Chapter 8

Application of Vivianite Nanoparticle
Technology for Management of Heavy Metal
Contamination in Wetland and Linked Mining
Systems in Mongolia

Herbert John Bavor and Batdelger Shinen

Abstract A demonstration of the feasibility of application of iron phosphate (vivi-
anite) nanoparticle techniques, coupled with phytoremediation, for remediation of
heavy metal contaminated soil and water resources is proposed for urban and peri-
urban areas of Ulaanbaatar and also developing mining regions of Mongolia. The
work will be followed by more wide spread application of the remediation tech-
nique and strengthening of the environmental assessment and analytical capacity of
government public health and environmental management agencies. Remediation
of metal contaminated soils due to anthropogenic inputs from urban development
and mining activity in Mongolia is considered an important issue by the World
Health Organization and the Mongolian Government. Such remediation is urgently
required within Ulaanbaatar and at sites such in the Zaamar district, Tuv Province,
downstream in marshes and mires of the Tuul River and also in the Boroo River
catchment. Silt, mud and metals have contaminated large areas as a consequence of
large multi-national mining operation, widespread artisanal mining and other
unregulated mining activities. The current situation and approaches to be taken are
considered.
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8.1 Introduction

Remediation of metal contaminated soils and water resources, due to urbanisation
and mining activity in Mongolia, is considered an important issue by the World
Health Organization and the Mongolian Government. The problem of heavy metal
contamination has been reported both in the capital city, Ulaanbaatar with a popula-
tion of approximately 1.4 million, and also in many regional areas of Mongolia
(Chung and Chon 2014; Murao et al. 2006; Tumenbayar 2003; World Bank 2006).
The body burden and human health impact resulting from the use of mercury in
artisanal gold mining is high not only in the miners themselves, an increased mer-
cury hazard was also found for inhabitants of mining areas who were not actively
involved in mining (Steckling et al. 2011).

8.2 The Situation

Ulaanbaatar, the capital city of Mongolia in the central Asia (Fig. 8.1), is reliant on
a coal-based fuel-energy complex which is one of the major sources of environmen-
tal pollution. The city has three coal-fired thermal power plants and about 100,000
dwellings using coal for their heating and cooking. About half of the city inhabitants
live in apartments and the other half in traditional tents (gers) and small individual
houses. About 80 % of inhabitants living in apartments use central heating and hot
water from the three thermal power plants which are located in the city center, and
the rest of the inhabitants of apartments use heating boilers and individual stoves.
Their basic fuel is brown coal of the Baga Nur, Nalaikh, and Chulut deposits, which

Fig. 8.1 Map of Mongolia showing Provinces, towns and road/rail network
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are enriched in Pb, As, and Mo. Control or reduction of coal combustion emissions
is uncommon. Gasoline in the country is treated with tetraethyl lead and catalytic
converters are rarely present or functional. These conditions have resulted in poor
air quality, soil and water pollution with contaminants including Hg, As, Zn, Cu, Cr,
Cd, Mo and Pb (Kasimov et al. 2011).

In recent years, artisanal gold mining (digging and smelting by individuals, usu-
ally unregulated) is increasingly gaining momentum in developing countries as a
subsistence activity. In Mongolia, it is largely practiced in rural areas by unem-
ployed or struggling herder populations who lack the requisite education, training,
management skills and equipment required to carry-out such activities in an envi-
ronmentally sustainable fashion. It is estimated that the total number of artisanal
miners in Mongolia is about 50,000, including approximately 25,000-35,000 arti-
sanal miners who are panning placer gold in the North Khentei gold belt.
Contamination from their activities includes elemental Hg waste, tailings, silt and
mud runoff containing Hg, Pb and other metals. These workers are called “Ninja”
miners because their clandestine activity in narrow, irregular, mining excavations
reminds people of historical Japanese secret service mercenaries, Ninja. (Murao
et al. 2000).

Silt, mud and metals have contaminated large riverine, wetland and mire areas as
a consequence of widespread artisanal mining and other mining activities (Figs. 8.2
and 8.3). It has been reported that placer gold mining (mining of stream bed or allu-

Fig. 8.2 Artisanal mining diggings site, Tuul River catchment, June 2015 (Photo: Batdelger
Shinen)
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Fig. 8.3 Water turbidity and silt deposits from mining activity in the Tuul River marshes, October,
2013 (Photo: Batdelger Shinen)

vial deposits) at the Zaamar site has increased the total riverine mass flows of Al, As,
Cu, Fe, Mn, Pb and Zn by 44.300, 30.1, 65.7, 47.800, 1.480, 76.0 and 65.0 tonnes
per year, respectively (Thorslund et al. 2012). Remediation is urgently required at
sites within Ulaanbaatar and in the Zaamar district, Tuv Province, downstream in
marshes and mires of the Tuul River and in the Borro River catchment. The impor-
tance of wetland nutrient transformation has been noted in Mongolia, however, the
potential of wetland systems for heavy metal and sediment management has not
been recognized (Itoh et al. 2011). The above contaminated areas are within an
approximate 200-300 km radius of Ulaanbaatar (Fig. 8.4), predominantly in the
NW and NE sectors.

Unlike many other developing countries, artisanal mining is not part of tradi-
tional subsistence economy in Mongolia. It is suggested that the initiation of arti-
sanal mining and its dramatic growth over the past decade, particularly in terms of
organizational structure, is an outcome of poverty-driven self-help efforts to reduce
some of the more insidious effects of developing a market economy, including job
loss, declining real incomes, decline in rural services, and the difficulty all govern-
ments face in providing a rural safety net particularly in the face of natural disasters
and climate change (World Bank 2006).
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Fig. 8.4 Major operating mines and mineral deposits in Mongolia (Source: Rheinbraun
Engineering und Wasser GMBH. 2003. “Review of the environmental and social policies and
practices for mining in Mongolia.” Rheinbraun engineering background papers. Cologne)

8.3 Remediation Options and Recommendations

A number of remediation approaches have been used to diminish toxic effects of
metals in the environment. Remediation of metal contaminated soil and sediment
may involve separation, excavation, thermal extraction, stabilisation or biological
methods. Physical separation processes are used to reduce the volume of metal con-
tamination in size or type for further treatment. Excavation of contaminated soils
and impoundment in landfill is a conventional method in developing counties (Figs.
8.5 and 8.6). However, this technique is environmentally disruptive and can result in
an increased risk of heavy metal leaching (Mulligan et al. 2001).

Prevention of pollution is always preferable to follow-on remediation. It is
important to emphasise that mining, industrial and agricultural activities should
always use environmentally sustainable and responsible methodologies. As such
practices are commonly not rigorously followed in both developed and developing
countries, metal contamination is a difficult and wide spread issue in many parts of
the world. Heavy metal remediation techniques such as excavation and disposal or
physical separation of contaminants from polluted sites are often inappropriate to
apply in large and heavily contaminated areas due to economic, site social and eco-
system disruption and energy constraints. It is suggested that immobilization tech-
niques, coupled with phytoremediation options, are more feasible and economical
approaches in situations such as are present in Mongolia.
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Fig. 8.5 Schematic representation of river diversion, dredging and overburden placement as used in
mining operations at Zaamar, Tuv province, Mongolia. The technique results in major ecosystem dis-
ruption, sediment discharge, downstream metal contamination and is often left with no rehabilitation,
resulting in further erosion and sediment discharge. The sequence could be modified with wetland
creation to minimize sediment inputs to downstream waters and erosion of diversion channels

Fig. 8.6 Sediment sampling from tailings settling dam, large-scale mining site at Oyu Tolgoi,
July, 2013 (Photo: Batdelger Shinen)
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Previous studies have investigated the feasibility of iron phosphate (vivianite)
nanoparticles for stabilisation of heavy metals in wetland sediments. Plant species
such as Helianthus annuus were also used to phytoremediate the stabilised heavy
metals. The effectiveness of the treatment was verified by examining nanoparticle
sequestered metal leachability (Fig. 8.7), bioavailability and speciation in sediments
using a Toxicity Characteristic Leaching Procedure, Physiologically Based
Extraction Test and Sequential Extraction Procedures, respectively (Bavor and
Shinen 2015; Rauret 1998; Ruby et al. 1999; USEPA 1992). These studies focussed
on Cu and Zn, however, a number of researchers have reported significant immobil
isation/phytoremediation, using similar approaches for As, Pb and Hg (Almaroaia
et al. 2014; Cabrejo and Phillips 2010; Ferreyroa et al. 2014; Goldowitz 2006).

A demonstration program for the feasibility of application of iron phosphate
(vivianite) nanoparticle techniques, coupled with phytoremediation, for remedia-
tion of heavy metal contaminated soil and wetland linked water resources is recom-
mended for establishment in selected contaminated sites within Ulaanbaatar and at
sites such in the Zaamar district catchment area, Tuv Province, downstream in
marshes and mires of the Tuul River and also in the Boroo River catchment.

Fig. 8.7 Toxicity Leachablhty Of CU., /n

Characteristic Leaching
Procedure (TCLP) showing
reduction in Cu and Zn 9 -
leachability in untreated
and nanoparticle (VPN)
amended sediment.
Leaching solution
consisted of glacial acetic
acid & sodium hydroxide
(USEPA Method 1311,
1992). Total reduction of
leachability was 22 % for
Cu, 69 % for Zn

TCLP Leachability (%)

OCu 82 64
OZn 45 14
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The program should include the following components in an integrated remedia-
tion approach:

» Strengthen laboratory capability and field monitoring skills.

 Staff training.

 Infrastructure development — equipment, reagents and standards for sediment,
plant biomass and water analysis.

¢ Characterize concentration, form and distribution of metals at selected site(s).

» Establish objectives and linkages with local stake holders.

* Establishment of small scale demonstration site(s) to verify remediation tech-
nique, linking immobilisation and phytoremediation techniques.

» Up-scale application of selected technique protocols to large field site.

* Monitoring to manage and confirm efficacy of remediation.

* Consideration of more wide-scale application of remediation.

8.4 Conclusions

Pollutant inputs from increased urbanisation and both regulated and unregulated
expansion of the mining activities in Mongolia have resulted in an urgent need for
heavy metal remediation of soil and water resources in urban and peri-urban areas
of Ulaanbaatar and also in contaminated mining-activity regions of Mongolia.

A number of studies have investigated nanoparticle and phytoremediation tech-
nologies for the stabilisation of heavy metals. The studies support the establishment
of an integrated feasibility program to demonstrate of use of wetland-linked
nanoparticle and phytoremediation technology for stabilisation/removal of heavy
metals in contaminated sediments and water resources. Experimental data indicates
that stabilised nanoparticles can effectively decrease the leachability and bioimpact
of heavy metals. Further, the approach has been estimated to be economical and
have ancillary ecosystem benefits. Such a program would require a government
multi-agency approach and, given the developing country status of Mongolia, min-
ing industry and/or international funding assistance would be needed.
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