suspected sites and
contaminated sites. The identification of contaminated sites according to the SFD is as
well based on their significant risk to human health or the environment (Art. 10,1.).

However the term “site” seems more vague compared to the German term “property”.

The Federal States (Lander) may regulate the details for the identification and invento-
ry of suspected contaminated sites and contaminated sites. In practice all Federal
States are keeping such inventories. This is in line with Art. 10,2 of the SFD. The identi-
fication of suspected contaminated sites depends on concrete causes for suspicion.
The German “Lander” use branch and waste catalogues, which contain branches rele-
vant to suspected contaminated sites. We think that potentially soil-polluting activities
(Art. 11,2.) as listed in Annex Il of the SFD do not meet practical requirements as long

as they are not established on concrete suspicion.

Following the German Law the competent authorities should take appropriate meas-
ures to determine the facts of relevant matter if there are essential points for the exis-
tence of contaminated sites. If the trigger values are exceeded, the authority should
take measures necessary to determine whether a contaminated site exists. This regu-
lation generally complies with Art. 11,3. of the SFD in that the competent authorities
shall measure the concentration levels of dangerous substances at the identified site.
Both procedures are similar although the SFD does not set forth concentration levels

which can be used for single case assessment.

Art. 12 of the SFD refers to a soil status report which the owner or the prospective buy-
er has to provide to the responsible authority if a site is to be sold on which a potentially
polluting activity listed in Annex Il is taking place or has taken place due to national reg-
isters. This request does not exist in German regulations although similar instruments

are developed more and more under private law when buying and selling real estates.




In Germany the party who caused the contamination on a site, the universal successor,
the relevant property owner as well as the occupant of the relevant real property, all of
them as joint and several debtors shall be obliged to remediate the contaminated sites
and any water pollution caused by contaminated sites. This duty is similar to Art. 13,1
of the SFD which refers to the duty for remediation of listed contaminated sites by the
Member States. Thus the “polluter pays principle” is essential in both regulations.

The German definitions concerning remediation measures, such as decontamination
measures, securing containment measures and protection and restriction measures

correspond largely with Art. 13,2. of the SFD.

Funding mechanisms for remediation measures (in case the responsible person for the
pollution cannot be identified or cannot be held liable (Art.13,3. (SFD)) are not regu-
lated by the German Soil Protection Act. In general the Federal States cover the cost of
remediation for such contaminated sites. However the designated setup of a national
finance instrument for the remediation of orphan sites offers a chance for remediation,
which can be started without wasting time. The request for a National Remediation
Strategy according to Art. 14 SFD is not known to the German Law. But components of
such a National Remediation Strategy, for instance general verbal remediation targets,
can be derived from the existing law: contaminated sites have to be remediated in such
a way that no hazards, considerable disadvantages or considerable nuisances for indi-
viduals or the general public may occur in the long term. Detailed remediation targets

however can only be derived on a case by case basis.

Prioritisation of sites to be remediated, timetables and funds to be allocated by the au-
thorities for remediation activities are not covered by German legislation. Containment
of sites or natural recovery of pollution, which may need monitoring, already part of

German remediation practice.

However, due to a couple of still open key points within the draft of SFD and expected
problems for the implementation there is no unanimous position among involved par-
ties on the federal as on the state level. The Federal Environment Ministry is communi-
cating constructive proposals to find a national consensus, which might be accepted as

well as in the EU.




Status Quo - Outlook

The draft Soil Framework Directive aims at filling this gap by establishing a common
strategy for the protection and sustainable use of soil, based on the principles of inte-
gration of soil concerns into other policies, preservation of soil functions within the con-
text of sustainable use, prevention of threats to soil and mitigation of their effects, as
well as restoration of degraded soils. Soil protection has not been subject to a specific

legislative instrument at Community level so far.

The previous Portuguese EU-Presidency did a lot to reach a seminal political progress.
However it was not possible on the 2842nd Deliberation of the Environment Council
(20th of December 2007) to attain the qualified majority needed to reach political
agreement on a draft directive establishing a framework for the protection of soil. AT,
DE UK, NL, FR could not accept the text tabled.

Existing bottlenecks:

— Priority area approach: not only cover the agricultural land, also include
forest land as well as residential, industrial, recreational and coastal land -

criteria and the procedures must be available and practicable

— ldentification and inventory of contaminated sites and Soil status report:
main difficulties remain concerning the degree of flexibility given to Member
States to identify contaminated sites by following a step-by-step approach
and arriving at an inventory of contaminated sites; the degree of obligations
and the methodology attached to those steps, including chemical analysis
of soils; the degree of flexibility given to Member States to use results of
identification of contaminated sites obtained under national provisions be-

fore transposition; and scope and nature of the annex.
— Non-compliance to subsidiarity principles

— Expected increase on bureaucracy

Under the perspective of German “L&nder” points of concern are:
— identification and adjustment of priority areas including action programmes
— enlargement for the inventory of contaminated sites

— adoption of the soil status report




— comprehensive obligations to report
— national remediation strategy requirement linked with the given timeline

Nevertheless, among most member states several communities express the crucial in-
terest to come forward with a European Soil Framework quickly. Within the Common
Forum (the network of contaminated land policy makers and advisors from national
ministries in EU member states and EFTA countries), it was announced that France will
pick up the SFD back on the political agenda for the upcoming EU-Presidency. In addi-

tion, the Czech Republic will go further in case the goal will not reach within 2008.

Reflecting the statement given by the French Minister during the Deliberation of the
Environment Council, we expect that the technical discussion about content will shift

the political arguments against a European Soil Framework.

Further Information

Federal Ministry for the Environment, Nature Conservation and Nuclear Safety:

http://www.bmu.de

Federal Environment Agency: http://www.umweltbundesamt.de/

Legal Documents (Soil Protection Act and Federal Soil Protection and Contaminated
Sites Ordinance) and other information will be found at the contaminated sites informa-
tion site of the Federal Environmental Agency (English version)

http://www.umweltbundesamt.de/altlast/webl/estart.htm

Environmental Information of German Authorities: http://www.portalu.de

EUGRIS — Portal for Soil and Water Management in Europe: http://www.eugris.info/

2842nd Deliberation of the Environment Council, media clip:

http://ceuweb.belbone.be/archivevideo.php?sessionno=1413&lang=EN
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Register of Contaminated Sites
Harald Mark,
MSP GmbH, Germany

Introduction

A successful treatment of contaminated sites requires a systematic and gradual procedure -
such as it has proved its worth in Germany for many years. The first step of treatment is the

registration (recording) of contaminated sites.

Fig. 1: Treatment of contaminated sites as a multi-stage process

In Germany the biggest mistakes were made, when remediation took place without the steps

of recording and risk assessment.

Object of recording is:

— conducting area-wide investigations of industrial sites and waste disposal sites and

their compilation in a list;

— the assessment of the industrial sites and waste disposal sites investigated with regard

to identifying sites suspected of being contaminated;




— conducting extensive site-related investigations;

— assessment of the results of investigations in the sense of a first risk assessment and

further measures resulting from it.

Content and target of the investigations are:

— classification of specific case groups of industrial sites and waste disposal sites or indi-

vidual cases of areas suspected of being contaminated,

— determination of the position and spatial extension of the potentially contaminated ar-

eas and

— collection and processing of all further information relevant to environment on the indi-

vidual areas

Investigations do, as a rule, not involve local investigations exceeding a potential site inspec-
tion. Boring, sounding, chemical-physical investigations etc. are basically left to the subse-
guent stages. The data and findings gathered are filed in registers and files and updated and

represented on maps by the competent authorities.

The investigations made by the authorities follow basically two aims:

— detection and localizing of possibly all industrial sites and waste disposal sites situated

in the area of responsibility of an authority (area-wide investigations).

— compilation of all detailed information required for the individual treatment (site-related

investigations).

Before the background of the target of the investigations, namely to record and document uses
and events which may play a (restrictive) part in planning a follow-up use normally the follow-

ing object categories have to be investigated:

— Buildings and plants and their use: An essential object of recording is always the stock
of buildings and plants as it has developed in the course of the history of use. To as-
sess uses with regard to a potential pollution risk all uses — independent of their rele-

vance to environment — are recorded and reflected in the maps of the results.

— Sewerage system and sewage plants: As far as existing, the sewerage system is re-
corded and represented on maps. An important target of research is to record the (for-

merly) existing sewage plants.




— Waste disposal sites: Furthermore, sites will have to be determined where material has
been deposited. In most of the cases, it will not be possible to determine the deposited

material, however, waste disposal sites have to be recorded as deposits or backfills:

— Storage areas: Storage areas will be recorded as a further object category. They are
defined as areas where piece goods or bulk material (partly not to be specified in a

more detailed way) have been stored.

Methods and sources of recording contaminated sites

Basically there are available only a few information sources, if any at all, providing directly
— the partial areas of a site which are possibly contaminated,
— the contamination concerned

— when or in which period potential damage was inflicted.

In practical site-related investigation four methods have proved to be especially efficient:

1. archive research with evaluating the unprinted and printed documents obtained in public

archives and company archives and in official (old) registries,

2. multi-temporal mapping, i.e. the evaluation of maps and aerial photos of various subjects

and times of origin, especially

— the evaluation of first editions and continuation of official topographic maps of a
scale of 1:25,000 and larger and

— the interpretation of aerial photos available from aerial, route and other navigation,
3. questioning of contemporary witnesses

4. site inspection to understand the actual situation.

As a rule, it is not sufficient to apply only one of the methods mentioned. In German practice
notably the combination of the 1st and 2nd methods has proved successfully, whereas ques-
tioning of contemporary witnesses is to be recommended only if after completing archive re-
search/evaluation of documents and records and multi-temporal mapping still obvious gaps will

exist. If possible, the findings of recording should be supplemented by a site inspection.




Archive research and evaluation of documents and records

In the course of the history of use of a site, from today’s point of view, necessarily more or less
comprehensive documents and records with directly or indirectly usable information relevant to
environment have been compiled. As typical examples of such documents and records there

should be mentioned:

operating licences,

— applications for permissions for the construction and reconstruction of buildings and
plants,

— respective layouts and plant layouts at specific times of industrial site development, fur-
thermore

— production and other plant reports and

— damage information relating to accidents including war damage.

The evaluation of this documentation — frequently compiled over decades — as a rule, will sup-

ply important information on

the historical building and plant stocks and their functions (fig. 2),

— potential accidents/leakage and other singular events such as military actions,

manufacturing methods (relevant to contaminated sites) and other industrial procedures

and sequences of work

ownership systems (and their change).

To efficiently find documents and records it is basically to be recommended to adopt an ap-
proach deriving from the official regulations relating to the transmission of documents and re-
cords. Document stocks considered to be worth archiving are usually arranged and stored ac-
cording to the provenance and site principle, i.e. according to sites where they have been
compiled. Accordingly, there has to be, first of all, reconstructed which operations are of rele-
vance to contaminated sites (mostly) without being indicated by the titles of the records. Sub-
sequently, there has to be determined which authorities or company departments have been

dealing with a process possibly relevant to contaminated sites.
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Fig. 2: Part of a site-plan of a textile company in Vietham from 1928

Then the archives or information offices competent for storing the records of the sites con-

cerned will have to be found.

In this connection, attention shall be paid to the fact that administrative competences on the
decision-making level as well as in the regional subordination (administrative reforms) (may)
have changed. Furthermore, documents with information relevant to contaminated sites may
not only be available on one level but, by the parallel transmission of specific re-

cords/documents, on a few archive levels.

Site-related investigations will normally start with finding the relevant records on local level.
Which archive or official (old) registry shall be, here, consulted preferably is scarcely generally
binding but ultimately to be decided only depending on the case-specific basic conditions. If a

company archive will exist for the site under investigation and access to it will be provided the

research should be started there at any rate.

If in research on local level obvious gaps in transmitting documents will appear the competent

archives on regional or national levels will have to be considered in further stages.




Multi-temporal evaluation of maps and aerial photos

The multi-temporal mapping involves a combined analysis of maps (in particular official topog-
raphic, yet also other maps) and aerial photos with the evaluation of these area reproducing in-
formation carriers - taking place not only on one time level but — multi-temporally — in several

periods.

The information value of topographical maps is distinctly lower than that of aerial photos —
mainly due to a generalization. The larger the scale is the more suitable is the map for re-
cording. The most suitable scale is the scale 1: 5,000, followed by the scales 1: 10,000 and
1:25,000.

However, aerial photos are essentially more substantial than maps and document a site with
all details without generalizing exactly the condition and appearance at the time of taking the
photo (Fig. 3). Information relevant to contaminated sites provides aerial photos notably of fills
and deposits, the supplementation and checking of the building and plant stocks resulting from

the evaluation of the plant layout.

Fig. 3: Aerial photo and topographical map of the same region (in Vietnam). (Source: In-
formation Centre of Natural Resources and Environment, Vietnam)

In many phenomena of use the identification of objects is possible without causing problems
owing to visual properties such as object shape (layout/front view), object size (length, width,

height), position and arrangement on the terrain or towards other objects. Thus, among former




industrial plants e. g. tanks, cooling towers and other prominent plants with unmistakable build-
ing and structural properties visible on aerial photos, as a rule, may be easily identified. How-
ever, some buildings and plants appear on the aerial photos so non-specifically that — owing to
their position and arrangement — they may be only indirectly identified in their functions or with
a respective uncertainty or not at all. In investigating and mapping former industrial sites the in-
terpretation of aerial photos has to be regarded rather as a method supplementary to the
evaluation of the plant layouts or — depending on the records and plans — also the other way
round. The combined application of both methods is imperative to reach good results of re-
search of the plant and building stock as often aerial photos document plant (units) not to be
found in plant layouts. On the other hand, aerial photos show frequently that buildings shown
in plant layouts have partly not left their “stage of planning”, i.e. have never been built. As
compared with aerial photos plant layouts are so important because — as mentioned above —
an assignment of the functions of (historical) buildings and plants is only seldom possible

solely on the basis of aerial photos.

However, aerial photos are frequently the only source to record potential waste disposal sites.
Waste disposal sites may be identified on the aerial photo by various features. On a black-and-
white aerial photo they stand out by a lighter or darker grey shading — independent of a. 0. ma-
terial properties and incidence of light. On an aerial colour photo possibly colour properties of a
waste disposal site or its surrounding facilitate its identification (fig. 4).

Fig. 4: Waste disposal in an aerial photo (Source: Information Centre of Natural Re-
sources and Environment, Vietnam)




The contours of waste disposal sites are mostly irregular and not always clearly definable. As a
matter of fact, many types of waste disposal sites in their original state show carrying-over

seams of a few meters which render impossible sharp fencing even on the terrain.

The three-dimensional character of former waste disposal sites should be detected by means
of optical instruments rather than through hard shadows. Using stereoscopes is obligatory for
identifying former waste disposal sites. The multi-temporal evaluation of aerial photos allows to

map various dumping phases and — if existing — to identify also a change of material.

Questioning

If questioning should bring useful results it has to be ensured that the persons questioned have
founded special and also respective site knowledge. In addition, they should have a sufficiently
reliable memory and, not last, they should be ready to give unreservedly information about

processes and facts relevant to environment.

Though, in actual cases, it is in general, not very difficult to find contemporary witnesses meet-
ing largely this requirement profile, if knowledge about facts actual longer ago has to be ob-
tained by questioning finding of suitable interview partners may absolutely prove to be a prob-

lem.

The results of questioning contemporary withesses — even if prepared and carried out in a pro-
fessional way — shall be always assessed critically. In fact, questioning may impart absolutely
new, basic knowledge on uses of the site relevant to environment and thus contribute to sup-
plementing the data stock of a site-related investigation. This, however, applies predominantly

to uses and events of a more recent date.

Site inspection

In conclusion of a site-related investigation a detailed inspection of the site under investigation
is to be recommended. Such a site inspection serves, on the one hand, the documentation of
the actual state (a. 0. by photos) and, on the other hand, it serves the aim of supplementing

the findings of research by considering the following aspects:

— mapping of perceptible contamination; to investigate and assess soil pollution the use
of a folding spade may be useful. However, there should be checked in advance

whether a ground photo will be required (protective measures, waste disposal etc.);




— subsequent investigation of relevant units of a plant (separator etc.) to be neither rec-

ognized on the aerial photo nor indicated in plant layouts;

— assessment and classification of waste disposal sites still visible with regard to their

material composition;

— clarification of building and plant functions so far uncertain.

In addition, type and state of sealing and further parameters relevant to the assessment and
depending on the individual case may be collected. Ideally site inspection is carried out ac-
companied by a person knowing the site and, if necessary, then in combination with question-

ing of contemporary withesses.

If the advantage of a site inspection for supplementing the findings of the research and the
documentation of the actual state is undisputed, its importance to site-related investigations is
often overestimated. It need not be further commented that site inspections may, as a rule,
supply information on a very small part of the history of use of a site, namely notably on the

condition of the terrain after the plant was closed down.

Changes of the building and plant stock, overgrown waste disposal sites and backfills are only
a few exemplary categories not to be investigated by site inspections. In site inspections indus-

trial safety measures shall be always paid attention.

Assessment of the results of investigation

The results of investigation shall be always assessed differently with regard to their relevance.
This means specifically that some areas of a site under investigation show a higher contamina-
tion risk than others. That is why it is important for planning all further measures to make a
special assessment of the results of investigation and to distinguish between the investigated
areas as to the extent of the risk. The investigated areas shall be distinguished according to

the following pattern:
— high contamination risk
— medium contamination risk
— small contamination risk

— no contamination risk (as all uses are recorded, among others, of course, also such

uses which are not connected with a contamination risk).




— contamination risk not to be classified (if the available information is not sufficient to as-

sess the contamination risk)

Data from relevant literature provide the basis for the special assessment of the results of the
investigation. Furthermore, the assessment shall be based on experiences made with compa-

rable sites. In assessing the risk the following factors shall be considered:

type of use

period of use

material potential

— risk restricting measures.

The elementary components of the register: GIS and database

A register of contaminated sites is an area-wide information system basically consisting of two

components (Fig. 5):

— geometrical data: refer to the position of a site relevant to environment on a large-

scale map, its exact limits and — if necessary — details of respective uses

— site data: are data assigned to the site, informing on geographical details (such as co-
ordinates), legal facts (such as owners) and aspects relevant to environment (such as

industrial plants, accidents).

Area and site information is linked with each other through indices and is constantly updated.
Formerly registers of contaminated sites were always arranged in parts of maps and records
compiled and continued manually. Today registers of contaminated sites are compiled and
continued by means of a data bank and GIS software. The digital ,register of contaminated
sites” allows a comparatively faster access to individual data and is easier to be continued at

lower costs.

A ,functioning" register of contaminated sites requires that

— all sites (of a regional corporate body) relevant to environment have been recorded and

localized,

— detailed information on the respective sites is available.




Fig. 5: Schematic representation of the principle of the register of contaminated sites:
geometric data and site data

The database contains some data fields, like the exact localization, the owners, the current use
and benchmark data of the historical development of the site. The most important class of in-
formation is the actual and former use of the buildings and facilities of the site. Fig. 6 shows as
an example the function of each building of a pesticide store as well as the time of use. These

data are directly linked with the Geographical Information system.

Fig. 7 shows all the buildings of a pesticide store in different colors, which refer to their special
function.




Fig. 6: Database with information about the facilities within a site (pesticide store)

Fig. 7: GIS-data linked with the database




Conclusions

The practical use of applying the register of contaminated sites is multifarious providing notably

advantages for the areas environmental protection/health and economy:

— The investigation data provide the basis for decision-making on further measures of
site-related environmental management. Only if it is known whether and where on a
site uses suspected of causing contamination have taken place follow-up stages of

sampling and analyzing may be planned purposefully.

— But with the recording data especially grave environmental impacts may be recognized
already early and respective emergency measures may be initiated. Thus, the health of

the population concerned will be immediately improved.

— Preparing of digital maps and plans in the framework of recording forms also the basis
for planning all further measures not only of specific treatment of contaminated sites

but also for other fields of environmental management (monitoring data etc.).

— In Germany the planned approach has proved to be a most low-cost alternative. Thus,
making costly wrong decisions owing to lack of site information will be largely avoided.
In Germany the principle is applicable: that money which is invested in data collection
will be repeatedly saved later on owing to reliable decisions being made on the basis of

a solid data stock.




Characterization of Mercury Contaminated Sites
— The Role of Speciation Analyses —

Harald Biester,
Technical University of Braunschweig, Germany
Introduction

Mercury contamination of local, regional, and global environments has become an increa-
singly studied subject in recent years. Areas where Hg pollution has been most acute include
abandoned Hg mines, gold mining areas where Hg was used in the amalgamation process,
and industrial sites where Hg has been released as a byproduct of chemical processes (e.g.,
the electrochemical separation of chlorine from sodium salt at chlor-alkali plants) Kim et al.,
2003). Different from many other heavy metals mercury undergoes several processes of
species transformation, which determine its toxicological potential in natural environments. In
all cases, knowledge of the molecular-level speciation of Hg is essential for understanding its
potential bioavailability and impact on the environment. Among these transformation pro-
cesses, the formation of volatile Hg(0) through reduction of Hg**-compounds and binding of
Hg to natural organic matter are the most important processes determining the maobility in the
environment (Fig. 1a,b). Especially in agueous systems the formation of Hg organic com-
plexes such as methylmercury is a key process for the enrichment of Hg in fish and finally in
the human food chain. Methods for determining Hg speciation have increased in both num-
ber and sophistication over time, ranging from visual identification of Hg phases in ore-grade
samples to sequential chemical extractions (SCE) (Revis et al., 1989, Sakamoto et al., 1992,
6-8), sequential thermal desorption (Biester et al., 1997, 1999, 2000), electron microprobe
analysis (Barnett et al., 1997), and in-situ X-ray absorption spectroscopic analysis (Kim et al.,
2000). Over the past 15 years thermal desorption methods have been shown to be a strong
tool to determine solid phase inorganic Hg compounds in contaminated soils and sediments.
In combination with aqueous leaching and chemical methods to determine dissolved Hg spe-
cies both methods allow far reaching risk assessment of contaminated areas (Biester et al.,
1997a,b, 1999, 2000, Sladek et al., 2002, Gustin-Sexauer et al., 2002). This overview shows
several examples of the application of a thermal Hg desorption techniques combined with
aqueous leaching to detect Hg species in soils and sediments of contaminated industrial

sites and a former Hg mining area.
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Figure 1: Formation and transformation processes of Hg compounds in soils and sediments

Methods

Mercury thermo desorption techniques area based on the comparatively low thermal stability
of many Hg compounds and the release of volatile Hg(0) during their thermal breakdown.
Samples are continuously heated up to 700 °C in an inert gas atmosphere and released
Hg(0) is simultaneously determined by atomic absorption spectroscopy. Figure 2 shows a

schematic view of the analytical setup, a detailed description of the method is given else-

where.

Figure 2: Scheme of the Hg thermo desorption (after Biester et al., 1997a)



Case studies 1: Chlor-alkali plants

Besides coal burning and waste incineration, one important industrial source of Hg emissions
are chlor-alkali plants (CAP) using metallic Hg for the electrolytical production of chlorine.
The environmental impact of Hg emissions from CAPs has been demonstrated in several
studies (e.g. Lodenius and Tulisalo, 1983, Baldi and Bargagli, 1984, Maserti and Ferrara,
1991, Gonzales, 1991, Biester et al., 2002a,b). Several studies have shown that most Hg
emitted from chlor-alkali plants is dispersed over long distances, and only small amounts are
deposited in the vicinity of the sites (Jernelév and Wallin, 1973; Hogstrom et al., 1979). Nev-
ertheless, it has been reported that soils surrounding chlor-alkali plants show Hg concentra-
tions up to 75 times the background (EPA 1997). However, the dynamics of atmospherically
deposited Hg in soil, especially the fate of Hg(0) have been long only poorly understood. A
multi-site study on Hg deposition in the vicinity of CAPs has shown that less than 2 % of the
emitted Hg remains in local soils and the rest are subject to long range transport (Biester et
al., 2002a). Based on Hg thermo desorption analyses it could be shown that Hg in these soils
predominately exists in a matrix-bound form such as Hg organic matter complexes and that
Hg(0) is in most cases absent (Fig. 3). However, samples containing unbound Hg(0) always
show large amounts of Hg bound to organic matter, which results from oxidation of Hg(0) to
Hg?* complexation to organic matter (Fig. 4).

Figure 3: Mercury thermo desorption curves of a typical soil samples taken near a chlor-alkali
plant (Biester et al., 2002b).
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Figure 4: Mercury thermo desorption curves of soil sample contaminated by direct spilling of
Hg(0) on a chlor-alkali plant and extracted humic acids showing both Hg(0) and Hg bound to

organic matter.

The important process of Hg(0) oxidation and coupling to organic matter in contaminated
systems was also observed in a Hg(0) contaminated sewer system. Here, Hg(0) introduced
by a electric rectifier workshop was rapidly oxidized and bound to humic acids (HA). Further
microbial decomposition of the organic matter and reducing conditions in the sewer sedi-

ments caused the formation of metacinnabar (HgS) or organo-Hg-sulfides (Fig. 5).
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Figure 5: Mercury thermo desorption curves of sewer sediment samples showing Hg(0) and in-

situ formed organically bound Hg (extracted humic acids HA).



Conclusions

The shown examples indicate that Hg(0), which is the most important Hg species emitted
from CAPs 70%., is not preserved in soils surrounding the plants. It is assumed that the ma-
jor Hg compound deposited near the plants is Hg(ll), which is in accordance with model cal-
culation of Hg deposition near CAPs. Hg(0), initially deposited to the soils, is re-emitted with-
in a short time or oxidized to Hg(ll) and adsorbed to soil components suggesting that most
Hg(0) emitted from the plant is directly or indirectly subject to long range transport.

Case study 2: Wood Preservation sites

The antiseptic effect of mercury(Il)chloride (HgCl,) has been known since the 18" century
and was widely applied by the wood preservation industry. The process of kyanizing, named
after John Kyan who patented this process in England 1832, consists of steeping wood in a
0.67% mercuric chloride preservative solution to prevent the wood from decay (Schéndorf et
al., 1999). On these wood impregnation sites, the improper storage of treated wood or lea-
kage of dip basins often led to a severe contamination of the environment, especially of soils
and groundwater. The following examples demonstrate how species transformation
processes of Hg in the aquifer can change mobility and dispersion of Hg in contaminated

groundwater.

Site description

Wooden telegraph poles, trellis support poles for vineyards, and sleepers for railway tracks
were treated with HgCl, solution against fungal attack at a former wood impregnation plant in
Southern Germany. The site covered an area of almost 9 ha and during the 60 years of op-
eration (1904-1965) an estimated amount of 10-20 tons of Hg has been released into the lo-
cal soils and the aquifer (Schondorf et al., 1995). Currently a residential area of 8 ha, the site
is contaminated with up to 11000 mg/kg Hg and a groundwater plume with a maximum Hg

concentration of 230 pg/L and a width of 100 m persists 1.3 km down gradient (Fig. 6).

The aquifer consists of highly permeable sand and gravels and has a groundwater gradient
of 0.7 to 1%. This results in a hydraulic conductivity of 3 x 10° ms™ and a high flow velocity
of 3 — 10 m/d. The base of the aquifer consists of weathered gravels of low permeability,
which form the aquitard (Schondorf et al., 1999).




Figure 6: Location of the former distribution of the contaminant plume and locations of ground

water wells.

Seepage modelling for this site estimated that due to high Hg concentrations in soil and low
seepage fluxes there will be a continuous Hg release from the unsaturated soil zone into the

aquifer for at least the next few hundred years.

Methods

During the past 10 years 28 groundwater wells were installed which fully penetrate the shal-
low groundwater down to the base of the aquifer. The most important observation during this
time was that Hg concentrations in the contaminant plume dropped rapidly at a distance of
about 800 m from the contamination source to values near background concentrations Fig-
ure 7. Up to now the reasons for the strong decrease in Hg concentration and the constant
contamination plume are mostly unknown. The following results of soluble Hg species analy-

ses indicate that Hg species transformation might be a possible explanation.
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Figure 7: Hg concentration in groundwater with distance from the contaminant source




Investigation on Hg species in groundwater were performed during a period of 1 year at
monthly intervals. Speciation of soluble Hg species in groundwater is based on differentiation
of operational defined species (Fig. 8, modified after Brosset, 1987 and Meili et al. 1991).

A scheme of the speciation procedure to distinguish between reactive (easily reducible)
soluble Hg compounds and non-reactive (non-educible) soluble organic complexes is given
in Figure 8.

Figure 8: Analytical procedure for the determination of soluble Hg species in water modified
based on the method by Brosset (1987) and Meili et al.(1991).

Results

The results of Hg speciation measurements in groundwater indicate that reactive Hg com-
pounds are the dominant form of Hg in groundwater and that only a very small portion of the
Hg appears to be bound to organic complexes. This indicate that most Hg in the aquifer is
likely to be transported in its original form, which is HgCl, leached from the contaminated
soils. As solubility of HgCl, is high (70 g/L) the sharp decrease of Hg concentrations in the
aquifer could not be explained by the dominant species of soluble Hg, as no changes of the
predominant Hg species in groundwater could be observed with distance from the contami-

nant source.

However, Hg thermo desorption analyses of the aquifer material indicate formation of consi-

derable amounts of Hg(0) in the solid phase (Fig. 9). It has been concluded that the forma-




tion of Hg(0) in groundwater is due to a change in redox conditions when HgCl, is leached
from the soil into the groundwater. Redox-pH measurements in groundwater and calculation
of the stability of inorganic Hg compounds in the groundwater indicate that both HgCl, and
Hg(0) could be stable under the given conditions in the aquifer (see Fig. 10). It has been as-
sumed that the reduction of HgCl, to Hg(0) could be the main reason for the decrease of Hg
concentrations in groundwater. This process would decrease the solubility of Hg from 70 g/L
(HgCly) to 60 pg/L (Hg(0)), which is a factor of ~10° lower. Similar observations could be

made in comparable HgCl, contaminated aquifers (Bollen et al., 2007)
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Figure 9: Hg thermo-desorption curves of aquifer material. Peaks at temperatures below 100 °C

indicate the formation of Hg(0) through the reduction of HgCl, (Bollen et al., 2007).

In addition to the formation of Hg(0) the occurrence of HgS in some aquifer samples indi-
cates the precipitation of Hg?* as insoluble Hg sulfide. However, at the investigated site the
formation of HgS seems to be restricted to isolated peat layers in the aquifer, where reducing

conditions and free sulfide ions as a result of sulfate reduction occur (Fig. 11).
Conclusions

The presented case study of a Hg chloride contaminated aquifer has shown that Hg species
transformation processes such as the formation of Hg(0) or HgS are key processes, which
control the dispersion of Hg in groundwater systems. Moreover, it highlights the importance
of both solid and liquid phase Hg speciation to evaluate environmental risk and to understand
the fate of Hg in such complex contaminated systems. It has to be mentioned here that Hg
thermo desorption is the only available analytical method which could directly detect Hg(0) in

solid material.




Figure 10: pH-pE stability diagram of the most important naturally occurring inorganic Hg
compounds. The red area shows the pH-pE conditions in the investigated aquifer (Schéndorf et
al., 1999, Bollen et al., 2007).

Figure 11: Hg thermo-desorption curves of isolated peat layers in aquifer. Peaks at tempera-

tures above 300 °C indicate the formation of Hg sulfide (HgS).




Case study 3: The mercury mining area of Idrija, Slovenia

Mercury mining areas are comparatively rare. However, due to the high toxicity of many Hg
compounds and the release and wide range dispersion of large amount of Hg(0) released
during the roasting process into the environment, Hg mining areas are large scale conta-
minated sites, which often demand development of specific strategies to characterize the risk
potential of the different contaminated environmental compartments. Contamination at Hg
mining areas such as the Almadén (Spain) or Idrija (Slovenia) mines has affected large areas
of tens or hundreds of square kilometers and nearly all environmental media. Due to the dif-
ferent contamination pathways, Hg speciation is of great importance to understand and the
fate of Hg in such areas and to predict environmental risk potential. The Idrija mining area is
typically for large scale Hg contamination attributed to long term mining activities. In the past
15 years several studies have demonstrated the high grade and widespread contamination
of soils in the vicinity of the smelters and the Idrijca river systems, which drains the mining
area (Fig. 12) (Biester et al., 2000, Gnamus et al., 2000 and the literature cited therein, Co-
velli et al., 2001).

Figure 12: Map of the Idrija mining area, the catchment area of Idrijca river and the Gulf of Tri-

este, which is the final sink of Hg contaminated material transported by Idrijca river.

Because of the different toxicity and bioavailability of Hg compounds found in mining areas,
Hg speciation is of great importance. In most Hg mining areas cinnabar (HgS) is the primary




Hg ore. Due to its very low solubility in water (~ 10™°* mol/L) the risk potential of cinnabar to
become bioavailable is comparatively low. However, attributed to the emissions of Hg(0)
from the roasting plant and the deposition of Hg(0) and Hg(ll) to soil, several potentially bio-
available Hg components such as organically bound Hg forms could be found in soils and

river sediments.

Figure 13 gives an overview on the main processes of Hg dispersion in the Idrija mining
area. It has been estimated that about 45.000 tons of Hg were lost to the environment during
~ 500 years of mining activity. Note that during the most intense mining activity more than 12
kg of Hg(0) were emitted daily from the chimney of the roasting plant. Recent measurement
of Hg concentrations and Hg thermo desorption in attic dust have shown that house dust
contains high amounts of Hg and that Hg(0), Hg(ll) as well as HgS could be found in different

proportions depending on the distance from the smelter (Fig. 15) (Gosar et al., 2006).

Figure 15 shows Hg thermo desorption curves of the most important Hg phases occurring in
soil, dust and sediments in the mining area. It could be seen that cinnabar in soil and dust is
only found in areas close to the smelter, whereas the ecotoxicologically more problematic
matrix-bound Hg forms, such as humic acid bound Hg (which could be methylated) are the
predominant Hg components found in samples taken more distant from the smelter as a re-

sult of long range transport of the emitted Hg(0).

Another important source of Hg pollution has been the dumping of mining residues into the
river Idrijca. The aim of this common practice was to get rid of highly contaminated mining
residues, which were washed down the river during flood events, mainly in spring after the
snow melt. The key question for the risk assessment of the Hg contaminated river system
was, to which extend the Hg stored in the river sediments and especially in the Gulf of Tri-
este could be transformed into highly toxic methylmercury (MeHg). Cinnabar is known to
have a low potential to be transformed to MeHg, whereas organically bound Hg or dissolved
ionic Hg species mainly derived from soil or tailings are known to be easily methylated in se-
diments under anoxic conditions and may therefore enter the human foodchain through the
enrichment in fish. Besides direct determination of methyl Hg in sediments speciation ana-
lyses aim to distinguish cinnabar from non-cinnabar Hg compounds (mainly humic acid

bound Hg forms) in sediments.
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Figure 13: Main pathways of Hg dispersion in the Idrija mining area attributed to smelter emis-

sion and dumping of mining residues.
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Figure 14: Distribution of Hg concentrations in attic dust (left) and soils (right) in the Idrija min-
ing area (from Gosar et al., 2006).




Figure 15: Thermo-desorption curves of Hg in soil and dust samples in the Idrija mining area
(from Biester et al., 1999).

The following figures show the results of Hg thermo desorption analyses in sediments from
river Idrijca and the Gulf of Trieste. All sediment core analyses clearly indicate that cinnabar
is the predominant Hg compound in all samples and that matrix-bound (non-cinnabar) Hg
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compounds account for less than 20 % of total Hg with the exception of samples taken from

old river terraces (Tem 1), which are strongly influenced by atmospheric deposition of Hg(0).

These findings indicate that most Hg in the river sediments is attributed to erosion of tailing
material, which over most of the mining history still contains large amounts of cinnabar due to

inefficient roasting techniques (Biester et al., 1999).

Figure 16: Results of Hg thermo desorption measurements in sediment cores taken at different

locations of river Idrijca (Biester et al., 2000).

However, analyses of sediment samples from the Gulf of Trieste indicate that cinnabar is al-
so the predominant Hg species in sediments taken from the river mouth where Hg concentra-
tions are still highly elevated, but samples taken more distant from the coast show predomi-
nantly non-cinnabar Hg compounds and only low amounts of cinnabar (Fig. 17). More impor-
tant, those areas, which show mainly matrix-bound Hg forms, also show highest concentra-
tions of methylmercury despite that total Hg concentrations in those areas are comparatively

low.




Figure 17: Location of sediment cores taken from the Isonzo (Idrijca) river mouth and in the
center of the Gulf of Trieste and predominant Hg binding forms as determined by Hg thermo

desorption analyses (Piani et al., 2005).

Comparison of Hg species in sediments with the amount of very fine grained sediments par-
ticles (2-16 um) and the amount of organic carbon in the sediments indicate that matrix-
bound Hg compounds show in both cases a very good positive correlation, whereas cinnabar
shows a good negative correlation for both parameters (Fig. 18) (Piani et al., 2005).

Figure 18: Correlation between non-cinnabar and cinnabar compounds with the amount of fine
particles (2-16um) and the amount of organic matter in sediments of the Gulf of Trieste (Piani et
al, 2005).




This findings clearly indicate that the dispersion of different Hg compounds in the river sys-
tems depend to a large extend on hydrodynamic conditions. Cinnabar which is mainly asso-
ciated with coarser particles eroded from the tailings is only transported at high flow regime
and deposited where flow velocity decreases (river mouth), whereas non-cinnabar matrix
bound Hg compounds including soluble Hg-humic complexes can also be transported at
lower flow regimes and are transported far into the Gulf of Trieste where they can potentially
be methylated in the sediments.

Conclusions

Several examples of contaminated sites of different scale have been shown where solid
phase Hg thermo desorption analyses and determination of operational defined soluble Hg
species have been applied to soils, sediments and aqueous samples. It could be demon-
strated that both methods are strong tools to detect Hg species and species transformation
processes in the environment and that speciation analyses are crucial to evaluate and pre-

dict present and future environmental risks of Hg contaminated sites.
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Mercury Pollution in Guizhou, Southwestern China - an overview
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1. Introduction

Mercury (Hg) is a highly mobile heavy metal. Small releases of Hg can result in a significant expo-
sure to wild animals and humans, presenting a global health concern. Hg occurs in several forms in
nature. Elemental Hg (Hg(0)) is relatively stable, volatile and has a low solubility in water, thus un-
dergoing long-range transport in the atmosphere. Divalent Hg (Hg(ll)), which readily associated with
chlorine, sulfur, hydroxyl ions and dissolved organic carbon (DOC), is more common in the envi-
ronments. Organic compounds of Hg, such as methylmercury (MeHg), are of the greatest concern

on human health due to high toxicities.

MeHg is recognized as the most toxic Hg form to humans. It can be generated from ionic Hg in en-
vironments by organisms under appropriate conditions such as reducing environments (Grieb et al.,
1990; Choi and Bartha, 1994; Ebinghaus et al., 1994). Because of its accumulative and persistent
characteristics in biota, MeHg has a strong ability of bioaccumulation in the food chain, resulting in
fish tissues more than 106 times higher than ambient water MeHg concentrations (WHO, 1990; US
EPA, 1997a). In this sense, an important transformation in Hg cycle is the conversion of inorganic
Hg to MeHg.

Guizhou province (N24°30'-29°13', E103°1'-109°30"; Figure 1) is located in southwestern China with
an elevation of 1100 m above sea level and a land area of 176,000 km?. Its climate represents a
typical subtropical humid monsoon with an average annual temperature of 15 °C and a precipitation
of 1100-1400 mm. Guizhou is a typically karstic topography. The bedrocks in the province are li-
mestone and dolomite.

From the perspective of the global plate tectonics, Guizhou province is situated in the center of the
circum-Pacific mercuriferous belt (Qiu et al., 2006a; Gustin et al., 1999). Therefore, Guizhou is one
of the world’s important Hg production centers. So far, at least 12 large and super-large Hg mines
have been discovered in the province (e.g. Wanshan, Wuchuan, Lanmuchang, and Danzhai, etc.)
and the locations of all Hg mines are shown in Figure 1. The total reserves of cinnabar deposits in
the province reached 80,000 tons of metal Hg and represented 80% of the total in China (Qu,
2004). A long-term of 3000 years Hg mining activities have experienced in Guizhou and introduced

significant quantities of gangues and mine tailings (calcines), which are uncontrolled stockpiled near



the abandoned Hg processing sites and retorts. Between 1949 and early 1990s in the Wanshan Hg
mining areas, for instance, approximately 125.8 million tons of calcines and 20.2 billion cubic me-
ters of Hg-contained exhaust gas had been dispersed into the adjacent ecosystems (Liu, 1998).
The gangue and calcine piles are continuing releasing Hg to the environment, causing serious Hg
contamination. As a result, the crops produced in Hg mining areas contained elevated Hg (Qiu et

al., 2008; Feng et al., 2008), posing health threat to the local inhabitants.

Guizhou is one of the major coal production centers and coal consumers in China. Approximately
80% of total energy consumption in the province resulted from coal combustion (Tan et al., 1997,
2000). Currently, more than 50 million tons of coals were combusted annually for both industrial and
domestic purposes, and most coals were used without cleaning or flue gas controls (Tang et al.,
2007). Due to the special geochemical background, Hg concentrations in coal from Guizhou are
elevated compared to coal produced in other provinces in China (Feng et al., 2002). Therefore, a
large quantity of Hg is released from coal combustion in Guizhou, resulting in Hg contamination to

the ambient air and the local environment.

Guizhou is also an important artisanal Zn smelting center. Large quantities of artisanal Zn smelting
workshops were scattered in northwestern parts of the province (i.e. Hezhang, and Weining). Arti-
sanal Zn smelting using indigenous methods experienced at least hundreds years in Guizhou (Fig-
ure 1). Hg is an important associate element in zinc ores, and during zinc smelting processes a
large quantity of Hg is released to the environment, resulting in serious Hg contamination to the lo-
cal environment (Feng et al., 2004a, 2006; Li et al., 2008).

In addition, Guizhou has a unique State-owned chemical plant, Guizhou Organic Chemical Plant
(GOCP), which used Hg as a catalyst for acetaldehyde production. Drainages released from the
GOCP through direct and/or river discharges contributed to significant Hg contaminations to the lo-
cal ecosystems. The total loss of Hg into environments estimated by the GOCP was about 134.6

tons within 30 years of operation of the company.

Hg pollution problems in Guizhou have drawn a great attention to the scientific communities in Chi-
na and over the world. A number of studies have been diverted to understand the emission, trans-
port, and cycling of Hg in the environment in Guizhou and the health impacts to humans. This paper
is mainly aimed at summarizing the state of art of knowledge on the status of Hg pollution in the en-
vironment in Guizhou, China and the status of Hg pollution in the environment in China has been
reviewed by Jiang et al. (2006) and Wang and Wong (2007).




2. Anthropogenic Hg emissions in Guizhou

Recent estimates of anthropogenic total Hg emissions to the atmosphere in China suggested that
the total anthropogenic Hg emissions in China reached 536 tons in 1999, which constituted about
1/4 of the total emissions over the world (Streets et al., 2005). It is pointed out that Guizhou is one
of the most important Hg emission regions. Contributions estimated from the province ranged be-
tween 22.6 and 55.5 t yr, which was about 6.3-10.3% of current total anthropogenic Hg emissions
in China (Wang et al., 2000; Streets et al., 2005; Wu et al., 2006; Zhang and Wong, 2007).

2.1 Emission from coal combustion

Coal combustion is an important source category of anthropogenic Hg emissions to the atmosphere
worldwide. Guizhou stands out in coal-related Hg emissions primarily due to high Hg contents in
raw coals and numerous combustion facilities without pollution control facilities (Feng et al., 2002;
Tang et al., 2007).

An investigation of 48 crude coal samples collected from 4 coal production centers in Guizhou pro-
vided a high average Hg concentration of 0.53 mg/kg, ranging from 0.10 to 2.67 mg/kg (Feng et al.,
2002). Zhang J. et al. (2004) introduced a wide range of 0.04-10.5 mg/kg Hg in coals from south-
western Guizhou. An extremely high value of 12.1 mg/kg was reported in an anthracite coal sample
from Xingren, in southwestern Guizhou (Dai et al., 2006). Coal Hg contents in Guizhou were higher
compared with other regions in China, which ranged from 0.02 to 0.44 mg/kg on average (Wang et
al., 2000; Streets et al., 2005). High levels of Hg contents in raw coals were predominantly attri-
buted to the high background of Hg in bed rocks in Guizhou, which is in the center of the circum-
Pacific global mercuriferrous belt (Gustin et al., 1999). Since the majority of commercial coal pro-
duced in Guizhou is not washed to remove heavy metal contaminants, Hg contents in commercial

coal should be identical to the crude coal.

Hg emission rates and speciation profiles depend greatly on the combustion and pollution control
techniques employed in the facilities. Statistical data for coal consumption suggested that large-
scale coal-fired power plants, industrial sectors, and domestic users consumed about 30%, 48%,
and 22% of the total coal consumption in Guizhou, respectively. Using a mass balance technique,
Tang et al. (2007) estimated that Hg emission factors of a small industrial coal fired boiler without
and with flue gas desulphurization (FGD) systems was 66% and 26% of total Hg presented in coal,
respectively. Hg emission factors of a large coal-fired power plant with electrostatic precipitators
(ESPs) systems was up to 85% of total Hg presented in coal, which could be decreased to 43% in

the case of FGD systems employed. Those data suggested that 56% of Hg emission from coal




combustion in Guizhou was released as Hg°, 33% as Hg*, and 13% as HgP, respectively, which

were comparable to the estimated values of China by Streets et al. (2005).

Using above-estimated Hg emission factors, Tang et al. (2007) estimated that the annual emission
of total Hg into atmosphere from coal combustion in Guizhou steadily increased from 5.8 t in 1986
to 26.4 t in 2006 (Figure 2). However, Streets et al. (2005) reported an even higher value of 39 t of
total Hg in Guizhou in 1999, with 18.2 of Hg®, 11.1 t of Hg*, and 9.5 t of HgP, respectively. It is ob-
vious that the coal consumption increased significantly with the rapid economic development. With
the implementation of “Go West” policy, more coal fired power plants are planned to be constructed
in Guizhou by 2010, and by then the total coal consumption will be doubled compared to the current
consumption. New regulations in China will force all newly built coal fired power plants to install both

ESP and FGD, which will significantly reduce Hg emission from coal burning (Tang et al., 2007).
2.2 Emission from Zinc smelting

Hg emission from refining of Zn is another important anthropogenic source (Nriagu and Pacyna,
1988; Pai et al., 2000). Most compounds of Hg will be decomposed to Hg® at temperatures greater
than 700-800 °C (Lindqvist, 1986; Schroeder and Jackson, 1985), thus at high temperatures of Zn
smelting (~1000 °C), nearly all of Hg occurring in Zn ores will be converted to Hg® and emitted to

the ambient air with the exhaust gas.

Zinc ores produced in Guizhou contain high Hg concentrations. Feng et al. (2004a) reported an av-
erage Hg concentration of 66.8 mg/kg in sulfide ores from Hezhang. Li et al. (2007) found Hg con-
centrations in carbonate Zn ores from Weining ranged from 1.06 to 87.1 mg/kg, with an average of
13.4 mg/kg, which was similar to the results found in oxide ores from Hezhang (Feng et al., 2004a).
Elevated Hg concentrations in both sulfide Zn ores and oxide Zn ores occurred in those areas were
probably contributed to the high-background Hg concentrations in bedrocks in the circum-Pacific

global mercuriferrous belt.

Using a mass balance method, Feng et al. (2004a) estimated the average Hg emission factors from
artisanal Zn smelting in Hezhang to be 155 and 79 g Hg t-1 of Zn produced from sulfide ores and
oxide ores, respectively. Similar to the emission factor from oxide ores in Hezhang, an average Hg
emission factor from carbonate ores in Weining was 75 g Hg t-1 of Zn produced (Li et al., 2007).
The average Hg emission factor from sulfide ores was almost two times higher than that of oxide
ores. However, compared to the value reported in the literature, which was 25 g Hg t-1 of Zn pro-
duced in developing countries (Nriagu and Pacyna, 1988), Hg emission factors of artisanal Zn

smelting in Hezhang and Weining were significantly higher.




Emission factors of Hg from smelting facilities strongly depend on Hg concentrations in Zn ores and
efficiencies of Hg removal by air pollution control equipments. No pollution devices were applied for
artisanal zinc smelting activities. The amount of Hg remained in bottom ash from combustion cham-
bers was estimated to be less than 5% of total Hg in Zn ores during artisanal Zn smelting processes
(Li et al., 2005).

Using above estimated Hg emission factors, annual Hg emissions from artisanal Zn smelting in
Hezhang from 1989 to 2001 were estimated to be a few metric tons (Figure 3). The maximum an-
nual Hg emission was 7.1 t in 2000, which was comparable to the annual Hg emission from coal
combustion in Guizhou in 1995 (Feng et al., 2002). It highlights that artisanal Zn smelting is an im-

portant regional atmospheric Hg emission source.

2.3 Emission from artisanal Hg mining in Guizhou

Since the beginning of 21st century, all large scale Hg mining activities in Guizhou province have
ceased mainly due to lack of profits for the mining companies. However, the market for Hg demand
has been increasing since China started to restrict importing Hg from Europe and other regions a
few years ago. Consequently Hg prices in the market went up recently, which stimulated the revival

of small scale (artisanal) Hg activities using indigenous methods in Guizhou province.

Especially the artisanal Hg mining activities using indigenous method have extensively existed in
Wuchuan areas, northeastern Guizhou province, China. Wuchuan is one of the most important Hg
production areas in Guizhou province. The large scale mining activities ceased in 2003 because of
the increasing environmental concerns. But small scale smelting activities which are classified as il-
legal and forbidden by the local government are still in operation in this area. The Hg ore (cinnabar)
was crushed and then heated to 700-800 °C to produce Hg vapor that condensed in cooling wood-
en barrel, which contained water (Li P et al.,, 2008). Because the simple smelting processes are
without any environmental protection measures, the Hg emission factors (the proportion of Hg in ore
is released to the ambient air) ranged from 6.9% to 32.1% and the annual Hg emission from arti-
sanal Hg smelting activities was up to 3.7 to 9.6 tons in Wuchuan area (Li et al., 2006).




3 Hg emissions from natural sources in Guizhou
3.1 Emission from Hg enriched soil in Guizhou

In Hg mine areas, soil Hg concentrations are usually elevated by 2-4 orders of magnitude compared
to the national background value of 0.038 mg/kg mainly due to Hg mineralization processes. Hg
emissions from Hg-enriched substrates may, therefore, serve as an important natural emission

source in Guizhou.

A field examination of Hg emissions by Wang et al. (2005) showed that in the Lanmuchang Hg
mines, Southwestern Guizhou, Hg emission from soil was the main source of Hg in the ambient at-
mosphere. An average Hg emission flux of 19.9 mg/m? per year was obtained and within a total
area of ~2.9 km?, the annual Hg emission reached ~3.54 kg Hg, indicating that soil is a strong Hg
emission source to the ambient air. The average Hg emission fluxes from soil in Wanshan Hg mines
ranged from 1.42 to 243.7 mg/m? per year (Wang et al., 2007a), while the average Hg emission flux

reached 1.23 mg/m? per year in Wuchuan Hg mines (Wang et al., 2007b).
3.2 Emission from natural soil

Due to high-Hg levels of geological baseline, natural soils in Guizhou are usually enriched in Hg. In-
situ total gaseous Hg (TGM) exchange fluxes between air and soil surface were intensively meas-
ured in Guiyang and Hongfeng reservoir area (Feng et al.,, 2005; Wang et al., 2004). Results
showed that Hg emission fluxes from natural soil reached 9.64 ug/m? per year, which was almost
one order of magnitude higher than the value used to estimate Hg emission from the soil in the
global mercuriferous belts. The annual Hg emission from natural soil in Guiyang reached 0.41 tons,

which constituted an important atmospheric Hg source in the ambient air of Guiyang.
3.3 Emission from natural water

Hg exchange between air and water surfaces is recognized to be of significance in global biogeo-
chemical cycling of Hg (Lindgvist et al., 1991; Mason et al., 1994). Since the Baihua reservoir was
seriously contaminated with Hg released from the GOCP (Yan et al., 2008), an annual Hg emission
from the reservoir to ambient air is estimated to be 0.75 kg, constituting of 3% of total Hg in water
body of the reservoir (Feng et al., 2004b). The Hg emission from water surfaces of the Baihua re-

servoir is considered to be an important local atmospheric Hg sources.




4. Atmospheric Hg pollution and deposition
4.1 Hg in ambient air

Significant Hg emissions from anthropogenic and natural sources resulted in high levels of atmos-
pheric Hg in Guizhou. An average TGM concentration in ambient air in Guiyang was 11 ng/m? in
1996 and 13 ng/m?in 1999 (Feng et al., 2002). An investigation on TGM distribution in ambient air
in Guiyang from November 2001 to November 2002 showed that an annual average TGM concen-
tration was 8.4 ng/m*, with a seasonal distribution pattern descending from winter, spring, fall to
summer (Feng et al., 2004c). Those values were significantly elevated compared to the global con-
tinental background values of the Northern hemisphere which varied from 1.5 to 2.0 ng/m?
(Schroeder et al., 2001; Ebinghaus et al., 2002a; Lamborg et al., 2002). The seasonal TGM distribu-
tion pattern in Guiyang could be attributed to different amount of coal combustion between cold and

warm seasons.

In Lanmuchang Hg mine, highly elevated TGM concentrations in ambient air varied from 35.2 ng/m®
(7.9-353.8 ng/m®) in cold season to 111.2 ng/m® (12.7-468.0 ng/m®) in warm season (Wang S et al.,
2005). Recently, atmospheric Hg levels in ambient air nearby artisanal smelting retorts in Wuchuan
exhibited values of 17.8-1101.8 ng/m® (Wang S et al., 2007a). The highest value of 12,222 ng/m?
was measured at an artisanal Hg smelting site at the prevailing wind direction. Even at considerable
distance of 5-10 km in a downwind direction from the smelting retorts, high air Hg levels of 50.5-
56.3 ng/m* were observed as well. A significant correlation (R?=0.98) between air Hg concentra-
tions and distances from artisanal Hg smelting sites were observed (Wang S et al., 2007b), and the
study indicated that air Hg concentrations decreased exponentially with distance between sampling

sites and Hg smelting areas.

Air Hg concentrations in Hg mines were much elevated by 2-4 orders of magnitude compared to the
values observed in pristine areas in Europe and North America, which was 1.5-2 ng/m® (Ebinghaus
et al., 2002b; Poissant et al., 2005).

Znic smelting process also resulted in high concentrations of Hg in the ambient air. A study con-
ducted in Weining exhibited a high average air concentration of TGM of 124 ng/m® on an average of

24 measurements around a Zinc smelting workshop (Li G et al., 2007).




4.2 Hg deposition

Large Hg emissions can lead to marked Hg depositions (Carpi, 1997; Nadim et al., 2001). Using
moss bag technique, Hg deposition fluxes in Guizhou were investigated (Xiao et al., 1998; Tan et
al., 2000). Total annual depositions ranged from 336 to 2340 pg/m? and the annual wet deposition
ranged from 144 to 1404 pg/m?. The highest annual total Hg deposition of 2340 ug/m? was as much
as 42 times of the deposition flux measured at a reference site (Tan et al., 2000). Xiao et al. (1998)
reported that the annual total Hg deposition to Fanjing Mountain Nature Reserve was 115 pg/m?, of
which the dry deposition was of >50%. Recently, annual wet deposition fluxes of total Hg from five
monitoring sites in rural areas of Guizhou were reported to be 34.7 pg/m? in 2006 (Guo et al., 2008).
Those data in Guizhou were much higher than the value of 9.3 ug/m?a reported in North America
(NADP, 2007).

An investigation on the precipitation showed that total Hg concentrations in rain ranged from 10.3 to
90.6 ng/L with an average of 33 ng/L in Guiyang in 1996 (Feng et al., 2002). Similar results were
found in 2006, which ranged from 7.5 to 149.1 ng/L with an average of 49.2 ng/L (Guo et al., 2008).
Since Guiyang is impacted by acid rain caused by coal combustion (Shen et al., 1993), high levels

of Hg in precipitation could be contributed to the Hg emission from coal combustion in the region.

5. Hg contamination to the environment from anthropogenic activities
5.1 Hg contamination from zinc smelting

In Hezhang, top soils were sampled along a valley from upwind direction of the artisanal zinc smelt-
ing workshops to the downwind direction. It is shown that total Hg concentrations in top soils de-
creased exponentially with the distance from Zn smelting areas, and dropped dramatically at up-
wind direction (Feng et al., 2006). This indicated that contaminations of Hg in top soils were mainly

derived from the deposition of atmospheric Hg emitted from Zn smelting.

Local surface waters were also seriously contaminated with Hg due to Zn smelting. An average total
Hg concentration in surface water in Hezhang reached 138 ng/L and was higher than the values
observed in local springs and wells (Feng et al., 2004a). Apart from the deposition of Hg species
that emitted from Zn smelting, smelting residues were also the primary source of Hg contamination

to the surface water systems.




5.2 Hg contamination from cinnabar mining

Although large-scale state owned Hg mining activities were completely shut down in 2004, large
guantities of illegal artisanal Hg mining activities are still operating in Wuchuan. Long-terms of Hg
mining and the artisanal Hg mining activities resulted in significant quantities of piles and spoil
heaps of calcines, which are dumped in stream banks and flood plains and are continuing to impact

the local environments.

5.2.1 Hg levels in mine tailings (calcines)

High concentrations of total Hg in mine tailings, up to 4400 mg/kg, were observed in Wanshan (Qiu
et al., 2005). Results from leaching experiments on calcines identified the existence of soluble reac-
tive Hg compounds (Li P et al., 2008a), suggesting that the introduction of Hg-contaminated tailing
materials into river systems could release Hg species (i.e. soluble reactive Hg) to water. Studies
showed that Hg phases in calcines, which usually include elemental Hg, metacinnabar, and Hg sul-
fates and chlorides (Kim et al., 2000; 2004), mainly depend on the efficiency of roasting techniques
(Gray et al., 2002, 2003, 2004).

MeHg concentrations in calcines ranged from 0.17 to 3.9 pg/kg (Qiu et al., 2005, 2006a). Those da-
ta were comparable to the values reported in the Palawan Quicksilver Mine (Gray et al., 2003), but
were 10-1000 times lower than the levels of 96-3100 pg/kg found in Nevada and Almadén (Gray et
al., 2002, 2004). Qiu et al. (2005) concluded that low MeHg in calcines in Guizhou might be linked

with the low microbial activities during sampling campaign in winter.

As both speciation and mobility of Hg in tailing materials are mostly unknown, determining solid
phase Hg binding forms and aqueous phase Hg mobility in tailings is essential to estimate the po-

tential for Hg transformation processes and to evaluate the environmental risks.

5.2.2 Hg levels in soil

Mining operations severely enhanced the mobilization of Hg through the smelting activities and the
depositions of mine tailings and thus resulted in elevated Hg levels in soils. Hg concentrations in
soils from Hg mines varied in wide ranges from background levels to several hundreds mg/kg. At
the Wanshan Hg mine, Hg concentrations in surface soils could be as much as 790 mg/kg (Qiu et
al. 2005). At a site of 24 km downstream from the Wuchuan mine, soils alongside river banks were

still heavily contaminated with Hg and Hg concentration reached 24 mg/kg (Qiu et al., 2006a).




The distribution of Hg in a soil profile impacted by a large scale Hg smelter was investigated in Wu-
chuan by Qiu et al. (2006a). Results showed that total Hg concentrations were the highest in the
surface soil, ranging from 6.5 to 17 mg/kg, and decreased to a low level of 0.48 mg/kg at a depth of
45 cm. This indicated that Hg species deposited onto the soil surface can be transported downward

so that anomalous Hg values can extend to depths of about 50 cm.

Elevated MeHg levels as high as 23 pg/kg in soil was found in Wanshan (Horvat et al., 2003). Simi-
lar results were reported in soils from Wuchuan, which ranged from 0.69 to 20 pg/kg (Qiu et al.,
2006a). However, studies showed that MeHg concentrations in rice paddies were usually higher
than those of cornfields (Qiu et al., 2005, 2006a) due to its favorable environment for methylation of
Hg (Hines et al., 1999). Hg contaminated irrigating water and the anaerobic conditions most likely
contributed to the high concentrations of MeHg in rice paddies. High levels of MeHg in paddies may

result in MeHg exposure to humans through the food chain.

Although soils from Hg mining areas have elevated levels of MeHg, no significant correlation be-
tween MeHg and total Hg were found as shown in Figure 4. However, ratios of MeHg to total Hg
were lower in Hg mining areas compared to the background sites in un-mineralized areas. This
might be because an enzyme-catalyzed microbial demethylation reaction breaks the Hg-C bond to
produce Hg(ll) and CH, (Summers, 1986), thus preventing high concentrations of MeHg from ac-

cumulating in these soils (Hines et al., 1999).

5.2.3 Hg levels in surface water

Total Hg concentrations in surface water emanating from calcines in Wanshan were reported to be
up to 10,580 ng/L (Horvat et al., 2003). Concentrations of total Hg in surface water collected from
Wanshan, Lanmuchang and Wuchuan varied from 24.8 to 7020 ng/L (Feng et al., 2003; Qiu et al.,
2006a, b). A geochemical study showed that the drainages from calcines piles had pH value of
10.6-11.8, containing high dissolved Hg concentrations of 300-1900 ng/L (Zhang G. et al., 2004).
This indicated that the reaction between water and calcines increased the concentrations of Hg in
mine drainage and was an important process, which controls the release and transport of Hg from

mining sites into the streams.

A positive correlation between total Hg and suspended substances in surface water samples was
shown in Figure 5. This suggested that Hg associated with particulate material was an important
vector for Hg migration from the abandoned Hg mine sites (Horvat et al., 2003; Qiu et al., 2006a, b).
In temperate climates, the source of mass loading was from Hg mine tailings and the transport of

Hg from mining sites occurred primarily in particulate forms (Qiu et al., 2006a). Besides the atmos-




pheric Hg deposition and the influx of soil-derived Hg, most of Hg found in streams is attributed to
the erosion of tailings material. Hence, the secondary sources of the toxic forms of Hg can be

transported to great distances from the original sources.

The fate of Hg transported downstream is controlled primarily by the biogeochemical conditions
which affect the mobility of Hg. Studies revealed that the high concentrations of MeHg in down-
stream watersheds were associated with significant quantities of inorganic Hg emitted from those
abandoned Hg mines (Horvat et al., 2003; Qiu et al., 2006a). The relationship between total MeHg
and dissolved MeHg in surface water was shown in Figure 6. This significant positive correlation in-
dicated that the dissolved fraction dominated MeHg levels in stream waters from the Hg mining

areas.

Hg concentrations in waters in Hg mining areas were much higher than those found in other aquatic
systems that had been investigated in other parts of Guizhou (Jiang et al., 2004; Hou et al., 2004;
He et al., 2006). Aquatic systems are of great interest due to the possibility of Hg transformation
and accumulation in the food chain. Moreover, these contaminated stream waters are used by the
local farmers to irrigate the rice paddy fields, which could result in further Hg contamination to soil
compartment. The chemical speciation, fractionation and availability of Hg in sediments could be

useful to understand the fate of Hg within the systems and thus need to be investigated.

5.2.4 Hg levels in plants

Only a few studies were conducted to evaluate the environmental impacts and the potential hazards
related to Hg contamination in plants (Table 1). In Hg mining areas, a significant amount of Hg can
be concentrated in the foliar portion of the plants, which confirmed the Hg uptake of plants via ab-
sorption of atmospheric Hg by leaves (Ericksen et al., 2003). Levels of Hg up to 18 mg/kg occurred
in green cabbages (B. oleracea) grown in Hg-contaminated soils in Lanmuchuang Hg mining area
(Qiu et al., 2006b), where atmospheric Hg concentrations were elevated mainly due to Hg emis-
sions from Hg enriched soil (Wang et al., 2005).

Moss obtaining nutrients through atmospheric route can be used as a bio-indicator of air pollution of
Hg (Carpi et al., 1994; Calasans and Malm, 1997; Fernandez et al., 2000). A significant amount of
Hg can be concentrated in mosses in Hg mining areas, reaching up to 95 mg/kg (Qiu et al., 2005; Li
P et al., 2008b). Qiu et al. (2005) clearly demonstrated that a significantly positive correlation be-
tween atmospheric Hg concentrations and total Hg concentrations in moss. The elevation of Hg
concentrations in moss samples collected in Wanshan and Wuchuan Hg mining areas indicated

that Hg mining activities have resulted in serious Hg contamination to the ambient air.




Though inorganic Hg species predominated in most of Hg-enriched plants, high levels of MeHg in
rice (Oryza sativa L.) grown in Hg mining areas were reported (Horvat et al., 2003; Feng et al.,
2008; Qiu et al., 2006a, 2008). It is demonstrated that total Hg concentrations in almost all agricul-
ture crops exceeded the national guidance limit for foodstuff other than fish that is 20 ug/kg for food
and 10ug/kg for vegetables recommended by the Chinese National Standard Agency (Feng et al.,
2008). However, it is clearly demonstrated that only rice could assimilate and accumulate MeHg in
its edible portion in a high level, and MeHg concentration in rice can be as high as 174 ug/kg (Qiu et
al., 2008). The Hg contaminated water (Horvat et al., 2003; Feng et al., 2003) for irrigation the soil
and the anaerobic conditions created by the seasonal flooding during rice growing period may con-
tribute to the high methylation ability in paddy soils. Qiu et al. (2005) observed MeHg concentrations
in soil samples from rice paddy field were generally higher than those in cornfield in Wanshan Hg
mining area. However, the mechanism of rice tissue to uptake MeHg probably through its roots is

still unclear.

5.3 Hg contamination from the GOCP and other plants

The GOCP, which used Hg-based technology till 1997, is located at the upper reaches of the Bai-
hua reservoir. The GOCP went into operation in 1980, and about 160 tons of Hg had been con-
sumed since then. From 1980 to 1985, drainages from the GOCP were directly discharged to the
environment without any treatment, which seriously contaminated the surrounding environments

with Hg, especially the Baihua reservoir.

High average concentrations of total Hg in water samples from the Baihua reservoir were found up
to 73.4 ng/L (Yan et al., 2005). Data reported by Yan et al. (2008) showed that the highest total Hg
concentration of 39 mg/kg in sediments was obtained in the upstream of the Baihua reservoir, which
is located immediately downstream of the GOCP. However, high Hg concentrations and strong var-
iations with depth were observed in the sediment cores collected in a downstream part of the Bai-
hua reservoir. Two strong peaks could be distinguished at 14 cm and 22 cm in the sediment cores,
respectively. In more recent sediments, however, concentrations of Hg decreased toward surface of
the sediment, which corresponding the reducing discharging Hg from the company. The study testi-

fied an exceedingly high Hg level in the historical records provided by sediment cores.

Yasuda et al. (2004) demonstrated that the paddy fields downstream of GOCP receiving the waste
water from GOCP were seriously contaminated with Hg. The average total Hg concentration was
15.73 £ 42.98 mg/kg, which were significantly elevated compared to the average value of 0.11 +
0.05 mg/kg in the control area nearby (Yasuda et al., 2004). Horvat et al. (2003) reported that Hg

concentrations in soil in Quingzhen is the highest close to the GOCP but the levels reached back-




ground concentrations at a distance of several km. Even though the major source of Hg in this area
is inorganic Hg. It was observed that active transformation of inorganic Hg to organic Hg species
(MeHg) takes place in water, sediments and soils. The concentration of Hg in rice grains can reach
up to 87.8 pg/kg of total Hg of which 41.4 pg/kg was in MeHg form, and the percentage of Hg as
MeHg varied from 32.9 to 52.8% (Horvat et al., 2003).

Recently, an investigation on the spatial and temporal distribution of MeHg in the Hongfeng reser-
voir, which was impact by a coal-fire power plant, showed that MeHg concentrations significantly in-
creased from 0.053 to 0.92 ng/L in hypolimnion in summer season, suggesting strong MeHg pro-
ductions in water column. The outflow of reservoir was rich in MeHg, which was 5.5 times higher
than those of the inflow (He et al., 2006, 2008). This study indicated that MeHg-enriched water from
the anoxic hypolimnia in the reservoir can be a potential MeHg contamination source to the down-

stream ecosystems.

6. Hg exposure pathways and human health risk

The human health risk assessment of Hg exposure in Hg mining areas was conducted by several
studies. In Wuchuan, the average hair total Hg and MeHg for smelting workers were 69.3 and 2.32
mg/kg, respectively, and were significantly higher than those in a control group, which were 0.78
mg/kg for total Hg and 0.65 mg/kg for MeHq, respectively. (Li P et al., 2008c). Urinary Hg levels
ranged from 22.6 to 4577 mg/kg creatinine for the exposed workers and from 1.0 to 17.4 mg/kg
creatinine for the unexposed subjects (Sakamoto et al., 2007; Li P et al., 2008c). Total Hg concen-
trations in urine and hair showed a significant correlation in the exposed group (r=0.62), indicating
an adhesion of Hg vapor to hair (Sakamoto et al., 2007). Total tremor intensity and frequency-
specific tremor intensities at 1-6 and 10-14 Hz of the exposed workers were significantly higher than
the unexposed subjects (Iwata et al., 2007). Studies clearly demonstrated that symptoms included
finger and eyelid tremor, gingivitis and typical dark-line on gums were observed in six workers (Li P
et al., 2008). These indicated that physical impairments were occurred and the workers were heavi-

ly exposed to Hg vapor during the process of cinnabar roasting.

Feng et al. (2008) reported that concentrations of total Hg and MeHg in hair samples collected from
residents from three villages in Wanshan Hg mining area ranged from 0.6 to 58.5 mg/kg and 0.2 to
5.6 mg/kg, respectively. However, hair Hg levels in samples from a control site were quite low, rang-
ing from 0.32 to 1.7 mg/kg in total Hg and 0.26 to 1.1 mg/kg in MeHg, respectively. As mentioned
above, MeHg tends to accumulate in rice, which is a staple food for the local residents, and MeHg-
contaminated rice consumption could represent a social and economic problem. Recent experi-

ments on rats’ 20-day exposure to rice from Wanshan revealed an inducible lipid peroxidation in




rat’'s brain, liver, and kidney tissue, exhibiting an increase of c-jun mRNA (Cheng et al., 2005,
2006). A study of 98 persons from Wanshan showed a significant correlation (r=0.65, p<0.01) be-
tween hair MeHg concentrations and daily MeHg intake through rice consumption (Feng et al.,
2008). Official statistical data showed that for the rural populations in Guizhou, the amount of fish
and rice consumed per person per year varied from 0.22 to 0.31 kg, and from 140 to 153 kg, re-
spectively (Bureau, 2006). Hence, rice provides more caloric input than fish and other single food.
This indicated that rice is an important MeHg exposure route for residents in Wanshan and the main
human exposure to MeHg via food consumption is rice rather than fish. Generally, the inhabitants in
Wanshan Hg mining area are exposed to Me-Hg to a certain level. However, they are not under a
serious health risk. Hair MeHg concentrations of the inhabitants in Wanshan Hg mining area were
much lower than the thresholds for onset of neurological symptoms in human body recommended
both by WHO (1990) and National Research Council (2000). Nevertheless, some female partici-
pants may exceed the tolerable intake levels of MeHg for pregnant women established by US EPA
(1997b). Thus, rice intake in Hg mining areas in Guizhou may pose a health-risk of MeHg exposure

to local habitants.

7. Summary

Coal combustion and metals smelting (i.e. Hg and Zn smelting) were two key sources for Hg pollu-
tion in environments in Guizhou. High values of Hg deposition fluxes were found even in rural areas
in the province. Residents in the vicinity of smelting areas could be exposed to high levels of Hg va-
por through the inhalation due to high levels of Hg vapor in the ambient air. In Hg mining areas, rice
consumption is a main exposure pathway of MeHg to the local populations. Though a number of
studies are summarized in an effort to understand Hg pollution status in Guizhou, these studies
showed an important knowledge gap concerning identification and quantification of Hg compounds,
which are known to be dominant components of Hg chemistry (Ullrich et al., 2001). In addition, an
accurate assessment of molecular-level speciation of Hg contained in environmental compartments,
which is a main parameter governing Hg mobility, toxicity, and bioavailability (Brown et al., 1999), is
necessary to determine for the remediation actions that should be taken. There is also an urgent
need for the better understanding of the fate of Hg in the atmosphere, as well as in aquatic ecosys-
tems. Moreover, long-term effects of consuming MeHg-contaminated rice should be scrutinized to

assess the risk of human exposures.
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Table 1: Total Hg and MeHg concentrations in plant samples collected from Guizhou Hg mining

areas
Sample types THg (mg/kg) MeHg (ug/kg) Sources

Min Max Mean Min Max Mean
Moss 0.98 95 16 0.19 20 4.0 Qiu et al., 2005

2.1 182 39 Li P et al., 2008b
Rice 0.0091 0.55 0.159 4.2 18 11.2 Qiu et al., 2006a,

2008

0.019 1.12 0.228 1.6 174 22.8

0.011 0.57 0.149 8.0 144 38.8 Horvat et al., 2003

0.010 0.19 3.3 27.6 Feng et al., 2008

0.133 Cheng et al., 2006

Corn 0.065

0.089 0.57 0.20 0.28 1.3 0.71 Qiu et al., 2006a,b
Tobacco 0.20 0.76 0.48 0.83 19 1.4
Cole 0.47 0.69 0.57 0.57 0.83 0.71
Cabbage 0.12 18 2.5 0.65 55 3.2
Potato 0.018 Cheng et al., 2006
Capsicum 0.18




Figure 1. Map of Guizhou and typical anthropogenic Hg emission sources
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Figure 2. Mercury emission from coal combustion in Guizhou from 1986 to 2006 (Data from
Tang et al., 2007)




8000 -

7000 -

6000 -

5000 -

4000 -

Emissions/kg

3000 -

2000 -

1000 4

0

=) N NS A% oe) A\ Q) o N S ) N ~
S N N N N N N N ) N N S IN)
£ 9§ 9 ¢ 9 g 9 9 9 g 9§ 9§

Figure 3. Mercury emission from the primitive Zn smelting of 1989-2001 in Hezhang County
(Data from Feng et al., 2002)

25
°*
*
20
=)
4
> 15 *
=
(@]
é s
10
*
.
5 . * N R
* ¢ ,’ o ® o ¢
o . * *
¥t
0 3 | | | | 1 \‘ =
0 100 200 300 400 500 600 700 800 900

Total Hg (mg/kg)

Figure 4. The relationship between total Hg and MeHg in surface soils from Guizhou Hg
mines (Data from Horvat et al., 2003; Qiu et al., 2005, 2006b).
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Figure 5. The relationship between total Hg and suspended substances in surface waters
from Guizhou Hg mines (Data from Qiu et al., 2006a,b)
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Figure 6. The relationship between total MeHg and dissolved MeHg in surface waters from
Guizhou Hg mines (Data from Qiu et al., 2006a).




Risk Assessment and Risk Management of Harmful Substances for the
soil-human health pathway in the Framework of the German Federal Soil
Protection Ordinance — Mercury as an Example

Andreas Zeddel
Landesamt fur Natur und Umwelt des Landes SH, Germany
Introduction

The German Federal soil protection ordinance comprises Trigger Values for the exposure-pathways
soil-to-human, soil-to-groundwater and soil-to-edible plant to identify “harmful changes in soil func-
tions”. Trigger Values are applied to risk assessment in the exploratory investigation phase in order
to diagnose the needs for further investigations. Because of the hazard-based nature of these val-
ues — especially for the soil-to-human-pathway — they can release remediation measures in certain
cases. The derivation of these values is well documented and the chosen exposure scenarios are
as realistic as possible concerning the ‘worst case’. Using mercury as an example the derivation of
trigger values for the soil-to-human pathway as well as the underlying conventions will be pre-

sented.
Principles of risk assessment

According to Article 1 of the German Federal Soil Protection Act (BBodSchG, see (1)), the purpose
of the Act is to protect or restore the functions of the soil on a permanent sustainable basis. These
actions shall include prevention of harmful soil changes (to the soil), rehabilitation of the soil, of con-

taminated sites and of waters contaminated by such sites.

Harmful soil changes (to the soil) within the meaning of this Act are harmful impacts on soil func-
tions that are able to bring about hazards, considerable disadvantages or considerable nuisances
for individuals or the general public. To identify these hazards for soil functions, the German Federal
soil protection ordinance (BBodSchV, see (2)) comprises Trigger Values or Action Values for the
exposure-pathways soil-to-human, soil-to-groundwater and soil-to-edible plant.

Trigger values were used especially for assessment of suspect (contaminated) sites in the explora-
tory investigation phase. If these values are exceeded, more investigations (detailed investigation
phase) with respect to the individual case in question are required, taking the relevant soil use into

account, to determine whether a harmful soil change or site contamination exists.




If Action Values for impacts or pollution are exceeded (in the exploratory or detailed investigation
phase), it normally gives signal to the presence of a harmful soil change or site contamination, tak-

ing the relevant soil use into account - normally measures are required.

It has to be mentioned, that Trigger Values as well as Action Values are of ‘hazard-based nature’.
That means, that all circumstances account for a sufficient possibility of a damage — not only a
slight possibility. In the exploratory investigation phase these circumstances are not well known,

therefore realistically worst-case assumptions were taken.

It is the aim of an exploratory investigation — done by the competent authority — to identify possible
hazards and to order detailed investigations (or other measures) by the party who caused a (possi-
ble) harmful soil change. Therefore decision making has to be provable to a court in case of a clash

between the competent authority and the polluter.

If the detailed investigation confirms all assumed circumstances in the individual case, contaminant

concentrations in soil above the Trigger Values can release remediation measures.

Soil-human health pathway - using Mercury as an Example

Trigger levels in the case of soil-to-human-pathway are related to the use of the respective site. The
decision whether the soil contamination implies a hazard (or does not) has to take into account, how
the site is actually used and what future use can reasonably be expected. The Trigger Values of Ar-

senic and heavy metals for four usages are shown in figure 1:

Trigger values [mg/kg TM]

Substance Playgrounds | Residential Parks and recreational Land used for

areas facilities industrial and

commercial purposes

Arsenic 25 50 125 140
Lead 200 400 1,000 2.000
Cadmium 10" 20V 50 60
Cyanides 50 50 50 100
Chromium 200 400 1.000 1.000
Nickel 70 140 350 900
Mercury 10 20 50 80

1) In back gardens and small gardens where children stay and food plants are grown, the trigger value 2.0 mg/kg TM

must be applied in the case of cadmium.




The derivation of these values was describes in detail in 1999: “Promulgation of Methods and Stan-
dards for Derivation of Trigger Values and Action Values according to the Federal Ordinance on
Soil Protection and Contaminated Sites” (BAnz. 18 June 1999).

The principles and the proceeding are shown in figure 2 with the ‘calculating-scales’:

The proceeding and the concretisation for mercury presented here were published in 1999 o

Assessment standards for human toxicology

The starting point in derivation of trigger-values for the soil-to-human pathway is the tolerable re-

sorbed doses (TRD) achieved from experimental or epidemiological data.

From short time and chronic exposure LOAEL (lowest observed adverse effect level) or NOAEL (no

observed adverse effect level) are derivated for inhalativ, oral and dermal intake.

Wherever possible, derivation is based on reliable human data that have been reported in detail.
Where such data are not available, data from animal experiments are used and extrapolated, using

certain factors (SF), to sensitive persons (groups of persons, figure 3).

D G. Bachmann et al., 1999: ,Berechnung von Prufwerten zur Bewertung
von Altlasten”, special edition of the compendium ,Bodenschutz, Erich
Schmidt Verlag, Berlin; see: http://esv.info/id/350305825/katalog.html




In general, safety factors should be replaced with better assessments, whenever the relevant infor-

mation for this is available — this was done in the case of mercury as seen later.
Mercury as an Example:

The crazy ,Mad Hatter' of Lewis Carroll's ,Alice in Wonderland”
(1865) is becoming widely associated with the effects of Mercury
on behaviour as well as physiology. Mercury was used to process
the felt hats used in England around Lewis' time. Erratic, flam-
boyant behaviour was one of the most evident alterations caused
by mercury. Others included excessive drooling, mood swings, var-
ious debilities. The phrase 'mad as a hatter' had been in common
use already in 1837! Hatters had used mercury nitrate (Hg(NOs),)

for washing animal furs (3). Picture and left text was taken from (3)

Due to different toxicities, inorganic (especially HgCl,) and organic (especially Methyl-Hg) mercury-

species are discriminated.

The severity of mercury's toxic effects depends on the form and concentration of mercury and the
route of exposure. Exposure to elemental mercury can result in effects on the nervous system, in-
cluding tremor, memory loss and headaches. Other symptoms include bronchitis, weight loss, fati-
gue, gastro-intestinal problems, gingivitis, excitability, thyroid enlargement, unstable pulse, and tox-

icity to the kidneys.




Exposure to inorganic mercury can affect the kidneys, causing immune-mediated kidney toxicity. Ef-
fects may also include tremors, loss of coordination, slower physical and mental responses, gastric

pain, vomiting, bloody diarrhea and gingivitis (4).

The following calculations for the TRD-value for inorganic mercury — distinguished in inhalativ and

oral intake as well as acute and chronic effects — were done:




Regarding Methyl Mercury only oral ingestion is practical relevant.

The Symptoms of methyl mercury toxicity, also known as Minamata disease,

- the poisoning caused an outbreak of nervous disorders and deaths from the 1950’s to the 1970's
- range from tingling of the skin, numbness, lack of muscle coordination, tremor, tunnel vision, loss
of hearing, slurred speech, skin rashes, abnormal behaviour, intellectual

impairment, to cerebral palsy, coma and death, depending on the level of exposure.

Teratogenic effects are the most sensitive effects on humans: A disastrous epidemic of methyl mer-
cury poisoning occurred in rural Iraq early in 1972, due to the ingestion of home-made bread pre-
pared from wheat treated with a methyl mercury fungicide. About 6000 cases of mercury poisoning
were diagnosed. Over 500 cases were fatal. A dose-response relationship was determined, indicat-
ing that exposures in the range of 10 to 20 pg/g in the maternal hair might adversely affect the foe-
tus (5 % risk). The corresponding body-dose per day was 0,7-1,4 pg/(kg *d) (60 kg weight; pg/(kg
*d) was also written as pg/kg *d):

In comparision: the WHO has derivated a TRD of 0,4 ug/kg*d in 1972; WHO (JECFA) 2004 lowered
this value to 0,2 pg/kg*d (from PTWI 0,096 mg/w). The values from other organisations are in the
range of the hazards-oriented dose (‘GD’) — see the following chapter!




Hazard factor

The hazards concept within the meaning of the Federal Soil Protection Act is only correlated with
the sufficient probability of an adverse effect and not with the certain occurrence of the hazard. The
hazards-oriented dose (‘GD’) lies between the NOAEL, and the LOAELg (see figure 3). For sensi-
tive individuals, the hazards orientation would be set between "unlikely" (NOAEL,) and "very likely"
(LOAELg), and sometimes at a level of "sufficiently likely". To determine the hazards-oriented
dose, an interpolation must be carried out that begins with the NOAEL, or TRD value and leads to
a result that is considerably smaller than the LOAELg and that, if possible, corresponds to the
presumed LOAEL..

A meaningful and plausible result for a hazards-oriented dose is obtained by multiplying the TRD
value with the appropriate geometric mean of the human-relevant safety factors (SF) that have

been used to extrapolate the TRD value.
Mercury as an Example:

In this manner the TRD-value - oral - for organic mercury of 50 ng/(kg*d) was derived from a
LOAEL of 700 ng/(kg*d). A safety-factor for the extrapolation of a NOAEL from the LOAEL (SF,=5)
and a safety-factor for especially sensitive persons (SF4=3) are chosen in this case. The hazard-
factor was achieved by building a geometrical mean of these safety-factors: SQR(5*3)=3,9. The re-

sulting hazard-based body dose is therefore 195 ng/(kg*d).

Comparing all calculations and taking into account the different resorption-factors of each mercury
species it can be seen, that the chronic oral intake of methyl mercury was the most sensitive effect

caused by all mercury species.

TRD SF Hazard GD Resorption Jhazards-oriented-
Hg species effect [ng/(kg*d)]| (SF a,b,c,d) factor J[ng/(kg*d)] [%6] received dose
[ng/(kg*d)]
Inorganic acut 60 40 (1,10,2,2) 6.3 1460 80 % 1825
Inhalative chronic 30 50 (1,5,1,10) 7.1 210 80 % 260
Inorganic acut 110 200 (1,10,10,2) 14.1 1550 7% 22140
oral chronic 15 200 (10,1,10,2) 4.5 70 7% 1000
Organic acut 80 50 (1,1,5,10) 7.1 570 100 % 570
oral chronic 50 15(1,5,1,3) 3.9 200 100 % 200

100



Exposure assessment

Conventions about the exposure of men, especially children, to contaminated soil are the second
stand for calculation trigger-values. E.g. a soil incorporation rate of 33 mg soil/ kg*d for children on

playgrounds was derived from the following assumptions:

Daily Intake Rates:

» children’s playgrounds: 10 kg body weight
0.5 g/d soil ingestion
0.625 m/h respiration
frequency: 240 d/year (2 h/d)
> daily ingestion rate : 33 mg/ kg BW * d
daily inhalation rate: 0.082 mg/ kg BW * d

-
» residential areas: > daily ingestion rate : 16.5 ma/ kg * d
(factor 1/2) > daily inhalation rate: 0.041 mag/ kg BW * d

» parks and recreation: =2 daily ingestion rate : 6.6 mg/ ka * d
(factor 1/5) > daily inhalation rate: 0.016 mg/ kg BW * d
» industrial areas: working time: 8 h/d, 5d/w, 45w/y, 40a

reduction through wetness, factor: 1/3

More information about exposure factors can be found in (3).

It is to clarify, if these assumptions are appropriate to China.

Background exposure to mercury

To receive a trigger-value, information about the background exposure by food, drinking water and
air is necessary. If no other information is available, a conventionary contingent of 80 % of the TRD

was chosen, that is ‘filled’ by this background.

The background exposure on mercury in Germany by oral ingestion was assessed to 30-300
ng/(kg*d). As a worst case assumption the total mercury intake was assumed to be methyl mercury.
Data from 47 children in Germany - Duisburg about dietary Hg-intake (1994) have a range from
3.9 - 141.5 ng/(kg*d); 90 % of the collective is below 27.5 ng/(kg*d) (=*90. Percil”). The TRD of 50
ng/(kg*d) is filled up to 60-600 % by food; therefore no better assumption about background expo-
sure is possible and a contingent of 80 % of the TRD by the (especially food) background was cho-

sen in the case of mercury too.

Trigger Values for inhalative and oral intake

From these data a primary trigger-value for (organic, oral) mercury was calculated — e.g. for children

oral uptake on playgrounds:
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hazards oriented body dose

Test threshold [mg/kg]

soil ingestion rate

received dose » (hazard factor Fig) — std. value background )

soil ingestion rate

received dose { i g } . (.Fcesr ) 0-8)
g e "

13 mg
kged With precise data:
TV Hg-inorganic: = 24 mg/k
&nora 0,07 ) * 33 IHe
: 50 *(3,9-0,8
received dose = TV Hg-organic: = (* ) = 4,7 mg/kg
TRD,,, / Resorption,,, 1 33 I

Plausibility checks

Mercury species can be trans-
formed in various media — see fig-
ure on the right from source (4).

In (some) soil methylation of inor-

ganic mercury is possible!

Keeping in mind the ratio of inor-
ganic and organic mercury in
‘worst case’ of approx. 1: 1,

the Hg Trigger Value was fixed
with 10 mg/kg for playgrounds.

Trigger Values for all other usages
with ingestion are derivated in the

same manner (s. figure 1).

Next plausibility check is comparing the derivated values with the soil background in Germany. Data
from the Federal States of Germany (LABO 1995) shows that the 90. percentils of the Federal
States are in a range of 0,08 - 1,58 mg/kg. These data indicate, that there is no conflict with the

lowest derivated Trigger Value of 10 mg/kg for playgrounds.
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Biomonitoring informations were checked for disagreement with the assessment standards for hu-
man toxicology. The corresponding Hg soil concentrations in the regarded area are about 10-50

mg/kg and shows:

All investigations of urine are without attracting attention
90 % of all blood investigations are without attracting attention
Maximum content of mercury in blood : 24,8 ug/l (~ ca. 20 pg/d)

Correlation between the content of mercury in blood and soil was not investigated.

E & F & F

For the real exposure apparently the pathway ‘in-door contamination’-human health plays the
dominant part! But no quantification of this pathway was possible, due to the very individual

contamination (and cleaning) procedures in-door.

Trigger Value for land used for industrial and commercial facilities

The exposure scenario for this usage assumes that only an inhalativ intake of soil dust by workers
is relevant. Since the basic toxicological data are oriented to permanent exposure (24 hours/day,
365 days/year), while exposure in industrial and commercial facilities takes place only during work-
ing hours, a weighting factor is introduced. This factor expresses the relationship between hours per
year and hours of presence per year in contaminated industrial and commercial facilities. The fol-
lowing assumptions were made:

% Working time: 8 hours/day on 5 days/week and 45 weeks/year,
% Soil moisture and other factors reduce the exposure to dust to 1/3 of the year.

The exposure duration (D) is therefore calculated with 600 h/a and a weighting factor Z is then ob-
tained as follows: Z = 365 d/a x 24 h/d : 600 h/a = 14.6. The concentration factor (A) for pollutants in

the soil's fine-grain fraction is set at 5 for anorganic substances.

Mercury as an Example: The Calculation for inorganic mercury in detail:

TRD — anal. conc. ¢ \F,._., — background )e weighting factor Z
Test threshold [mg/kg] = : * Vo) ground Je weighting

dust concentration e concentration factor A

IRD — anal. conc. l:”g; ] . (‘F;ng.“l S O.S_)o 14.6

m

me
032525 ¢ 4
m-

131 *(7,1-0,8)*"14,6
0,0325*5

TV HYinorganic: = = 7429 mg/kg
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The calculated Trigger Value exceeds the Trigger Values of 10 — 20 — 50 mg/kg for playgrounds,

residential areas and parks by far!

A difference is assumed to be justified if it is assured that compliance with Trigger Values for indus-
trial and commercial facilities will not result in secondary pollution on surrounding areas (diffuse run-

off or blowing of soil material or by mudslides).

A Trigger Value of 80 mg/kg was chosen to get a justified difference in this case.

Exceeding trigger values: options for detailed investigations

According the BBodSchG exceeding Trigger Values shall mean that investigation with respect to

the individual case in question is required.

In case of land used for industrial and commercial facilities the mentioned risk for surrounding areas

is to be verified by the real usages; otherwise the calculated value is suitable.
Next the assumed ratio of inorganic and organic mercury in soil has to be elicited.

To derive Action from Trigger Values inter alia the bioavailability of contaminants in soil must be
considered — see the red arrow in the following figure — depending on the contaminant behaviour
(species, sorption status ect.) in the individual case. This is a main reason why no Action Values are

presented in the BBodSchV for the pathway soil — human health!

Testing the bioavailability of contaminants by extracting with synthetic saliva, synthetic gastric juice
and synthetic intestine juice (including solubilisation by milk-powder) is based in Germany on some

standardized methods.
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For example results for several Quecksilber

mercury contaminated sites are 1;2_ - A Methode 2
shown right hand for two meth- g B _ ; ® Methode 1
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area, the Trigger Value of 20 % 20 6
mg/kg can be dilated up to 200 g 104 |é &

mg/kg before measures for soil ® 0 I g 3 3 . g 3 g g 2 3 2 }—_% E E
remediation should be taken.

If there is no organic mercury in soil analytically demonstrable, only in the case of inorganic mer-
cury concentrations about 500 mg/kg, risk for children by oral intake is probable. This example de-
monstrates, that the Trigger Values according the BBodSchV are not fixed thresholds, but a tool for

decision making with regard to all circumstances and exposure possibilities — they are a tool for risk
management.

(1) http://www.bmu.deffiles/pdfs/allgemein/application/pdf/soilprotectionact.pdf
(2) http://mwww.bmu.deffiles/pdfs/allgemein/application/pdf/bbodschv_uk.pdf
(3) http://www.corrosion-doctors.org/Elements-Toxic/Mercury-mad-hatter.htm
(4) http://www.ec.gc.ca/MERCURY/EH/EN/eh-hc.cfm#T
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Remediation Technologies

Christian Weingran
HIM GmbH — Department Remediation of Contaminated Sites, Germany
1 Introduction

A big number of contaminated sites is the result of past industrial practice associated with
several industrial branches, like coal and metal mining, petroleum and chemical industries,
metal-plating, manufactured gas plants and coal gasification. The (underground) storage, the
industrial sewage systems and the industrial and municipal landfills are important sources of
soil and groundwater contamination. But also facilities like dry-cleaners and filling stations

play an important role. Not to forget military sources (airports, storage facilities).

The input of contaminants had been taken place at points or on larger areas, the contami-
nants could have been liquids or solids, the contamination process could have happened as
an accidental spill or a leakage over a long period. Different contamination pattern are the

result of different types of input.

The physical state of contaminants is one of the factors determining the possibilities of clean-

up. Contaminants may be present:
— as pure particulate,
— adsorbed onto soil particles,
— in organic soil particles, such as plant material and humic substances,
— as asolid (or pure liquid) phase in the pores of soil particles,
— as dissolved components in an aqueous phase in the pores of soil particles,

— and partly adsorbed onto the pore walls in such particles.

The contaminants fall into the main categories volatile organic compounds (VOCs), semivo-

latile organic compounds (SVOCSs), metals and inorganics.

The migration conditions will be governed by the specific physico - chemical characteristics
of the contaminants, such as solubility, specific gravity, adsorption coefficient, and biodegra-

dability. The implementation of appropriate remediation strategies requires a good under-
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standing of the processes governing the exchange of contaminants with the soil aqueous,

gaseous and solid phases.

Besides the physico-chemical properties of the contaminants the direction and the speed of
migration depend directy on local natural underground parameters, eg.
pH/oxidation/reduction potential, contents of silt and clay and humic substances and on the

key aquifer characteristics.

2 Remedial design

Suspect sites are first subject to a preliminary investigation. The history of the site is studied
in order to yield indications about the nature of the contaminants. Soil and groundwater are

sampled. Information on geologic profiles and site conditions are collected.

Site-specific field measurement and modeling techniques should allow a reliable field scale
quantification of the contaminant source strength (type, level and location) as well as the
characterization of the contaminant plume. The most common approach to source characte-
rization is based on soil and groundwater samples which are obtained from boreholes,

ditches, piles etc.

A risk assessment is usually used to decide whether there is or there is not a need to elimi-
nate or reduce the (environmental and/or human health) risks posed by a contamination.
Concentration is not the only fact, the conditions of exposure of contaminants need assess-
ment. The acceptable risk is a political decision that has to be supposed / supported by
scientists (e.g. toxicologists). The risk varies according to specific characteristics of contami-
nants and their toxic, carcinogenic, mutagenic potential. Concentrations of contaminants are
compared with quality criteria. If contamination exceeds these values, a further and more ex-
tensive investigation must be carried out. If the risks need to be reduced e.g. to protect the

valuable resource groundwater, a remediation strategy must be developed to address them.

The planning process is the beginning of really spending money. A careful consideration of
all aspects during the planning phase helps to save money during the later construction and
remediation phase. With small amounts of money substantial changes of the strategy and

remediation pattern are still possible. Spend money now — save later.

Before talking about technology many questions have to be answered:

— What is the current status and future use of the site?
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— Are there urgent social, economical or environmental needs?
— How much time is available to complete the remediation?
— Who is to pay? How much money is available? Is there money in the short or in the

long time? When? Are there any conditions?

Then the information about the contaminants and the contaminated media have to be
checked:

— What type of contaminant? What concentration? Single contaminant or mixture?
— Point source or area? / deep level or close to surface / Source or plume?

— Is the contamination in contact with groundwater or with human beings?

— Which media is contaminated? What is known about its properties?

— What is known about the geological and hydro-geological conditions?

If there is a lack of information it is of high importance to get this information as soon as
possible and as complete as possible before starting to think about a strategy. Developing a

strategy on a wrong database might cost a lot of money and might not be successful.

3 Approaches to remediation

There are two basic approaches to remediation:
— Elimination of the risks by removing or destroying contaminants

— Control or management of risks, reduction to an acceptable level by reducing conta-
minant concentrations or by containing the contaminants, such as installing barriers

between the contaminants and potential receptors.

In the past the cleanup was very often based on approaches aiming at maximum risk control
or even risk elimination (excavation/containment/groundwater extraction). From a technical
point of view these approaches are still the fastest way to solve the problem. If there is an
urgent need to reuse the sites or to solve a problem this is an advantage. The high costs as-
sociated with these methods are a big disadvantage and were prohibitive in many projects.
As a consequence concepts which focus on the control of the groundwater plume or the con-
tainment of the source rather than the elimination of the source have received increasing at-

tention during recent years.

A lot of active and passive in-situ technologies have been developed, that address the con-

tamination of soil and groundwater and avoid the (effects and cost of) excavation and the
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above ground environmental impacts. In-situ methods that are less costly but require more
time are available. But they have less predictable results and may require long time monitor-

ing and aftercare.

Passive technologies make sense for the treatment of the plume to achieve a long term pro-
tection and in addition short term active technologies removing parts of the source are used
to reduce concentration in the plume. Appropriate source control actions should be consi-
dered the highest priority. Improperly addressed contaminant sources complicate the long

term cleanup effort.

The application of in-situ approaches to subsurface remediation increase the emphasis on
adequate site characterization and thorough understanding of the subsurface system tar-

geted for remediation.

4 Technology selection

To assess the applicability and potential performance of remediation methods, information is
required on the contaminants present (e.g. types, concentrations, speciation, and distribu-
tion) and the physical, chemical, and biological properties of the material to be treated. In
most cases this involves collecting supplementary data beyond that necessary for the risk
assessment and initial remedy selection. In general, the suitability of a remediation method

depends on many factors including

contaminated media,

— contaminants,

— remediation objectives,

— current status of the site,

— location of the site,

— time available to complete the treatment, and

— money available to pay for the treatment.

The selection of remedial options should consider the primary (target levels) and secondary

effects (environmental impacts) as well as the achievability and sustainability.

Technologies are categorized as ex-situ (after contaminated soil or groundwater has been

removed for the treatment) or in-situ (without removing the contaminated media). Ex-situ
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treatment may be performed onsite using for example mobile or transportable treatment sys-

tems or off-site fixed treatment facilities.

The processes are frequently combined in treatment trains. A treatment train is a sequential
combination of technologies or unit processes which treat recalcitrant matrices more effec-
tively than any single technology could. E.g. soil washing becomes the prelude to chemical

or biological treatment.

5 Technologies for Soil and Ground Water Remediation

5.1 Containment

A method that is currently in wide use is to contain the contamination where it occurs. In its
ultimate form this requires the complete encapsulation of the contamination by the provision
of surface cover and in-ground vertical and horizontal barriers. Primary functions are the con-

trol of leachate production, of soil fluid movement and the limitation of surface water ingress.

Containment can be used to prevent further migration of the contaminants, but does not pro-
vide a means for correcting the problem in the long term. The effectiveness of containment
technologies decreases with depth and geologic complexity, such as fractured aquifers.

Fig. 1: Containment

Vertical Containment Barriers (VCBs) are used to isolate the contaminated material from
contact with groundwater and to control the migration of contaminated groundwater and soil

gas. They are frequently used in conjunction with hydraulic measures to control the ground-
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water plume or with an active or passive system to control gas emissions. They must be un-

derlain by an impermeable layer of fine grain deposits or bedrock.

When used as the primary remediation method, VCBs must be designed to last for decades.
Barriers will perform satisfactorily only for a limited time. Because experience is limited, pre-

dicting performance is difficult.

5.2 Excavation (and disposal or ex-situ treatment)

Excavation to remove source materials at hot spots represents one of the most common al-
ternatives for remediation. The excavated soil is treated in on site or off site soil treatment fa-
cilities. Excavation for ex-situ treatment can be very costly, with costs increasing and effi-
ciency decreasing with depth. This strategy is used in the case of urgent social, economical
or environmental needs, e.g. the remediation of the contact zone of an inhabited site. Even
when selecting passive in-situ strategies excavation as measure to reduce the release of

contaminants of the source is an appropriate technology.

5.3 In-situ Technologies for Soil

In-situ treatment methods avoid the above-ground environmental impacts and costs asso-
ciated with excavation. Some methods are particularly attractive for application on operating
sites and other sites where buildings and structures need to be preserved. In-situ technolo-
gies for treating soil can be classified like their ex-situ counterparts on the basis of the under-
lying treatment principle, such as physical separation, thermal treatment and biological de-
gradation. In-situ treatment methods may be combined with P&T methods to treat contami-

nated groundwater. Heat may be introduced to support bioremediation or vapor extraction.

Accurate identification of all contaminants present is essential because of the danger that a
treatment adopted to remedy some contaminants could lead to adverse or counterproductive
reactions with other contaminants. This may result in increased toxicity or mobility. An under-
standing of the physical characteristics of the site is essential for all in-situ techniques, espe-

cially those requiring infiltration of treatment agents.

— The effectiveness of in-situ treatment methods is determined by a variety of factors,

including:
— Nature, extent, and distribution of contaminants.

— Contact achieved between contaminants and treatment agents, often the extent to
which the contaminants can be solubilized.
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— Control over processing conditions in the ground which are not visible, especially

when working at considerable depth.
— Ability to effectively remove treatment products and excess agents from the ground,;

— Time available for treatment in terms of access to the site and natural factors, such as

groundwater flow rates.

Minimal information is available on the long-term effectiveness of in-situ treatment methods
that do not remove or destroy contaminants. In-situ treatment may have significant implica-
tions on the engineering properties of the ground and hence on any subsequent construction

work (e.g. infiltration may affect the stability of neighboring buildings).

5.3.1 In-situ Stabilization/Solidification

is a process of alteration of inorganic contaminants to an immobile state by injection or infil-
tration of stabilizing agents into a zone of contaminated soil. Contaminants are physically
bound or enclosed within a stabilized mass, or their mobility is reduced through chemical
reaction. Excellent understanding of the hydro geologic regime is essential. It is best applied

to moderate to high permeability soils.

5.3.2 In-situ Soil Flushing

Injection or infiltration of a solution into a zone of contaminated soil to mobilize or solubilize
contaminants, followed by down gradient extraction of groundwater (flushing solution mixed

with the contaminants) and above ground treatment and/or re-injection.

Solutions may consist of surfactants, co-solvents, acids, bases, solvents, or plain water. Sur-
factants enhance mobility of hydrophobic organic compounds by lowering interfacial tension

between water and contaminants; co-solvents increase the solubility.

Any variety of configurations of injection wells, directional wells, trenches, infiltration galleries
and extraction wells or collection trenches may be used to contact the flushing solution with
the contaminated zone. Contaminants treated are VOCs, SVOCs, petroleum hydrocarbons,
PCBs and pesticides. The method may enhance existing pump and treat systems but can in-
crease plume size and concentrations. To recover surfactants and to remove contaminants

from extracted groundwater with surfactants is difficult.
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Fig. 2: Surfactant Flushing

5.3.3 In-situ Oxidation

In-situ chemical oxidation is based on the delivery of chemical oxidants to contaminated me-
dia. Strong oxidants like hydrogen peroxide, potassium permanganate (KMnO4) or Fentons
Reagent (whereby hydrogen peroxide is applied with an iron catalyst creating a hydroxyl free

radical) are used.

v )

Fig. 3: In-situ Chemical Oxidation

Oxidants are injected or re-circulated through a well or injector head directly into the subsur-
face, mixed with a catalyst. Best for VOCs, SVOCs and petroleum hydrocarbons. It may re-

quire large quantities of oxidizing agent. Incomplete oxidization or formation of intermediate
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contaminants is possible, other carbon sources compete for oxidant. Successful implementa-
tion of this technology requires an effective means for disperging the oxidant to the subsur-

face contaminated regions.

5.3.4 Electrokinetics

Electrokinetics is a process that separates and extracts heavy metals and organic contami-
nants from saturated or unsaturated soils, sludges and sediments. A low intensity direct cur-
rent is applied across electrode pairs that have been implanted in the ground on each side of
the contaminated soil. The electrical current causes electroosmosis and ion migration, which
move the aqueous phase contaminants in the subsurface from one electrode to the other.
Contaminants in the aqueous phase or contaminants desorbed from the soil surface are
transported towards respective electrodes depending on their charge. The contaminants may
then be extracted to a recovery system or deposited at the electrode. Surfactants and com-
plexing agents can be used to increase solubility and assist in the movement of the contami-
nant. Also reagents may be introduced at the electrodes to enhance contaminant removal

rates.
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Fig. 4: Electrokinetics

5.3.5 Soil Vapor Extraction

Soil vapor extraction (SVE) is a process that physically separates contaminants from soil.
SVE systems are designed to remove VOCs from soil beneath the ground surface in the un-
saturated zone. By applying a vacuum through a system of vertical or horizontal underground

wells, contaminants are pulled to the surface as vapor or gas. Vapors extracted are typically
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treated using carbon adsorption (CA), incineration, catalytic oxidation, or condensation. CA is

most commonly used and is adaptable to a wide range of VOC.

SVE is as popular as P&T but it has very often the same poor results. Soil vapor extraction
often fails and leaves contaminants sorbed to solids in the vadose or in the saturated zone.
SVE is very effective for the removing the labile fractions of contaminants located in the va-
por and free liquid phases or adsorbed to the external surfaces of the soil matrix. But it will
not be effective for removing contamination trapped in the interior of the soil matrix. The
guantity trapped in the interior of the soil matrix may exceed surface contamination by 1-2
orders of magnitude. SVE cannot be relied upon to return long-contaminated soils to their

pristine conditions.
Several technologies were developed to enhance the effectiveness of soil vapor extraction:
Thermal Enhancement

Use of steam, heated water, hot air or radio frequency (RF) or electrical resistance/ alternat-
ing current (AC) heating to alter temperature-dependent properties of contaminants in-situ to
facilitate their mobilization, solubalization, and removal. VOC and SVOC may be vaporized;
they then rise to the vadose zone where they are removed by vacuum extraction and treated.
Steam is best applied to moderate to high permeability geologic materials. RF and AC heat-
ing may be applied to low permeability, clay rich geologic materials as the clay will preferen-

tially capture the RF or AC energy.
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Fig. 5: In-situ Thermal Treatment of Soll
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Thermal enhancement leads to higher recovery rates, remediation of difficult soils low per-
meability zones (clay, silt) and to shorter remediation times. But it could increase the size of

the plume and temporarily destroy biomass.

Hydraulic and Pneumatic Fracturing

are techniques adapted from petroleum industry to create enhanced fracture networks to in-
crease soil permeability to liquids and vapors and accelerate contaminant removal. The frac-
tures serve as avenues for bioremediation, steam or hot air injection or contaminant recovery
and can also improve pumping efficiency and the delivery for other in-situ processes. Mostly

applicable for unconsolidated sediments and bedrock.

Air Sparging (AS)

expands the remediation capabilities of SVE to the saturated zone. AS involves injecting air
or oxygen under pressure into the saturated zone to volatilize contaminants in groundwater.
The injected air removes adsorbed VOCs in soil and dissolved contaminants in groundwater
as the air rises through the formation. Volatilized vapors migrate into the vadose zone where

they are extracted by vacuum, generally by a soil vapor extraction system.
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Fig. 6: Air Sparging System

Most applicable for volatile organic contaminants relatively moderate to high permeability
geologic materials. AS can also be used to promote biodegradation in saturated and unsatu-

rated soils by increasing subsurface concentration of oxygen.
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5.4 Ex-situ Technologies for Soil

5.4.1 Biological degradation

Bioremediation techniques are destruction or transformation techniques directed toward sti-
mulating the microorganisms to grow and use the contaminants as a food and energy source
by creating a favorable environment for the microorganisms. Generally, this means providing
some combination of oxygen, nutrients, and moisture, and controlling the temperature and
pH.

Although not all organic compounds are amenable to biodegradation, bioremediation tech-
niques have been successfully used to remediate soils, sludges, and ground water contami-
nated by petroleum hydrocarbons, solvents, pesticides, wood preservatives, and other or-

ganic chemicals.

The rate at which microorganisms degrade contaminants is influenced by the specific conta-
minants present; oxygen supply; moisture; nutrient supply; pH; temperature; the availability
of the contaminant to the microorganism (clay soils can adsorb contaminants making them
unavailable to the microorganisms); the concentration of the contaminants (high concentra-
tions may be toxic to the microorganism); the presence of substances toxic to the microor-

ganism, e.g., mercury; or inhibitors to the metabolism of the contaminant.

Available ex-situ biological treatment technologies include biopiles, composting, landfarming,

and slurry phase biological treatment.

5.4.2 Thermal Treatment

Thermal treatments offer quick cleanup times but are typically the most costly treatment
group. Cost is driven by energy and equipment costs and is both capital and O&M-intensive.
Thermal processes use heat to increase the volatility (separation); burn, decompose; or melt
(immobilization) the contaminants. Separation technologies include thermal desorption and
hot gas decontamination. Destruction technologies include incineration, open burn/open de-

tonation, and pyrolysis. Vitrification immobilizes inorganics and destroys some organics.

Separation technologies will have an off-gas stream requiring treatment. Destruction tech-
niques typically have a solid residue (ash) and possibly a liquid residue (from the air pollution

control equipment) that will require treatment or disposal.
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5.4.3 Soil Washing

Ex-situ soil washing processes are mostly based on mineral processing techniques. Soil
washing is a water-based process for scrubbing soils ex-situ to remove contaminants. The
process removes contaminants from soils by dissolving or suspending them in the wash so-
lution or by concentrating them into a smaller volume of soil that can be further treated

through particle size separation, gravity separation, and attrition scrubbing.

The concept is based on the finding that most organic and inorganic contaminants tend to
bind, either chemically or physically, to clay, silt, and organic soil particles. Complex mixture
of contaminants in the soil and heterogeneous contaminant compositions make it difficult to

find a solution that will consistently and reliably remove all of the different types of contami-

nants.
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Fig. 7: Soil Washing

Soil washing systems offer the greatest promise for application to soils contaminated with a
wide variety of heavy metal, and organic contaminants. The clean, larger fraction can be re-

turned to the site for continued use.

5.5 In-situ Methods for Groundwater

In-situ treatment of groundwater requires water to pass through a treatment zone where in-

jection of agents in solution or in gaseous form cause degradation or promote natural degra-
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dation of contaminants or a solid substrate exists that supports physical separation of the

contaminants by adsorption, chemical or biological degradation, or reduction in toxicity.

The two processes may be used in combination. In-situ treatment of groundwater may be
combined with in-situ treatment of the unsaturated zone. In-situ groundwater treatment also
may be combined with P&T operations. The flow of groundwater through or to the treatment
zone may be the result of natural gradients; induced by pumping from vertical or horizontal

wells, or by infiltration of water; or achieved through injection of heated water or steam.

In-situ groundwater remediation requires a thorough understanding of the hydrogeology of
the site and its environs, and in many cases requires the prior removal or containment of the
source of the contamination and removal of free product. Modeling groundwater and conta-
minant movement is often required to design the treatment system. Thus, neither the water

flow nor the distribution of contaminants can be assumed to be homogeneous.

As for all in-situ methods, ensuring contact between contaminants and the treatment agent is
major practical difficulty. Contaminants may be adsorbed onto mineral surfaces and held in
capillary pores. Effective long-term treatment requires that these contaminants be released
to the groundwater. A variety of means may be used to promote the movement of contami-

nants through the subsurface.

Care is required in the selection and design of an in-situ groundwater treatment system to
ensure that any chemical introduced into the ground during treatment does not itself become
a pollutant, that mobilization of contaminants other than those that are primary object of the
treatment or are naturally present is prevented; and treatment end products are not more

harmful than the original compounds.

5.5.1 Permeable Reactive Barriers (PRB)

A PRB, (or passive barrier, passive treatment wall, treatment wall, trench), consists of an in-
ground trench that is backfilled with a reactive medium to provide passive treatment of con-
taminated groundwater passing through the trench. The treatment wall is placed at strategic

location to intercept the contaminant plume.

The selection of the reactive medium is based on the targeted contaminants and the hydro-
geologic setting of the site. Zero-valent iron is the most common medium used in PRBs to
date. Examples of other reactive media include microorganisms, zeolite, activated carbon,

peat, phosphate, bentonite, limestone, and amorphous ferric oxide.
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Fig. 8: Permeable Reactive Barriers / Treatment Walls

Different fillings do their job through different chemical processes: sorption, precipitation, de-

gradation:

— Sorption barriers contain fillings that remove contaminants from groundwater by ad-

sorbing contaminants to the barrier surface.

— Precipitation Barriers contain fillings that react with contaminants in groundwater as

they seep through the wall.

— Degradation barriers cause reactions that degrade the contaminants in the ground-
water (oxidation, reduction). For example, fillings of iron granules degrade certain vo-
latile compounds. Walls may also be filled with a mixture of nutrients and oxygen
sources which stimulate the activities of microorganisms.

Hydrogeologic setting is critical to application; geologic materials must be relatively conduc-
tive and a relatively shallow aquitard must be present to provide a basement to the system.

Reactive walls downgradient of contaminated areas are currently being discussed as an al-
ternative method to traditional groundwater remediation technologies. PRBs may be used to
treat contaminated groundwater at the boundary of a site, or to restore the groundwater
throughout a site.

The volume of groundwater treated by a PRB is typically much lower than it would be for a
P&T system at the same site because PRBs treat only the groundwater that passes through
the barrier, while P&T systems actively extract groundwater from an aquifer, usually at mul-
tiple locations throughout the plume.
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The most important advantages of this technology for passive in-situ-treatment of contami-
nated groundwater are the comparatively low costs (but for a long time) associated with op-
eration and maintenance (O&M). There is not so much experience with the reactivity lifetime/

the system long term performance and the replacement of treatment units.

PRB systems may be configured as funnel and gate designs. In such configurations ground-

water flow is routed by two or more walls through a permeable reactive zone.
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Fig. 9: Funnel & Gate Buildings (single gate [left], multi gate [right]
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5.5.2 Bioremediation

Bioremediation is a managed or spontaneous process in which microbiological processes
are used to degrade or transform contaminants to a less toxic or nontoxic form, thereby miti-
gating or eliminating contamination. Microorganisms (yeast, fungi, or bacteria) depend on nu-
trients and carbon to provide the energy needed for their growth and survival. Degradation of

natural substances in soils and sediments provides the necessary food for the development

of microbial populations.

In the presence of sufficient oxygen (aerobic conditions) and nutrients, microorganisms will
ultimately convert many organic contaminants to carbon dioxide, water and microbial cell
mass. In the absence of oxygen (anaerobic conditions), the electron acceptor is a compound
other than molecular oxygen, such as sulfate, nitrate, or carbon dioxide, and the contami-
nants will be ultimately metabolized to methane, limited amounts of carbon dioxide, and a

trace amount of hydrogen gas. Oxygen provides maximum energy. Thus, aerobic bioremedi-
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ation generally proceeds more quickly and provides a more complete degradation of the or-

ganic compounds

Many of the more persistent contaminants are resistant to microbial remediation, because
their toxicity to the organisms, preferential feeding of microorganisms on other substrates,
unfavorable environmental conditions lack of capability to use the compounds as a source of
carbon and energy. PCBs and PAHs can be transformed or partially metabolized as a
second substrate. Though they might not be suitable for growth substrate, they may be de-
graded by co-metabolism, where microorganisms growing on one compound produce an en-

zyme which transforms another compound on which they can not grow.

Most bioremediation technologies have focused on the addition of oxygen to facilitate the
biodegradation. Alternate electron acceptors can be used for bioremediation in the saturated
zone. Nitrate, sulfate and salts of iron (lll) can substitute oxygen. Various types of anaerobic

bacteria exist in nature that can use the anaerobic electron acceptors.
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Fig. 10: In-situ Bioremediation
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Enhanced bioremediation technologies increase biodegradation rates by supplying nutrients
and electron acceptors, or control other factors that can be rate-limiting. Alteration of the en-
vironmental conditions can often stimulate development of appropriate microbial populations
that can degrade the organic compounds. Such changes may include adjusting the concen-
tration of the compound, pH, oxygen concentration, or temperature, or adding nutrients or

microbes that have been acclimated to the compound.

Enhanced in-situ remediation involves the percolation or injection of groundwater or uncon-
taminated water mixed with nutrients and saturated dissolved oxygen, using injection and ex-

traction wells.

Bioventing systems treat soil in-situ by injecting atmospheric air into unsaturated soil. The
air provides a continuous oxygen source, which enhances the growth of microorganisms na-

turally present in the soil and accelerates the natural processes.

Biosparging systems inject a gas under pressure into the saturated zone to transfer volatile

compounds to the unsaturated zone for biodegradation.

The effectiveness in controllable environments (e.g. bioreactors) has been demonstrated, in
uncontrolled environments such as the subsurface it is much more difficult to achieve, dem-

onstrate and assess.

5.5.3 Natural Attenuation

For a long time the self cleaning capacity of the soil and groundwater was not recognized.
Now we start to understand that nature is a cleaner. Natural Attenuation (NA) makes use of
natural processes to contain the spread of contamination and reduce the concentration and
amount of pollutants at contaminated sites. It includes a variety of physical, chemical, and bi-
ological processes. They act without human intervention to reduce the mass toxicity, mobility,

volume, or concentration of contaminants in soil or groundwater.

NA is an in-situ treatment method used as one part of a site cleanup that also includes other
strategies. The processes contributing to NA are acting at varying rates and degrees of effec-
tiveness, depending on the types of contaminants present, and the physical, chemical and

biological characteristics of the soil and groundwater.

In certain-situations, natural attenuation is an effective option and the most appropriate way

to remediate some contamination problems.
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NA is sometimes mislabeled as a “no action” approach. However, NA is really a proactive
approach that focuses on the confirmation and monitoring of natural remediation (Monitored

Natural Attenuation, MNA). Hydrocarbons are good candidates for NA.

Responsibly proposed natural attenuation at a groundwater remediation site requires dem-
onstration that the processes mentioned will occur at a sufficient rate to remediate the plume
prior to impact at a receptor. It is necessary to understand and to control the process. Based
on this understanding a prediction of the results of the process and a monitoring plan to con-

trol this process can be made.

Therefore a site assessment must identify soil characteristics such as soil type, hydraulic
conductivity and organic content, groundwater characteristics such as direction, gradient and
velocity of flow, temperature, pH and dissolved oxygen content inside and outside the plume,
the horizontal and vertical extent of contamination in soil and groundwater, historical beha-
vior of the plume, and the ability for attenuation of the plume under site conditions and a de-

tailed review of receptors and migration pathways in the area surrounding the site.

The rates of natural processes are typically slow. Long-term monitoring is necessary to dem-
onstrate that contaminant concentrations are continually decreasing at a rate sufficient to en-

sure they will not become a health threat. The NA sites need to be well-characterized.

5.6 Ex-situ Technologies for Groundwater

Treatment methods developed for drinking water, sewage treatment, and industrial effluent
can be adapted, provided that the physical, chemical, and biological properties of the liquid to
be treated and the design and operational requirements of the treatment system have been
considered. Contaminated waters or soil may contain complex mixtures of contaminants at
wide-ranging or very high concentrations. In addition, these concentrations may fluctuate
over time, and the volumes of liquid to be treated and time scales may vary considerably. Of-
ten remediation projects are short term projects. These complex conditions have implications

for cost, which will be higher for the remediation technology.

5.6.1 Pump - and - treat (P&T)

Cleanup of groundwater by P&T methods is probably the longest established and most
commonly used in-situ remediation technology. P&T involves extracting contaminated

groundwater through recovery wells or trenches and treating the extracted groundwater and
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reintroducing to the aquifer. P&T is complex because whilst pumping may effectively remove

NAPL pools on or below groundwater, the pumping process itself

may enhance diffusion gradients and

— contaminant mass transfer of soil-sorbed compounds and/or
— residually saturated NAPLs within the vadose zone,

— promoting the growth of existing NAPL pools or

— creating new pools.

Groundwater extraction often causes an initial decrease in contaminant concentrations in the
extracted water, followed by a leveling of concentrations, and sometimes a gradual decline
that is generally expected to continue over decades. The failure of P&T has been attributed
to the failure of the flowing water to remove the residual saturated (i.e. immobile) phase of

the contaminant from the soil.

Pollutants Activated Stripping Biological Precipitation/ lon exchange
carbon degradation Flocculation
adsorption

AHC + + + - -

BTEX + i = =

hvCHCs + * - -

Vinyl chloride - + + > =

Phenols - + - -

PAH + + - -

Bics + + - -

Ammonium - . i = =

Cyanides - - _ - +

Heavy metals - - _ A AF

+ Suitable + partly suitable - unsuitable

Fig. 11: Ex-situ Treatment Technologies for contaminated groundwater, leachates and sur-

face water

5.6.2 Air stripping

Stripping with air or steam is used to remove dissolved volatile organic compounds from wa-
ter. Air stripping involves transferring a dissolved substance from the liquid to the gas phase

whereas steam stripping is essentially a distillation process in which the volatile contami-
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nants are removed. The driving force of the removal is the concentration difference between

the liquid an the air phases.

Air stripping can be accomplished using aeration tanks, cascade aerators, spray basis, or
packed towers. The stripped water is collected at the bottom of the tower and the emissions
may be treated by activated carbon. Factors that control stripping efficiency include tower
height and diameter, the air-to-water ratio and the temperature. Packed towers include an
aeration system, devices to insure that the mass transfer occurs optimally, and packing ma-

terial (polypropylene).

5.6.3 Activated Carbon Adsorption

Adsorption is a physical mechanism based on the properties of some porous materials to fix
molecules on their surface. Specific surface governs this mechanism. Adsorption on acti-
vated carbon is a widely used method for removing organic pollutants dissolved in water. Ad-

sorption capacity values vary depending on the compounds to be removed.

5.6.4 Resin Adsorption

Resin adsorption is a physical-chemical process in which dissolved substances are removed
from solution by synthetic or natural materials. The resins may be ionic or nonionic; the non-
ionic materials form stronger bonds which are harder to reverse. Therefore, weak ionic or
nonionic resins are more widely used. Synthetic resin adsorbs dissolved substances by trap-
ping and holding the solutes in its molecular structure. In comparison to activated carbon, re-
sin adsorption is more selective for some compounds. Capital costs are low, operating cost

are high.

5.6.5 lon Exchange

lon exchange is an adsorption process which has been demonstrated for removal of most in-
organic dissolved salts, some organic dissolved substances and some low molecular weight

lipophilic compounds.

5.6.6 Filtration

Filtration is an effective method that separates low levels of solids from an aqueous phase by

passing through a semi-permeable medium. For contaminated groundwater granular media
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(sand) filters are used to filter suspended solids by gravity or auxiliary pressure. The filter bed

is regenerated by back washing and removing solids by flocculation or sedimentation.

5.6.7 Reverse Osmosis

Reverse Osmosis (RO) is a filtration process by which inorganic salts and some organic sub-
stances are removed from solution by passing the contaminated groundwater through a
semi-permeable membrane under pressure. The contaminants are concentrated on one site
of the membrane while water passes through. Most commonly used membranes include cel-
lulose acetate, polyamides, and polysulfones. The removing efficiency of organic compounds

usually decreases with an increase in polarity and hydrogen bounding with the filter.

5.6.8 Chemical or UV Oxidation

UV/oxidation processes combine the use of ultraviolet light (UV) and chemical oxidants such
as ozone (O3) and hydrogen peroxide (H,O,) to destroy organic contaminants in groundwa-
ter. In most UV/oxidation processes, high intensity UV radiation is combined with H,O, to

oxidize organic contaminants to Carbon dioxide and water.

A wide variety of organic contaminants are susceptible to destruction by UV/oxidation. UV
has most often been used for contaminant concentrations in groundwater below 500 mg/l. A
key advantage of the technology is that it is a destruction process, as opposed to air stripping
or carbon adsorption, for which contaminants are extracted and concentrated in a separate

phase.

The process is only efficient at rather low wavelengths (<200 nm). The stream treated must
provide for good transmission of UV light, should be relatively free of heavy metal ions and
have low alkalinity and carbonates. The cost may be higher than competing technologies be-

cause of energy requirements.

5.6.9 lon exchange

This process is employed for removing dissolved anions in contaminated groundwater. Re-

moval method can be percolation through specific resins or clays.
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6 Conclusion

The selection of the appropriate technology is critically dependent upon the goals which
are set for site remediation (which can be defined on various levels, e.g. reduction of poten-
tial or reduction of actual risk) and the remediation strategy: e.g. a risk reduc-
tion/management strategy may suggest the use of pump and treat systems, physical and/or

hydraulic containment systems.

The remediation strategy developed for a particular site may combine both approaches and
several different methods. Different mobility of the components of a mixture of contaminants

will require different methods, strategies and priorities of remediation.

Integrated strategies consisting e.g. of P&T for hydraulic control and dissolved plume mass
removal combined with source targeted technologies have been determined to be a most ef-
fective long term solution in many cases and may lead to cost-effective remediation meas-
ures specifically suitable to large industrial areas, where the source zones are often poorly

defined or hardly accessible.

Selection and integration of technologies should use the most effective contaminant transport
mechanisms to arrive at the most effective treatment scheme. To assess the applicability and
potential performance of technologies, information is required on the contaminants present

and the physical, chemical, and biological properties of the material to be treated.
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Remediation of Contaminated Sites — Strategies

Martin Bittens
Helmholtz Centre for Environmental Research — UFZ, Germany
Introduction

In Germany and other European Countries, a large number of regions exist where industrial,
military and mining activities during the past century have led to vast contaminations in soil,

groundwater and surface waters.

Main features of these sites are:
— The occurrence of multiple sources with usually unknown extent
— A multitude of large contaminant plumes in groundwater
— The presence of multi-compound mixtures

— The extreme investigation and remedial costs for site revitalization

Large-scale contaminated sites may severely affect human health, the environment and the
economy. Currently some 20,000 of these so called megasites exist in Europe (including
CEE States) with estimated costs for required revitalization measures that exceed the
amount of 100 Billion Euros. These figures clearly demonstrate that revitalization of mega-
sites demands innovative site investigation and remediation strategies to make it economi-

cally feasible.
Strategic Background

Streamlining site investigations and cleanup decision a dynamic framework is needed that al-
lows project managers to achieve clearly defined project objectives. According the TRIAD
approach which is being recommended by the U.S Environmental Protection Agency follow-
ing elements should be integrated in such an approach (EPA, 2005):

a. A systematic planning, to assure that the level detail in project planning matches the
required use of collected data
b. A dynamic work plan that relies on real-time data to reach decision points

c. On-site analytical tools that make dynamic work plans possible

The TRIAD approach links decisions, data and technologies (Figure 1).
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What Needs To Be Done?

What Information Are Needed To
Support Site Objectives?

What Information Are Needed
To Make Decisions ?

How Should Data Be Collected?

Take Appropriate Action

No

What Does The Data Tell Me? Yes

Figure 1:Linking Decisions, Data and Technologies

Site Investigation

In preparation of effective site investigation measures a series of factors need to be consi-

dered:

— What technologies are available (expedited and high resolution investigations, data

collection)?
— What are potential exposure pathways?

— Hot spot detection
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— Background level of contaminants of concern (COC)?

— Are the infrastructure systems contaminated?

— Assess the risk the site may pose to human health and the environment
— Design a conceptual site model (CSM)

— Calculate cleanup levels

— Examine unacceptable environmental conditions (cost for site improvement, opera-

tion, and maintenance)

Some of the factors are of particular relevance in developing an appropriate remediation
strategy for large scale contaminated sites and will be discussed in detail in the followings

chapters.

CSM

The Conceptual site Model (CSM) is one of the primary planning tools that can be used to
support the decision making process managing contaminated land and groundwater on a
large scale. The CSM organizes available information about a site in a clear and transparent
structure and facilitate the identification of data and information gaps. Once the CSM is es-
tablished, additionally needed data can be gathered and integrated in the CSM, followed by a
revision of the CSM and a refinement of decision goals, if required. Thus, the CSM matures
and enables an improved understanding of the site characteristics, such as contamination

status, receptor profiles, etc., and the re-adjustment of decision criteria.

Characterization of the Conceptual Site Model approach

Following information needs to be integrated in a CSM:

— Site contamination concerns by graphical or written representations (or "conceptuali-

zations"),
— How contaminations got at the site?
— Whether or not contaminations are migrating or degrading?
— How variable concentrations are across the site?
— What receptors might be exposed?

— What risk-reduction strategies are most feasible?
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Once the CSM is established, it can be used as a basis to:

— Support the development of a framework for conducting and scoping a site investiga-

tion of the site or cleanup action that takes into account the future land use

— Elaborate a detailed description of the site and its setting that is used to form hypo-

theses about the release and ultimate fate of contamination at the site

— ldentify sources of contamination at the site, potential chemicals of concern, and the

media (soil, groundwater, surface water, and structures) affected

— Quantify how contaminants may be migrating from the sources, and the media and
pathways through which migration and exposure of potential human or environmental

receptors could occur (including possible air releases)
— Evaluate of potential or preferred cleanup options

— Develop site-specific sampling designs and procedures for sample collection and
analysis
— Estimate site conditions that may lead to unacceptable risks and warrant further study

By integrating permanently data and information to a CSM in a step-wise fashion, it achieves
an increasing level of complexity. During the life cycle of a CSM following maturity levels will

be achieved:

(a)Maturity Level I:

Preliminary Conceptual
Site Model

(little or no site-specific
data available)

r
2 L 2 L 4

| W D T I | s L S O i I | (RS PR

| I I
v o v

) | Paihways I j | . |

Figure 2:CSM — Maturity Level |
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Maturity Level | — Key Decisions
1. Is there a potential threat to human health and the environment?

2. Which chemicals from what media pose a potential risk under the land use scenario?

(b)Maturity Levels I, 1l

Confirm and Refine
Exposure Pathway
Assumptions

Structure Of A CSM - Maturity Level I, llI

Remediation
to Default Action Levels

Yes Feasible?

Quantitative Risk

Assessment Based

Perform a Quantitative
Risk Assessment on a Mature CSM
(Monte-Carlo)
Collect Additional Design and Implement a Dynamic
» Data to Support . .
Remedial Actions Work Plan to Verify/Define the

Preliminary CSM

Perform Site

Restaurations

Figure 3:CSM — Maturity Levels Il and 11l

Maturity Level Il, lll — Key Decisions
1. Does a risk exist above tolerable levels based on default criteria?
2. What action level would be acceptable based on default risk criteria?

3. Based on realistic exposure and response scenarios, what site cleanup goals or action le-

vels are required?

At maturity level Il a CSM should give reliable answers to following questions:

What is the proposed reuse or current use of the site?

— Is the proposed reuse of the site politically, economically, and socially viable?

— What media are impacted and by what type of contamination?

— Are there any potentially complete receptors pathways networks present at the site?
— What exposure point concentration might represent a potential risk?

— Do the exposure assumptions used in the risk assessment match the reuse scenario?
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— What method reporting limits are needed to assure the delineation of potential hot

spots?

— What are some of the available remedies for the site?
— What are the potential human exposure pathways?

It should be noted that a CSM:
— May not be limited to soil and groundwater contamination,

— Need to consider all potential exposures and receptors, e.g. human health, ecological

receptors.
CSM Data Acquisition and Data Sources

In order to build-up a complete, full-matured CSM data and information are required from dif-

ferent areas or disciplines:

— Archeological/Historical Use,

— Sources: archives, historical databases,

— Physiography: region with similar geologic structures and climate,

— Sources: geological state offices, planning divisions of communities and cities,

— Climatic data: hydrologic budget, fauna, flora, and land use, precipitation rates, air

temperature, and prevailing wind speed and direction,

— Sources: worldwide weather stations (www.worldclimate.com/worldclimate, meteoro-

logical offices),

— Geology: types of geologic materials, structural geologic features, depositional envi-

ronments, and geomorphology,
— Sources: geological state offices,
— Hydrogeology,

— Agquifer characteristics:
a. Type (examples: unconfined, confined, or semi-confined),

b. Characteristics (examples: hydraulic conductivity, transmissivity, storitivity)
c. Geology (materials and structure),
— Hydrologic budget:

a. Recharge rates (examples: precipitation, artificial recharge),
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b. Discharge rates (examples: evaporation, transpiration, groundwater pumping),
— Groundwater flow:
a. Hydraulic gradient (examples: groundwater elevations, flow direction),
b. Flow velocity (travel time),
c. Boundary conditions (examples: Dirichlet, Neumann),
Sources: water agencies, geological state offices, research institutes.
CSM Models and Tools

— Spatial Analysis Decision Assistance (SADA): A software program that integrates vi-
sualization, geospatial analysis, statistical analysis, human health and ecological risk
assessment, cost-effective analysis, sampling design, and decision analysis
(www.tiem.utk.edu/~sada/)

— U.S. EPA Field Environmental Decision Support (FIELDS): An ArcView® extension
that combines geographic information systems (GIS), global positioning systems
(GPS), database analysis, and imaging technologies to identify, assess, communi-
cate, and help solve environmental problems; includes modules for human health and
ecological risk assessment, sampling design, remediation design
(www.epa.gov/region5fields/)

— U.S. DOE Pacific Northwest National Laboratory Visual Sampling Plan (VSP): VSP
provides statistical solutions for sampling design to decide where samples should be
collected and how many are needed (http://dgo.pnl.gov/vsp)

— Center for Subsurface Modeling support (CSMoS): CSMoS provides public domain
groundwater and vadose zone modeling software
(www.epa.gov/ahaazvuc/csmos.html)

— Center for Exposure Assessment Modeling (CEAM): CEAM provides proven predic-
tive exposure assessment techniques for aquatic, terrestrial, and multimedia pathway
for organic chemicals and metals (www.epa.gov/ceampubl/)

— Army Risk Assessment Modeling System (ARAMS): ARAMS is a computer-based,
modeling- and database-driven analysis system for estimating human and ecological
health impacts and risks associated with MRCs and other potential contaminants of
concern. ARAMS is based on a widely accepted risk paradigm that integrates expo-
sure and effects assessments to characterize risk
(http://www.wes.army.mil/el/arams/arams.html)

— OnSite OnLine Tools for Site Assessment (OnSite): The OnSite set of online tools for
site assessment contains calculators for formulas, models, unit conversion factors
and scientific demonstrations to assess the impacts from ground water contaminants

(http://lwww.epa.gov/athens/onsite/)
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CSM Examples

(a) Graphical Solution — Exposure Pathways

Tramport
) Medium Site Conceptual Model For site A
Release Mecharism (ir)
(Volatilization/Resuspension)
Primary Primary Release Secondary  Secondary Exposure  Potential Receptors and
Source Iechaniam Source Release IMedia Exposure Routes & Pattwmys
Mechanism

Future Residential

Trdustriall Chetnical Sutface Infiltration | Sutface Ingestion
Area Release/spill Water Percolation Water Derrral Contact

W olatilization Irhalation of Volatiles
Platt & Aquatic

Uptake:

Iirigation

Incidental Ingestion
edonent), | [mhelation of Particulates
: g } Dertral Contact
External Exposure

} Consumption

Consumplion

Figure 4: Classic Graphical Conceptual Model/Stem-and-Leaf Conceptual Model

(b) Computer Based Solution (1) — Exposure Pathways

Project Planning

Site M arne: |Human and Ecological Example

-1 88 Primary Source - Point-Source Effluent
= 4} Exposure Medium - Surface “Water
'ﬁ' Fieceptar - Recreational Swimmer
= @ Secondary Source - Suface Water
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~#x Receptor - Flathead Catfish
= B Primary Source - Industrial Smake Stack
= @ Secondary Source - Air
= @ Tertary Source - Sail, Suface
:‘Q %*D;S:;ee;::rd-lL::Emecf;:tfizzzl\g:it;%er Release Mechanism: |Dther j Medium: | Surface W ater ﬂ

. ) - Air
@ Buaternary Source - Surface W ater Other W Other: | Groundwater

= :Q Expozure Medium - Sedimenl Other

Sediment
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Soil, Surface

Description; |dizcharge of contaminated effluent

“Mote: To begin creating a project planning diagram, click the right mouse button in the white area above. |

Generate Planning Tables and Conceptual Site Model Diagram | Help | | Save Az | Close |

Figure 5:Computer Based CSM (ARAMS/FRAMES)
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(c) Computer Based Solution (2) - Modeling
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Figure 6: Computer Based CSM (ARAMS/FRAMES) — Multimedia Fate, Transport

and Risk Modeling

(d) Computer Based Solution (3) — Risk Calculation
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Figure 7: Computer Based CSM (SADA) — Risk Map/Spatial Distribution
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(e) Computer Based Solution (3) — Uncertainty

23,640.00

(=
Lo
(=)
v
b3

22,944 00

mE e 2

-

5]
%]

596 .00

[
(=]
(%]

4800

21,900.00
26,500.00

Eazting

1.00

0.80

.40

0.00

Figure 8: Computer Based CSM (SADA) — Risk Probability Map

(f) Computer Based Solution (4) — Areas of Concern

Using Preliminary Remediation Goals (PRG), Areas of Concern (AOC) can be identified.

PRG are obtained by back calculation from acceptable or tolerable risks. They represent

chemical-specific concentration goals for individual chemicals in specific medium and land

use combinations.
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Figure 9: Computer Based CSM (SADA) — Risk Based Area of Concern
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Hot Spot Detection

The detection of hot spots is essentially for the design of source removal measures. Particu-
larly on contaminated sites of large extent, the hot spot search would cause enormous costs
if it is performed on basis of soil and/or groundwater samples taken from a regularly grid
mesh. A more cost effective approach is the application of geostatistical methods which allow
the hot spot identification under definite boundary conditions. Originally encoded as Ellipgrid
PC by Oak Ridge National Laboratory a 2d initial Ellipgrid model can be applied to calculate
(SADA 2008):

- the probability of hitting or, conversely, missing an elliptical hot spot of a defined size

- the maximum size of a hot spot that would, with a defined probability, be hit by a sample

grid definition

- agrid of samples based on finding a hot spot of a defined size with a distinct probability

If any two of the three parameters are known, SADA calculates the third one:

Probability Size & Shape ?7?
Probability ?7? Grid Specs
?7? Size & Shape Grid Specs

Figure 10:  SADA Algorithm for 2D Hot Spot Search

The concept of hot spot searches in two dimensions can easily be extended into the third di-
mension through the use of simulation. A grid is specified in three dimensions, and the loca-
tion of ellipsoids is simulated across the site. The likelihood of hitting such a hot spot is simp-
ly the ratio of simulated hits to total simulations (SADA, 2008):

139




Figure 11: SADA 3D Hot Spot Search
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Remediation of the chemical production facility of Marktredwitz
Gernot Huber

Bavarian Environment Agency, Germany

Introduction

The “Chemische Fabrik Marktredwitz” (CFM) site occupies 0.5 square kilometres and was
previously operated as a chemical production facility. It is located in the centre of Marktred-

witz, Bavaria, Germany close to the border of the Czech Republic (fig. 1).

Founded in 1788, CFM was one of the oldest chemical manufacturing facilities in the world.
Mercury was processed at the CFM site for the production of pesticides, herbicides, and oth-

er mercury-containing products. The facility was closed down in 1985.

CFM caused serious environmental pollution during the centuries of operation. The main
contaminant was mercury, which was not only accumulated on the premises, but was trans-
ported — by exhaust air, effluents and waste — into the city of Marktredwitz and downstream

the rivers Rdslau and Kdsseine with their flood plains (fig. 2).

This is an overview of the measures performed during remediation of the CFM, i.e. one of the
most important Hg- contaminated sites in Germany, and of projects accompanying the re-
mediation as well as follow-up projects in the vicinity of the site. Decontamination and resto-
ration of the contaminated site and its surroundings was done between 1986 and 2000; fol-

low-up measures last until today.
Basic studies on the case-specific risk assessment for Marktredwitz

A research project on risk assessment for the mercury-contaminated site in Marktredwitz
(LGA/GKSS, 1992) was realised prior to the remediation of the CFM.

Analytical methods for the determination of mercury, especially the differentiation of inorganic

and organic forms of Hg, have been tested, and the Hg content of soil, water and air was
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measured in Marktredwitz and its surroundings. Transport pathways for mercury by air and

water have been specified.

Some results are summarized as follows: mercury was detected primarily bound to fine frac-
tion of the soil up to 90 mg/kg, methyl-, ethyl- and phenyl-mercury up to 131 pg/kg, 11 ug/kg
and 0.6 ug/kg (especially in the upper soil layers). Average daily discharge of mercury (pri-
marily bound to high molecular colloids) on the soil-water pathway has been determined up
to 0.11 pg/mad, on the soil-air pathway (with a share of organic species of 9 - 15%) up to 51
pug/m2 d. In the grass of the Kdsseine meadows maximum mercury content of 6.9 mg/kg was

documented.

Remediation of the CFM premises

The premises of the CFM were located in the centre of Marktredwitz adjoining the river
Kdsseine. Infiltration of liquid waste, deposition and incineration of refuse and production re-
siduals as well as accidents caused a severe Hg - contamination of the site. A detailed inves-
tigation revealed elevated mercury content in the buildings (up to 3 300 mg/kg in brick-
structures), in the soil (up to 5 000 mg/kg) and in soil- and groundwater (up to 200 mg/l in in-
filtrating wastewater). The vertical expansion of the Hg-contamination was about 4 m, locally
up to more than 7 m, into the sub-soil. Due to these facts, a complete decontamination of the
premises was done between 1986 and 1996 (Kolb, 1999).

Deconstruction of the buildings and soil excavation

The remediation was done step by step:

- Disposal of production residuals from highly contaminated production lines and storage
areas (e.g. sub-surface dumps), deconstruction of contaminated production lines (e.g. dis-
tillation and incineration), deconstruction of supply and return systems and of the dilapi-
dated sewer system.

- Deconstruction of building parts with highest contamination (i.e. plastering) and demolition
of the buildings under protective enclosure.

- Excavation of soil — partially containing liquid mercury — down to 7 m below ground level.
Most relevant contaminations were found in areas with broken down sewers or fissured
foundations. The remediation target of 10 mg/kg at the base of the excavation was

reached in most areas.
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Groundwater drainage and groundwater remediation

During demolition and excavation a groundwater drainage and clean-up system was operat-
ed (fig. 3). For the protection of the nearby river Késseine a vertical groundwater barrier (200
m length / 20 m depth) was installed. The backwater was extracted from remediation wells
within the premises; decontamination of the Hg-polluted groundwater was done by a 3-step

water treatment facility. The remediation target for groundwater was 1 ug/l Hg.

Cleaning-up and disposal of contaminated materials

In the process of remediation 100 000 metric tons of contaminated residues from deconstruc-
tion / demolition and excavation were dealt with. The disposal route for the material was pre-
disposed by the level of contamination. Material with lower concentration of mercury
(35 000 metric tons; < 50 mg/kg Hg) was deposited in a mono-landfill, which had been built
for this remediation project. Medium charged material (55 000 metric tons; 50 — 5000 mg/kg
Hg) was treated in an off-site soil treatment facility, also specially constructed for the remedi-
ation of the CFM, and afterwards deposited on the mono-landfill. Material with a very high
content of mercury (5 000 metric tons), e.g. production residuals and plaster from brick build-

ings, were deposited in a sub-surface landfill (Neufa-Herode, 800 m below surface level).

Mono-landfill

The mono-landfill with a fill volume of 145 000 m3 was set up close to the soil treatment facili-
ty near Marktredwitz. The 4-ply mineral base sealing is 1 m thick, the 3-ply mineral surface
sealing is 0.75 m thick (kf <5 x 10-10 m/s).

Soil treatment facility

The soil treatment system (modular system, process units preassembled in about 60 con-
tainers) consisted of two main processes: soil washing and vacuum distillation (fig. 4). The
principle of this combined treatment process is to concentrate the mercury in the fine-grained
portion of the soil by soil washing (blade washers and an attrition scrubber dislodge the mer-
cury and other contaminants from the soil particles, the mobilized contaminants are sepa-
rated by means of classification, sorting, rinsing, and dewatering) and to clean the resulting
highly contaminated, fine particle fraction using vacuum distillation (the mercury and other
compounds are volatilized from the solids due to a thermal evaporation process at low pres-
sure conditions of 50-150 hPa and an average temperature of 350 to 400°C) as a down-
stream treatment. An additional treatment system incorporated water treatment and process
air treatment. Residual Hg-concentrations after treatment have been documented to be well
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below 50 mg/kg, even if peaks of very high input concentrations amount to more than 5 000

mg/kg mercury (Groschel W., Defregger F.,1988).

Total cost

The total cost for the decontamination of the CFM premises was about 90 million € (in 1996).

Revitalisation of the CFM premises

The premises in the centre of Marktredwitz were completely decontaminated and could thus
been made available for different types of uses. Today an office and shopping centre — now
an important part of the townscape - is located on the site. Figure 5 shows the deconstruction
and excavation areas after finishing the remediation measures and after constructing the

shopping mall on the site.

Measures in the vicinity of the CFM: the city of Marktredwitz

Due to exhaust air (among others distillation of mercury, incineration of Hg- containing
waste) and the deposition and relocation of refuse and production residuals in the surround-
ings of the production facility, parts of the centre of Marktredwitz were contaminated, too. A
total content of mercury in the soil up to 180 mg/kg was determined (higher values were

measured locally on wastelands, on landfills and on the banks of the river Késseine).

In order to classify the contamination near the CFM and to evaluate the environmental health
risk from possible exposure to Hg-contamination for the inhabitants of Marktredwitz, two
comprehensive research projects (gsf, 1995 und 1998) were carried out. Risk assessment
was based on information from 1 300 sampling sites with 8 000 data concerning concentra-

tion of mercury mainly in soil, water, air, plants and vegetables.

Risk assessment was done by a quantitative exposition estimate based on modelled transfer
rates and doses for the mass transport soil to human, plant to human and air to human. A
human bio-monitoring (blood and urine) of inhabitants of the city of Marktredwitz was per-

formed and an environmental health risk assessment for the population was established.

Threshold values for mercury in soil for different types of uses were derived. The most vul-
nerable uses were housing areas with gardens (subject of protection: infant). The trigger val-

ue for mercury was 33 mg/kg; the action value was 178 mg/kg.
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The following conclusions and measures were deduced from the research projects:

- In housing areas with gardens (residential areas) measured Hg - content was normally be-
low the action value. The exposition for this type of use was without health risk, in general.

- Regarding the precautionary principle, the decontamination of gardens in housing areas in
Marktredwitz was already performed for soil concentrations above the trigger value. Soill
samples were taken from the gardens, the Hg- content was determined and for cases with
Hg- content above trigger value, the topsoil was excavated and the site was refilled with
uncontaminated soil.

- Allinvestigations of urine and 90 % of all blood investigations of the inhabitants did not at-
tract attention. According to GSF (1995 und 1998), even elevated Hg- content in blood
samples (up to 24 pg /1) did not pose any health risk.

- Personal correlation between content of mercury in blood and soil was not proven. For the
exposure pathway in-house contamination constituted the main part.

- In addition to the decontamination of gardens in housing areas, playgrounds in the city of
Marktredwitz were decontaminated. Behaviour recommendations for residents were

given.

Measures in the vicinity of the CFM: River and flood plains of Késseine and Réslau

The severe contamination of the rivers Kosseine and Roéslau was caused by discharge of
contaminated wastewater into the river for a long period of production and by infiltration of
highly loaded liquid waste from broken sewers at the premises. The transport of mercury
bound to suspended solids and sediments in the river system and thus to the adjacent flood
plains was observed up to 15 km downstream the CFM, even into the neighbour country, the
Czech Republic (fig. 6). An overview of some of the highest Hg-concentrations in the envi-
ronment determined between 1970 until now is given in figure 6. Measures downstream the

CFM are reviewed in the following paragraphs (Huber G., Stuhrmann M., 1999).

Removal of highly contaminated river sediments

The sediments of the river Kdsseine and Roslau are loaded with mercury up to 700 mg/kg
(fig. 7). River sections with most elevated Hg-content due to increased sedimentation, espe-
cially fourteen backwaters (river barrages), two bayous and a cooling water pond of a power
plant, were decontaminated by sediment removal. The sediment clearance was done using
three techniques — excavation/dredging and ground suction after lowering water level and
ground suction without lowering water level. A total of 34 000 metric tons of highly contami-
nated sludge was extracted. Thus more than 900 kg Hg were recovered from the river sys-

tem.
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Risk assessment for groundwater and drinking water

Annual inundation caused sedimentation of highly contaminated material onto the meadows
and generated a relevant pollution of the soils downstream the CFM. Comprehensive soail
and groundwater investigations in the flood plains as well as transport modelling were per-
formed to estimate potential input of mercury from contaminated soil into the groundwater
and in order to asses the risk for groundwater and drinking water quality (Biersack M., Réder
R., 1999). Further downstream of Marktredwitz an important amount of drinking water is ex-

tracted from the deeper basement of the Rdslau valley.

The alluvial soil in the meadows / flood plains reached Hg-concentrations of about 170 mg/kg
near surface; a distinct decrease in concentration with depth was seen (fig. 8). A relevant in-
put of mercury into the groundwater could not be detected until now and is not to be ex-
pected due to a low mobilisation potential (leachate concentrations << 5 ug/l, also at low pH).

An endangerment of the drinking water supply of the local population could be denied.

Agricultural use in the flood plains: grassland farming

The contaminated meadows are used for grassland and for the production of cattle foodstuff
(forage). Grass from selected fields is periodically sampled and evaluated for the foodstuff
use (< 0.1 mg/kg). In order to ensure the agricultural use of the meadows as far as possible
advisory notes concerning the agricultural practice have been worked out. Grass with Hg-
content above 0.1 mg/kg is composted or used in bio-gas production; alternatively, higher

contaminated areas are set-aside.

Human uses in the flood plains: playground, allotment gardens, market gardening

Areas with potential vulnerable uses in the flood plains, i.e. playgrounds, fields with vegeta-
bles (market gardening, allotment gardens) were mapped, soil-sampled and evaluated. The
results of the use-specific assessment of the contamination were discussed with persons
concerned; recommendations for case-specific measures were given. A playground was ex-

cavated and a field for market gardening was set-aside.

Bio-monitoring 1970 — 2007

The effect of mercury input into the river system and the corresponding ecosystems (i.e. wa-
ter, suspended matter, sediment and macrophytes, macro-invertebrates, fish) has been mo-
nitored for nearly 40 years (Wachs B., 1999). Thus the consequences of the close-down of

the CFM and of the remediation measures could be evaluated. The Hg input had caused a
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serious contamination of the environment downstream the CFM, but a considerable reduc-
tion of environmental concentrations after the close-down and the remediation could be
reached (fig. 9, 10 -12). Thus, clean-up measures were effective even for areas farther
downstream the CFM. However, the contamination that developed during centuries could not
be remediated completely. Mercury concentrations in the environment are still well above

background level in some areas and this will be the situation for any length of time.

Germany-Czech Republic: Transboundary commission for water quality protection

The effect of the past pollution from the CFM was not only limited to the German national ter-
ritory. In the river system mercury was transported across the national border to the Czech
Republic and an export of mercury - but in considerable lowered amounts - is still going on
(fig. 2). Measures are realised in close contact to the Czech neighbour country. The Czech-
German (Bavarian) transboundary commission for water quality protection co-ordinates mon-
itoring programs and discusses monitoring results as well as possible further measures to

reduce the mercury transfer to the Czech surface water system.

Conclusions

Some results and conclusions of the remediation of the CFM can be summarized as follows:

- The remediation of one of the greatest Hg-contaminated sites of Germany required enor-

mous time and effort (>> 10 years and > 100 Mio €).

- The brownfield restoration of the CFM was a great success: a complete decontamination
of soil and groundwater at the site and a revitalisation of central parts of the city could be
achieved.

- The comprehensive scientific research indicates: there is no fundamental threat to human

health — personal safety of the inhabitants of Marktredwitz could be confirmed.

- A substantial reduction of Hg content in the river ecosystem over a wide area due to clos-
ing down and remediation of the CFM and its surroundings could be achieved — but: con-

tamination will still exist in future, further efforts are necessary.

- Local input of pollutants caused wide area contamination — remediation of emission

sources as soon as possible is necessary.
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The investigation of the mercury contamination in a Chinese
plant: a case study

Jun Hu & Jianlong Wang

Laboratory of Environmental Technology, Institute of Nuclear and New Energy Tech-
nology,

Tsinghua University, Beijing, 100084, P.R.China

Introduction

Mercury persists in the environment and bioaccumulate in the food chain. It mainly af-
fects the nervous system, of both humans and animals. Elemental mercury has been
known for several hundreds years to cause tremors and sensory abnormalities in hu-
mans. Methyl mercury has adverse developmental effects on fetuses, infants and child-

ren. It also has adverse neurological effects on adults.

Solidification/stabilization technologies are used to immobilize liquid wastes converting
them into solid forms. With growing awareness of its toxicity Performance requirements

(e.g. leachability) for treated mercury wastes were more stringent.

According to the Identification standard for hazardous wastes of China (ISHWC)-
Identification for extraction procedure toxicity (GB5085.3-1996). The allowable concen-
tration of mercury in the leachate of the toxicity characteristic leaching procedure
(TCLP) is less than 0.05 mg/L. Health standard for element mercury vapor in the air of
workplace restricts worker exposure to mercury vapors to a low threshold limit value of
0.02 mg/m®.

Methods

Processing materials

All mixed mercury waste including wall concrete and soil was obtained from a factory
because of industrial applications. The waste was ground to a fine powder and the

normal cement from our laboratory was provided.
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Test methods

To assess the completeness of the initial reaction between the sulfur and mercury, af-
ter the first stage of processing, The TCLP (GB Method 5086) was conducted on a se-
ries of treated Hg wastes produced in this study. To reduce the volume of waste gen-
erated in this study, a modified version of the TCLP was conducted, using 20g of sam-
ple material while maintaining the same relative reagent quantities required for a stan-
dard TCLP test.

Long-term leaching behavior was evaluated with a leaching test in which solid samples
were immersed in distilled water for 28 days. Contaminant concentrations in the lea-
chate were then evaluated with the test that calculates cumulative mercury fractions re-
leased. Solutions from the TCLP and leach tests were measured using the mercury
cold vapor method with an Atomic Absorption spectrometer.

Results and discussion
The investigation of mercury contamination and sampling sites

Mercury concentrations in soil at nine sampling sites

Mercury concentrations in soil are 1349.26, 25.52, 342.2, 360.79, 73.57, 175.86, 28.07
and 36.06 mg/kg at nine sampling sites, respectively (Fig.1-Fig.8), and the mercury
concentration of the surface of polluted area is 4179.26 mg/kg.

1400‘_ . Fig.1 Variation of total
D 1200+ Hg concentration
< ] : :
£ 10004 (mg/kg) in soil depth
< 500 . (m) at the hall of the
© sampling sites.
S 600 =
8 ] .
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: . are much higher than
— 200_ .\/\I u
3 R /. \ /\ ./ the average Hg con-
- | LS
g o "= m momawmmamal ¥R contraion  in soil

0.81.2162024283.2364.04.4485.256 (0.038 mg/kg) (Wang
dept h (m) et.al, 2005)
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7.2- meter deep rare mental storeroom

159




—m— 3 g
—0— & K A 5cm
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southeast factory

Mercury concentrations in water at the sampling sites

Fig.9-11 shows that the mercury concentration varies among different area during 2002

-2006.

As shown from Fig.9 to Fig.11, the whole production area, the drainage area and the
residential area, the mercury concentration of the water body had far exceeded water
body mercury water quality Il standard of surface water (GHZB 1-1999)

(0.1ug/L), and the biggest concentration of air mercury at residential area was 3.88

ug/L in February 2006.
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Mercury concentrations of air at sampling sites
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Fig.12 Variation of total air Hg concentration (ug/m°) in the 7.2- meter deep rare

mental storeroom during four years from 2002 to 2006
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From the Fig.12 and Fig.13, it is apparent that the mercury pollution in air is very
heavy, especially in spring and summer, because mercury vapor is easily evaporable,
the mercury concentration in air increased to 73.8 ug/L, which had far exceeded air

quality standard of 0.3 pg/m?®.
TCLP test

Typical TCLP leach results are summarized in Table 1. Untreated mercury from the
platform of the mercury storehouse resulted in TCLP concentrations is 9.787 mg/l
(pH=8.3) which is more than 195 times the SHWC's (Identification standard for hazard-

ous wastes of China) current allowable limit of 0.05 mg/I.

In order to determine whether the stabilization reaction was complete, the concentra-
tions of leachable mercury in the stabilized soil ranged from cement treated samples
with no additive consistently result in acceptable levels of mercury in TCLP leachates
during 25 days, all of them are less than 50 ug/L (Table 2).
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Table 1: Concentration of Hg in TCLP leachate

Platform of the mer- East wall of the
Wastewater pool hall
cury storehouse mercury storehouse
pH mg/L
5.0 0.941 8.381 0.898 0.077
6.3 0.58 6.344 0.691 0.19
8.3 0.771 9.787 0.933 0.104

However, with the leaching time prolong, increase of mercury release imply that a mod-
ified process is needed. However, it is still difficult to predict the long-term releases of

mercury.
Table 2: Release of Hg from cement solidified waste
Leaching time On-site mercury Clay Sandy

waste (ug/L) soil (pg/L)
Sticky soil (pg/L)

5 11.26 <5 <5
10 12.19 <5 <5
15 38.72 <5 <5
20 37.07 <5 <5
25 39.12 <5 <5

Note: 20 g from each of three batches of treated mixed-waste mercury. Analysis per-
formed on October 2007.
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Table 3: Mechanical performance of the cemented wastes

Breaking Compressive Compress strength
stress (Mpa) stress (KN) (Mpa)
On-site mercury waste 1 3.7 52.4 32.8
50.6 31.6
On-site mercury waste 2 5.7 51.2 32
50.9 31.8
Sticky soil-1 1.7 8.4 5.2
<8 N/A
Sticky soil-2 1.7 <8 N/A
<8 N/A
Sandy soil 1 5.3 39.2 24.5
40.3 25.2
Sandy soil 2 5 40.2 25.1
29.9 18.7

Conclusions

A stabilization/solidification process for both hazardous and mixed-waste mercury met-
al was tested using a set of laboratory-scale processing equipment. When elemental
mercury and cement are mixed, the process reduces leachable mercury, meeting
ISHWC criteria. Long-term leaching behavior of the processed waste, as determined by
the GB-5085 method, indicates that mercury releases are controlled well during 28

days and the release rates are low.
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4 Conclusions

Mercury-contaminated sites potentially represent an important source of mercury emis-
sion into the atmosphere due to evaporation of mercury from contaminated land and
waters. They constitute an important source for transboundary movement of mercury.
Contaminated sites in ecosystem-sensitive areas may represent a considerable health

and ecosystem risk due to direct and indirect exposure to mercury and its compounds.

In response to the UNEP Governing Council decisions the German Federal Ministry for
the Environment together with German and Chinese partners organized a workshop on
remediation of mercury-contaminated sites in Guiyang, China. The aim of the workshop
was to address, discuss and understand relevant issues and problem areas related to
remediation of mercury-contaminated sites. Its objective had been to exchange know-
ledge on the characterization and identification of mercury-contaminated sites, the
demonstration of the state of the art in science and technology on remediation technol-
ogies and strategies as well as the procedure of the development of inventories with

respect to mercury.

First, individual aspects were reported and brought up for discussion to work out differ-
ences and to identify possibilities for the knowledge exchange/transfer. On the basis of
the following topics, the information and approaches available in the Federal Republic
of Germany/Europe and China were compared:

— Legal Background in Germany, Europe and China

— Register of Contaminated Sites

— Characterisation of Mercury-Contaminated Sites

— Risk Assessment and Risk Management of Harmful Substances

— Remediation Techniques and Strategies

— Remediation of Chemical Production Facilities
In Germany, the awareness of contaminated sites being a major environmental prob-
lem came up around 1980 together with some severe cases of soil and groundwater
pollution. In 1999, the Federal Government put the Federal Soil Protection Act
(BBodSchG) and the Federal Soil Protection and Contaminated Sites Ordinance

(BBodSchV) into force, which established nationally standardised regulations for the

registration and remediation of contaminated sites.
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Common European efforts aimed in a Soil Thematic Strategy and a proposal for a Soil
Framework Directive with the objective to protect soils across the European Union. The
European Framework Directive sets out common principles, objectives and actions to
prevent further contamination, to establish inventories of contaminated sites and draw
up national remediation strategies. The legal framework in China has just been revised
by the Chinese authority. At present the valid limit values for contaminants in soil are
from 1988. On the basis of Cr and DDT as leading substances, nationally standardized
regulations for the registration and remediation of contaminated sites will be estab-
lished.

For the successful treatment of contaminated sites, a huge number of steps for the reg-
istration of potentially contaminated sites must be implemented to obtain a comprehen-
sive base of information and documentation. The registration of a potentially contami-
nated site in Vietnam could be demonstrated as an example of the development of a

register within the Asian-Pacific region.

Chemical and physical extraction methods serve in addition to quantify Hg and un-
solved Hg-species as basic data for a risk assessment. There was a broad consensus
that the state of the art in science and technology for the characterization and quantifi-
cation of Hg in soils is far advanced. Special attention was paid to the combination of
different remediation technologies (,treatment train“) as well as the strategic approach
to remediation of contaminated sites, especially for mega sites. Due to the huge num-

ber of factors, strategies can be developed taking into account cost optimization.

A software for the development of remediation strategies was introduced by the Ger-
man side. Spatial Analysis and Decision Assistance (SADA) is free software that incor-
porates tools from environmental assessment fields into an effective problem solving
environment. These tools include integrated modules for visualization, geospatial anal-
ysis, statistical analysis, human health risk assessment, ecological risk assessment,
cost/benefit analysis, sampling design, and decision analysis. The freeware SADA 5

can be downloaded on the website: http://www.tiem.utk.edu/~sada/download.shtml.

The presented approach to use trigger-values as basic data for a risk assessment to
analyze the need for the realization of remediation measures was brought to the atten-
tion of the Chinese side. In this area knowledge transfer and further support was as-

sured, e. g. by an exchange of literature.
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The example of the chemical factory of Marktredwitz (CFM) demonstrated the success-
ful remediation of a contaminated site in Germany. In view of the follow-up, a case
study was given by the Chinese side and discussed at the workshop. First, the quantifi-
cation of Hg at different hot spots was carried out. The following discussion showed
that at present there is still not enough information available to develop a remediation
strategy. As a follow-up to the workshop, a questionnaire will be addressed to the Chi-
nese colleagues to provide site-specific parameters of their case study for the devel-

opment of a remediation strategy.

Finally, all participants agreed that all topics had been introduced and discussed exten-
sively. In future, a huge number of cooperation possibilities can be developed from the
common exchange of ideas and approaches. Participants appreciated and recognized
the added value of debating the issues in a truly multidisciplinary context and ex-

pressed interest in remaining involved in future proceedings.

168



5 Follow up

The workshop generated action items and recommendations that can be implemented
along with the UNEP Governing Council initiative. Numerous new areas of cooperation

possibilities on different levels were identified which are to be addressed shortly:

— At ministerial level, the drafting of new or adaptation of the present legislation

could be supported in an advisory capacity by the German authority.

— Support of the Chinese authorities in the development of guidelines/procedural

instructions/regulations for Cr and POP (DDT)
— Calculation and application of trigger values

— An urgent need seems to lie with the strategies for contaminated sites from

chemical production processes ("hot spots").

— Plenary discussion of the example of the Chinese case study has shown that

there is a great need for knowledge exchange/transfer.

— Other examples of successful remediation projects should be presented to the

Chinese side: Mirror factory in Bavaria, Chemical plant Buna-Bitterfeld.

— The answers to a questionnaire by the German side will provide the necessary
specific parameters for a mercury-contaminated site in China (see next page) to
conduct a strategy analysis. The guestions of the questionnaire are aimed to
assess:

» Remediation objectives and plan

» Regulatory requirements
» Specific parameters of the contaminated site

— Strategies with regard to mega sites, as they also exist in the southwest of Chi-
na, are also of great interest for China. There is the possibility to download a

freeware program http://www.tiem.utk.edu/~sada/download.shtml..

— In the follow-up to the workshop, the extended summary will be published e.g.
on the EUGRIS or the UFZ/TASK homepage.

— To build on the success of this workshop, it was recommended to continue with
a workshop on “Remediation of a mercury contaminated site — elaboration of
the remediation concept of a contaminated site in China” with participants from
German and Chinese authorities, facility owners, engineering offices and
science. The workshop should expand beyond the discussions of the Chinese

case study and take place in Germany in 2009/2010.
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Questioner on the remediation concept for the remediation of a Chinese facility

— What are the remediation objectives?
— Risk reduction / risk management or risk elimination
— What type of future land use is planned?

— Are there any clean up values / levels of clean up for soil and / or groundwater

given or proposed by the authorities?

— Who (which authority) will decide about the remediation plan?

— Are there other regulatory requirements?

— Have there been talks or negotiations about the acceptance of stakeholders?

— Which time scale is available to start and to complete remediation
o0 Is there an urgent political, social or economical need to remediate?
0 Is there arisk for human health?

— Is therefore a high rate or flow of treatment needed?

— Is it preferred to have high invest/ capital cost and low or no cost for operating
and maintenance or the other way round? Who is going to pay for the remedia-

tion?

— What has been assed / is known about the chemical, physical, and biological

properties of the contaminants and their distribution?

— What has been assed / is known about the properties of the contaminated me-

dia (soil, groundwater, concrete)?
— Systematic soil assessment (grid, depth, sampling)
— What analytical SOP was used?

— What has been assed / is known about the hydrogeological / geological condi-
tions? Are there any monitoring wells (depth, diameter, period of monitoring, pa-

rameters assessed)?

— Is there enough space for constructing onsite treatment facilities, or a contain-

ment technology?
— What are the distances to off site treatment / disposal facilities?

— Are there any restrictions concerning environmental effects (emissions, waste,

consumption of energy and materials)?

— What are the regulations for the protection of community and workers during

remediation?
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9 Location - GUIYANG

The city was first constructed as early as 1283 AD during the Yuan Dynasty. Under the
Ming (1368-1644) and Qing (1644-1911) dynasties, the town became the seat of a
superior prefecture named Guiyang. Guiyang has subsequently become a major pro-
vincial city and industrial base.

The city is situated on the Nanming River, a headstream of the Wu River, which even-

tually joins the Yangtze River at Fuling in Sichuan province. Guiyang is a natural route

center, with comparatively easy access northward to Sichuan and northeast to Hunan
province.

Coal is mined in the locality of Guiyang and Anshun, and there are large thermal gene-
rating plants at Guiyang and Duyun, supplying electricity for the city's industry. A large
iron and steel plant came into production in Guiyang in 1960, supplying the local ma-
chinery-manufacturing industry.

Large deposits of bauxite have been discovered to the north, and by the 1970s
Guiyang had become a major producer of aluminum. Guiyang also manufactures in-
dustrial and mining equipment, as well as railway vehicles and equipment. It has a

large chemical industry, producing fertilizers, and a rubber industry, manufacturing au-
tomobile tires. Guiyang also has textile plants and makes glass, paper, and other con-
sumer goods.
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Legal Background in Germany and European Perspective

Andreas Bieber

Federal Ministry for the Environment, Nature Conservation and Nuclear Safety,

Germany

The awareness of contaminated sites being a major environmental problem came up in
Germany around 1980 together with some severe cases of soil and groundwater pollu-
tion. The regions (Laender) began to register the sites where contamination was sus-
pected: industrial sites, waste disposal sites and military sites. Today, about 290,000
sites are registered as suspected to be contaminated. It is estimated that 10 to 20 % of
them will need to be remediated. About 500 million Euro are spent every year for the

clean up of contaminated soils and groundwater in Germany.

In 1998, the German Federal Government issued a Federal Act on Soil Protection. The

main obligations are:

— to protect the soil from pollution and degradation and
— to clean up contaminated sites and polluted groundwater.

In 2006, the European Commission issued a Soil Thematic Strategy and a pro-
posal for a Soil Framework Directive with the objective to protect soils across

the European Union.

The Strateqgy is intended to intensify research on soil and to raise public awareness.

The Framework Directive sets out common principles, objectives and actions. It re-

quires the 27 Member States to adopt a systematic approach to identify and combat
soil degradation, to tackle precautionary measures and to integrate soil protection into
other policies. Member States shall identify areas where there is a risk of erosion, or-
ganic matter decline, compaction, salinisation and landslides. They must set risk reduc-
tion targets for those areas and establish programmes of measures to achieve them.
They will also have to prevent further contamination, to establish an inventory of con-
taminated sites on their territory and draw up national remediation strategies. Finally,
the Member States are required to limit or mitigate the effects of sealing, for instance
by rehabilitating brownfield sites. The proposal passed the European Parliament and is

negotiated in the Council of the Member States.
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Recent legal developments in Germany and a European Soil
Framework Directive — Prospects for Management and

Remediation of Contaminated Land

Jorg Frauenstein
Federal Environment Agency, Soil Protection Measures,Germany

The management of contaminated land and groundwater was one of the key pressures
for federal soil protection law in Germany. In 1999, the Federal Government put the
Federal Soil Protection Act (BBodSchG) and the Federal Soil Protection and Contami-
nated Sites Ordinance (BBodSchV) into force, which established nationally standard-
ised regulations for the registration and remediation of contaminated sites. The pur-
pose of the Soil Act is to protect or restore the functions of the soil on a permanent and
sustainable basis. Actions entail the prevention of soil changes which are harmful to
the soil; the rehabilitation of the soil and water resources at contaminated sites; and
precautions against negative soil impacts, such as the disruption of its natural functions

and its function as an archive of natural and cultural history.

One important focus of the act is to prevent soil contamination and to regulate the
clean-up of abandoned contaminated sites. The Federal Soil Protection and Con-
taminated Sites Ordinance supplements the Act and specifies requirements in respect
of site investigation, sampling strategy and laboratory approach, evaluation and reme-
diation. The laboratory approach and the methods for soil analysis are furthermore de-
termined according to German Industry Standards (DIN) and European Standards
(CEN).

This legislation has established a national assessment framework for the evaluation of
soil quality in relation to the “Soil-Man”, “Soil-Plant” and “Soil-Groundwater” paths of ac-

tion.

Since 1999, the individual States have been responsible for the enforcement of Act and
Ordinance. Now the Federal Environment Ministry is preparing an update of the Fed-
eral Soil Protection and Contaminated Sites Ordinance. It is to take the experience
gained over several years with the implementation of the BBodSchV adequately into
account and adapt its technical and methodological requirements to the advanced state
of knowledge. In particular, it is necessary to incorporate methodological develop-

ments, which have noticeably accelerated with the introduction of soil protection legis-
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lation and the results of a broad range of soil-related research into an updated Soil Pro-

tection Ordinance and implementation practice.

However, more than 270.000 suspected contaminated sites registered in Germany in
2007. To handle this huge number of sites, a stepwise risk assessment procedure was
developed to filter out the sites where there is urgent call for action because of their
risks for humans and the environment. In the past 20 years, considerable efforts have
been made to clean up and redevelop contaminated sites. Public funding to research
as well as to industry has contributed significantly to the development of soil treatment
technologies at a high standard. The technologies used are best demonstrated for the
treatment of typical industry-originated substances. Current research and development
efforts are rather concentrated on the setting up of cost-efficient clean-up techniques

and strategies.

The remediation process will become more complex and interdisciplinary in which the
actual clean-up procedure must contribute by effective technologies at reasonable

prices. This is also the focus of ongoing national research.

In 2006, the European Commission presented a Thematic Strategy for soil protection

and a Proposal for a Directive establishing a framework for the protection of soil (SFD).

The Strategy sets out a series of actions aiming at defining a comprehensive strategy
with the overall objective of protection and sustainable use of soil by preventing further
soil degradation, preserving its functions and restoring degraded soils to a level of func-
tionality consistent at least with current and intended use. The SFD is an important
chance to regulate soil protection on the same level like water and air. However, it was
not possible so far to attain the qualified majority needed to reach political agreement
on a draft directive establishing a framework for the protection of soil.

Nevertheless, among most member states several communities express the crucial in-
terest to come forward with a European Soil Framework quickly. Within the Common
Forum (the network of contaminated land policy makers and advisors from national
ministries in EU member states and EFTA countries), it was announced that France will
pick up the SFD back on the political agenda for the upcoming EU-Presidency. Reflect-
ing the statement given by the French Minister during the Deliberation of the Environ-
ment Council, we expect that the technical discussion about content will shift the politi-

cal arguments against a European Soil Framework.
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Register of Contaminated Sites

Dr. Harald Mark, MSP GmbH, Germany

A successful treatment of contaminated sites requires a systematic and gradual proce-
dure - such as it has proved its worth in Germany for many years. The first step of
treatment is the registration of contaminated sites. Registration contains investigation in
the sense of collecting information, various steps of assessment and documentation in
maps and text. Main target is the complete registration of all abandoned landfills and
industrial sites within an area municipality. Normally already existing, but widespread
information is collected and systematically analysed. The methods of area-wide regis-
trations are mainly based upon historical sources like documents, plans, aerial photo-
graphs and maps. The procedure of area-wide registrations is fairly complex and re-
quires considerable skill. It is important to divide the steps of investigating industrial
sites from those, which refer to abandoned landfills.

In order to investigate abandoned industrial sites, historical address books, trade-
indices and license-documents are normally important sources as well as historical
maps. After the investigation of data the registered industrial sites must be located in
an actual topographical map of large scale. The most important source for detecting
landfills (and also contaminated sites caused by military action) are historical aerial
photos (analysis of time-lapse anal photos). In order to get all relevant information ae-

rial photos should be analysed stereoscopically.

All results are read in a database. The main purposes of using a database are storing,
retrieving and modifying data. These data are also spatially represented corresponding
directly with a Geographical Information System (GIS). Geographical information sys-
tems combine spatial data with subject data. This means that e.g. the information
»Storage building“ contained in the data bank of the Geographical Information System is
represented as an area (polygon) exactly as regards its position and contours. That
means that the storage building — equally as all other (partial) uses recorded — is repre-
sented in the GIS with its contours on the background of a(n) actual) topographical ba-
sic map (or if this is not available: of an aerial photo) and may be thus exactly localized
on the terrain. This graphical information together with the entries into the data bank
provide an important basis for planning and carrying out further measures as they may
be concentrated on areas showing a high contamination risk owing to their actual

and/or historical use.
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Characterization of Mercury Contaminated Sites — The Role of

Speciation Analyses
Harald Biester

Technical University of Braunschweig, Germany

Mercury is known to be released by a large number of industrial processes including
energy production and has caused contamination of soil and aqueous ecosystems on
local to global scale. The volatility of mercury at ambient temperature and the high tox-
icity of most of its compounds make it unique among the heavy metals released by
anthropogenic activities. Moreover, more than any other heavy metal, mercury in natu-
ral environments undergoes various species transformation processes, which may en-
hance or diminish its mobility, bioavailability and thus its risk potential. Due to this, de-
termination of Hg species or Hg binding forms in soils, sediments and waters is essen-
tial to evaluate environmental risks of Hg contaminated areas. The presentation will
show examples of Hg contaminated sites of different scale such as Hg mining areas,
chlor-alkali plants and wood preservation sites, where soils and aqueous ecosystems
have been heavily polluted over decades or even centuries. Examples of a pyrolytic
solid phase Hg speciation method are shown, which allows to distinguish most inorgan-
ic Hg compounds such as Hg(0), HgS, HgO, HgSO, and humus bound Hg forms in
soils and sediments. Case studies from Hg mining areas will demonstrate the impor-
tance of distinguishing insoluble Hg ores (cinnabar) from humus bound Hg species. In
contrast to cinnabar, organically bound Hg formed in soils after deposition of Hg(0),
which has been emitted from the smelter, is mobile and has a high potential to become
bioavailable in agueous environments. Similar examples are shown from soils in the vi-
cinity of chlor-alkali plants, where originally deposited Hg(0) is quantitatively trans-
formed to organically bound forms or re-released to the atmosphere.

Other case studies of former wood preservation sites, where soils and groundwater
were contaminated by discharge of large quantities of HgCl,-solution show that Hg mo-
bility in aquifers can be drastically diminished by natural reduction of Hg-Chloride to
Hg(0) through changing redox condition in the saturated zone. In addition, operational
defined methods of Hg speciation in aqueous samples are demonstrated, which allow
to distinguish soluble reactive Hg forms from soluble organic Hg complexes. Here, it

will be shown that soluble humic complexes are the most common Hg binding forms re-
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leased from polluted soils into the aqueous environment and the most important Hg

species in the pathway to bioavailability.

Besides their important role for the characterization of contaminated sites, Hg specia-
tion measurements will be shown to play an important role for remediation strategies,
especially if based on Hg transformation processes such as immobilization through the

formation of HgS or the use of reactive barriers for groundwater clean-up.
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Mercury Pollution in Guizhou, Southwestern China

- an overview -
Xinbin Feng, Guangle Qiu

State Key Laboratory of Environmental Geochemistry, Chinese Academy of
Sciences, Guiyang 550002, PR China

Mercury (Hg) is a global pollutant and poses a worldwide concern due to its high toxici-
ty. Guizhou province is recognized as a heavily Hg-polluted area in China due to both
the special geochemical background and human activities. Here an integrated overview
of current knowledge on the behavior of Hg in environments, as well as human health

risk with respect to Hg contaminations in Guizhou was presented.

Two key anthropogenic Hg emission sources in Guizhou were coal combustion and
metals smelting, which dominantly contributed to the high levels of Hg in local ecosys-
tems and high fluxes of Hg deposition. The annual Hg emission from anthropogenic
sources ranged between 22.6 and 55.5 t, which was about 6.3-10.3% of current total

Hg emissions in China.

Meanwhile, Hg enriched soil in the province serves an important natural Hg emission
source to the ambient air. The local environment of Hg mining and zinc smelting areas
are seriously contaminated with Hg. It is demonstrated that rice growing in Hg contami-
nated soil can accumulate methylmercury (MeHg) to a level to pose health threat to lo-

cal inhabitants whose staple food is rice.

Local inhabitants in Hg mining areas are exposed to Hg through inhalation of Hg vapor
and consumption of rice with high level of MeHg. Rice intake is indeed the main MeHg
exposure pathway to local inhabitants in Hg mining areas in Guizhou, which is contrary
to the general point of view that fish and fish products are the main pathway of MeHg

exposure to humans.

Key words: Emission; Coal combustion; Methylmercury exposure; Mining; Smelting
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The investigation of the mercury contamination in a Chinese

plant: a case study

Jun Hu & Jianlong Wang,

Laboratory of Environmental Technology, Institute of Nuclear and New Energy

Technology, Tsinghua University, Beijing, 100084, P.R.China

For investigating the current situation and the mercury contamination and remediation
measurement in a Chinese plant, the samples of soil, water and air in this area had
been taken and analyzed. The result showed that the mercury concentrations in soil
were 1349.26, 25.52, 342.2, 360.79, 73.57, 175.86, 28.07 and 36.06 mg/kg at eight dif-
ferent sampling sites, respectively, and the maximal mercury concentration in surface
soil was 4179.26 mg/kg.

The mercury concentration in water body exceeded the water quality 11l standard of
surface water (GHZB 1-1999) (0.1 ug/L). The range of mercury concentration of air

samples is 5.3 ug/L- 73.8 ug/L in 2006 and pollution is very serious.

From the mercury data collected from the soil, water and air in this region, we can con-

clude that the soil in that area has been contaminated heavily.

Keywords: elemental mercury, environmental pollution, TCLP, stabilization/solidification
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Risk Assessment and Risk Management of Harmful Substances in
Germany in the Framework of the Soil Protection Ordinance

Example - Mercury

Dr. Andreas Zeddel

Landesamt fur Natur und Umwelt des Landes Schleswig-Holstein, Germany

The soil protection ordinance encloses trigger-values for the soil-to-human, soil-to-
groundwater and soil-to-edible plant exposure-pathways to identify “harmful changes to
the soil-functions”. Trigger-values are used for risk-assessment in the exploratory in-
vestigation phase to diagnose the need for further investigations. Because of the haz-
ard-based nature of these values — especially for the soil-to-human-pathway — they can
release remediation measures in certain cases. The derivation of these values is well
documented and the exposition conventions are as realistic as possible concerning the
‘realistically worst case’. The derivation of trigger-values for the soil-to-human and soil-

to-groundwater pathway for mercury and the conventions used was presented.

The starting point in derivation of trigger-values for the soil-to-human pathway is the
tolerable resorbed doses (TRD) achieved from experimental or epidemiological data.
Due to different toxicities, inorganic (especially HgCl,) and organic (especially Methyl-
Hg) mercury-species are discriminated. Toxicological effects on humans were ob-
served especially in neuronal disorders as well as nephro- and immunotoxical effects
(TRD-value for inorganic mercury: 15 ng/kg*d for oral ingestion, 30 ng/kg*d for inhalativ
ingestion; TRD (oral) for organic mercury: 50 ng/kg*d). By calculating a TRD-value,
safety-factors are required to get a safe distance to the lowest observed adverse effect
concentration (LOAEL) and the no-effect level (NOAEL), respectively. In this manner
e.g. the TRD-value - oral - for organic mercury was derived from a LOAEL of 700
ng/kg*d (neurotoxical effects on children, whose mothers are exposed to these concen-
trations in pregnancy). A safety-factor for the extrapolation of a NOAEL from the
LOAEL (SFy=5) and a safety-factor for especially sensitive persons (SF4=3) are chosen
in this case. Safety-factors are an important tool for the calculation of hazard-based
trigger values. A so called hazard-factor was achieved by building a geometrical mean
of these safety-factors. In the case of oral ingestion of organic Hg the hazard-factor is
SQR(5*3)=3,9 resulting in a hazard-based body dose of 195 ng/kg*d.
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To get a trigger-value, information about the background exposure by food, drinking
water and air is necessary. The background exposure in Germany by oral ingestion
was assessed to 30-300 ng/kg*d. Due to special researches the convention of a con-
tingent of 80 % of the TRD by the (food) background was chosen in the case of mer-

cury.

Conventions about the exposure of men, especially children, to contaminated soil are
the second stand for calculation trigger-values (e.g. a soil incorporation rate of 33 mg
soil/ kg*d for children). From these data a primary trigger-value for (organic, oral) mer-
cury was calculated with 4,7 mg/kg. From all calculation approaches this was the most
sensitive one. Keeping in mind the ratio of inorganic and organic mercury in ‘worst
case’, the trigger-value was fixed with 10 mg/kg for playgrounds. Trigger-values for all

usages are to discuss.

It will be presented what sort of investigations can be done if trigger-values for this
pathway are exceeded in the exploratory investigation phase (bioavailability, the real
inorganic/organic ratio) and why there are no action values for mercury for this path-

way.

Trigger-values for the soil-to-groundwater pathway and “insignificance thresholds” for
groundwater are based on different conventions. The derivation of “insignificance

thresholds” also includes ecotoxicological agreements.

192




Remediation Techniques

Christian Weingran
HIM, Germany

There are two basic approaches to remediation:
— Elimination of the risks by removing or destroying contaminants

— Control of risks (reduction / management) to an acceptable level by reducing
contaminant concentrations or by containing the contaminants, such as install-

ing barriers between the contaminants and potential receptors.

In the past cleanup was very often based on civil engineering approaches aiming at
maximum risk control (excavation/containment) or risk elimination. Groundwater reme-
diation has focused on the removal of contaminated water form the subsurface and

treating it at the surface (P&T)

From a technical point of view these approaches are still the fastest way to solve the
problem. If there is an urgent need to reuse the sites or to solve a problem this is an
advantage. The high costs associated with these methods are a big disadvantage and

were prohibitive in many projects.

As a consequence concepts which focus on the control of the groundwater plume or
the containment of the source rather than the elimination of the source have received

increasing attention during the recent years.

A lot of active and passive in-situ technologies have been developed, that address the
contamination of soil and groundwater and avoid the (effects and cost of) excavation
and the above ground environmental impacts but require more time. They have less

predictable results and may require long time monitoring and aftercare.

The selection of the appropriate technology is critically dependent upon:

— the goals which are set for site remediation. Goals can be defined on various

levels, e.g. reduction of potential or reduction of actual risk.

— the remediation strategy: e.g. a risk reduction/management strategy may sug-
gest the use of pump and treat systems, physical and/or hydraulic containment

systems.
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The remediation strategy developed for a particular site may combine both approaches
and several different methods. Different mobility of the components of a mixture of con-

taminants will require different methods, strategies and priorities of remediation.

Integrated strategies consisting e.g. of P&T for hydraulic control and dissolved plume
mass removal combined with source targeted technologies have been determined to
be a most effective long term solution in many cases and may lead to cost-effective
remediation measures specifically suitable to large industrial areas, where the source
zones are often poorly defined or hardly accessible.

Selection and integration of technologies should use the most effective contaminant
transport mechanisms to arrive at the most effective treatment scheme. To assess the
applicability and potential performance of technologies, information is required on the
contaminants present and the physical, chemical, and biological properties of the mate-
rial to be treated.

Treatment technologies capable of contaminant destruction by altering their chemical
structure are thermal, biological, and chemical treatment methods.

Treatment technologies used for extraction and separation of contaminants from envi-
ronmental media include soil treatment by thermal desorption, soil washing, solvent ex-

traction, and soil vapor extraction (SVE) and water treatment technologies.

Treatment technologies that immobilize the contamination include stabilization, solidifi-
cation, and containment technologies, such as placement in a secure landfill or con-
struction of treatment walls. No immobilization technology is permanently effective, so

some type of maintenance is desired.

Some technologies can be applied ex-situ (after contaminated soil or groundwater has
been removed for the treatment) or in-situ (without removing the contaminated media).
Ex-situ treatment may be performed on-site using mobile or transportable treatment

systems or off-site fixed treatment facilities.

The processes are frequently combined in treatment trains. A treatment train is a se-
guential combination of technologies or unit processes which treat recalcitrant matrices
more effectively than any single technology could. E.g. soil washing becomes the prel-

ude to chemical or biological treatment.
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Remediation of Contaminated Sites — Strategies

Martin Bittens,

Helmholtz Centre for Environmental Research — UFZ, Department of Ground-

water Remediation, Germany

In Germany and other European Countries, a large number of regions exist where in-
dustrial, military and mining activities during the past century have led to vast contami-

nations in soil, groundwater and surface waters.

Large-scale contaminated sites may severely affect human health, the environment
and the economy. Currently some 20,000 of these so called megasites exist in Europe
(including CEE States) with estimated costs for revitalization measures that exceed the
amount of 100 Billion Euros. The figures clearly demonstrate that revitalization of
megasites demands innovative site investigation and remediation strategies to make it

economically feasible.

Streamlining site investigations and cleanup decision a dynamic framework is needed
that allows site managers to achieve defined project objectives. According the TRIAD
approach which is being recommended by the U.S Environmental Protection Agency
elements such as systematic planning, dynamic work plan, on-site analytical tools need

be integrated in such an approach (EPA, 2005).

In preparation of effective site investigation measures a series of factors need to be
considered. These include technology selection, identification of potential exposure
pathways, hot-spot detection, assessment of risks for human health and the environ-
ment, design of a conceptual site model (CSM), calculation of clean-up levels, as well
as estimation and evaluation of costs for site improvement, operation, and mainte-
nance. Some of the factors are of particular relevance in developing an appropriate
remediation strategy for large scale contaminated sites, among them the CSM and the

delineation of contaminant sources in the subsurface.

The CSM is one of the primary planning tools that can be used to support the decision
making process managing contaminated land and groundwater on a large scale. The
CSM organizes available information about a site in a clear and transparent structure

and facilitate the identification of data and information gaps. Once the CSM is estab-

195



lished, additionally needed data can be gathered and integrated in the CSM, followed
by a revision of the CSM and a refinement of decision goals, if required. Thus, the CSM
matures and enables an improved understanding of the site characteristics, such as

contamination status, receptor profiles, etc., and the re-adjustment of decision criteria.

The detection of hot spots is essentially for the design of source removal measures.
Particularly on contaminated sites of large extent, the hot spot search would cause
enormous costs if it is performed on basis of soil and/or groundwater samples taken
from a regularly grid mesh. A more cost effective approach is the application of geosta-
tistical methods which allow the hot spot identification under definite boundary condi-
tions (probability of hitting or missing hot spots, maximum size of hot spots that would
be hit, a grid of samples based on finding a hot spot of a defined size with a distinct

probability).
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Remediation of the Chemical Production Facility
(CFM) of Marktredwitz

Dr. Gernot Huber
Bavarian Environment Agency, Germany

Introduction

For nearly 200 years, products containing inorganic and organic mercury were proc-
essed in the Chemical Production Facility in Marktredwitz (Chemische Fabrik Mark-
tredwitz), the oldest chemical manufacturing facility in Germany. The plant caused se-
rious environmental pollution before it was closed down in 1985. This is an overview of
the measures performed between 1986 until now for environmental risk assessment,

decontamination and restoration of the contaminated site and its surrounding area.

Basic studies

A research project on risk assessment for the mercury-contaminated site in Marktred-
witz was realised prior to the remediation of the CFM. Analytical methods for the de-
termination of mercury, especially the differentiation of inorganic and organic forms of
Hg, have been derived, and the Hg content of soil, water and air was measured in
Marktredwitz and surrounding areas. Transport pathways for mercury by air and water
have been specified.

CFM premises

On the premises of the chemical production facility, the concrete and the brick-
structures of the buildings as well as the subsurface soil and soil- and groundwater
were severely contaminated with mercury (up to 5 000 mg/kg in subsurface soil and up
to 200 mg/l in soil water). For the protection of the nearby river (Kdsseine) a vertical
groundwater barrier was installed; for the decontamination of the site, technical facili-
ties and buildings were demolished. Soil excavation of material containing more than
10 mg mercury per kg and a groundwater pump-and-treat system (remediation target <
1 pg/l Hg) were employed until 1996. About 55 000 metric tons of contaminated debris
and soil were treated in an off-site soil treatment facility and cleaned up to concentra-

tions of mercury below 50 mg/kg by soil washing and vacuum distillation. The treated
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soil was deposited in a mono-landfill (4-ply mineral base seal). 35 000 metric tons of
excavated soil were land filled directly. Another 5 000 metric tons containing chemical
wastes and treatment residuals from the manufacturing process were deposited in a

subsurface landfill.

Revitalisation of the CFM premises

The premises in the centre of Marktredwitz were completely decontaminated and could
thus been made available for different types of uses. Today an office and shopping

centre — now an important part of the townscape - is located on the site.

City centre of Marktredwitz

Soil sampling and analysis were done in the nearby city centre in order to characterise
the contamination in this area. Mercury content up to 180 mg/kg soil was determined.
Furthermore, water, sediment, air, dust and food samples were analysed for mercury.
Based on specific exposure scenarios, environmental health risk assessments for resi-
dents living in the municipal area were carried out. Consequentially, in gardens with
more than 33 mg mercury per kg soil (trigger value for housing areas with gardens
case-specifically deduced for Martkredwitz), soil excavation and backfilling with clean
soil were done. Human bio-monitoring (sampling of blood and urine) was performed as
well. The scientific research carried out indicates that there is no fundamental threat to
human health.

River and flood plains downstream the CFM

Mercury-contaminated effluents have been discharged into the rivers Kdsseine and
Roéslau without any effective pre-treatment for about 190 years. Analyses of water and
sediment showed that for more than 15 km downstream of the CFM, river bed sedi-
ments were contaminated up to 700 mg mercury per kg and flood plains contained up
to 170 mg mercury per kg agriculturally used soil. Highest concentrations in river sedi-
ments were measured in backwaters from weirs; from these zones and a cooling water
pond of a power plant, about 34 000 metric tons of river sediments were removed.
Thus more than 900 kg Hg were recovered from the river system. The risk for ground-
water and drinking water quality was assessed, no adverse effects were predicted.
Forage (grass) from the flood plains is regularly analysed, reassessed for mercury con-
tent and evaluated for the foodstuff use Human uses in the flood plains (i.e. play-

grounds, allotment gardens) were mapped, soil sampled and case specific measures
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carried out. A bio-monitoring program has been installed in order to monitor the effects
of the site remediation on the aquatic ecosystem (fish, macro-invertebrates, macro-
phytes). An enormous reduction of Hg content in the river ecosystem over a wide area
due to closing down and remediation of the CFM and its environment could be

achieved, but contamination still exists in future.

Transboundary commission for water quality protection

In the river system mercury has been transported across the national border to the
Czech Republic and transfer of mercury, but in considerable lowered amounts after
close down and remediation is still going on. Further measures are realised in close
contact to the Czech neighbour country due to coordination by a transboundary com-

mission for water quality protection.
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11 Transparencies

The transparencies of the workshop presentations are available on the attached CD.
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