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a b s t r a c t

Cu smelting has had a severe impact on the environment around the town of Karabash, Russia.
Dispersion modelling has been carried out to estimate atmospheric fallout of metals and metalloids
(henceforth termed metals for brevity) from the copper smelter, calibrated and ground-truthed using
metal concentrations in transplanted and naturally growing lichens.

Lichens (Hypogymnia physodes) were transplanted in June 2011 from a relatively little impacted
‘reference site’ to stations in NEeSW and WeE transects centred on the smelter at Karabash. The
transplants were removed during September 2011 and then analysed for As, Cu and Pb. The results were
compared with deposition loads estimated using TAPM modelling which was carried out for particles of
various sizes, and with simple chemistries, and with the smelter conceptualised as a continuously
emitting point source.

Variation in the ratio of lichen divided by modelled concentrations was lowest for Pb, ranging from
30.3 to 939.9 and 4.9e107.8 for PM2.5 and PM10, respectively, across eight sample points.

The TAPM modelling is in agreement with previous studies that smelter emissions are the major
source of environmental Pb deposition around Karabash. Further modelling will be required to deter-
mine whether the Pb in the lichens is largely sourced from current smelter airborne emissions or
windblown soil particles containing historic additions of Pb.
Copyright © 2015 Turkish National Committee for Air Pollution Research and Control. Production and

hosting by Elsevier B.V. All rights reserved.

1. Introduction

Copper smelting, particularly where pollution control measures
are inadequate, results in emissions to air of SO2 (Newhook et al.,
2003; Williamson et al., 2008) and particulate matter containing
a range of metals such as As (Zhao et al., 2010), Pb (Swarup and
Dwivedi, 2012), Cu, Cd (Cuypers et al., 2012) and Cr (Yeganeh
et al., 2012). These are potentially harmful to human respiratory
health and may accumulate through the food chain (Garrow et al.,
2000). Copper-bearing and other metallic compounds have been
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measured at potentially harmful levels in cultivated crops (Yang
et al., 2002) and in commonly consumed wild foodstuffs such as
fungi collected close to smelters (Svoboda et al., 2000; Kom�arek
et al., 2007). The human ingestion of heavy metals such as Pb and
Cd has been shown to cause a wide variety of health problems
which can include damage to the skeletal (Engstr€om et al., 2012),
renal and reproductive systems (World Health Organization, 1996).
Problems associated with Pb, and other heavy metal exposures, can
arise at all stages of life, from foetal development onwards (Kantola
et al., 2000; Araya et al., 2006).

An area well documented as experiencing the environmental
effects of Cu smelting is Karabash in the Ural Mountains of Russia,
where large scale smelting has been carried out since the 1830s
(Spiro et al., 2004; Russia Channel, 2013). The spatial pattern of
airborne particulate fallout from the Karabash smelter has been
assessed from the chemical analysis of lichens found growing
naturally and transplanted to and retrieved from locations at dis-
tances of up to 33 km from the smelter (Williamson et al., 2004;
Spiro et al., 2012). Further to evidence being drawn depicting
“gross contamination for up to 10 km from the smelter” (Tote et al.,
2014), anomalies in public health have caused concern, e.g. findings
of “very high” levels of Pb within hair sampled from local children,
and As, Pb and Zn in locally grown vegetables significantly above
Russian maximum allowable concentrations (Revich, 2010).

The use of lichens in biomonitoring is well established for a
variety of pollutants including fallout of heavy metals from
smelters (Conti and Cecchetti, 2001). It is comparatively low cost
and is discrete which is ideal for forensic applications and may
avoid issues of equipment tampering. Its application is particularly
favourable in spatially extensive surveys of remote regions where it
is impractical or too costly to employ large numbers of recording/
sampling devices (Nimis et al., 2002). Beyond simple mapping of
pollutant levels in the atmosphere, their fallout and impacts, re-
searchers have shown correlations between lichen bioindicators
and locally elevated levels of serious illnesses including cancer
(Cislaghi and Nimis, 1997). Various methods of lichen bio-
monitoring may be applied including assessments of species
abundance, diversity and health, and chemical and isotopic
composition. Where lichens are not naturally present (e.g. the
environment is too contaminated), transplants may be used. These
are sampled from a ‘background’ or ‘reference’ site and trans-
planted to monitoring stations for a fixed exposure period. The
lichen transplants can then be analysed, and their compositions
compared with samples from the reference site to determine and/
or map relative levels and sources of metals and other chemical
species incorporated over a known time period.

To our knowledge this is the first time that lichen biomonitoring
techniques have been combined with contemporary computer
modelling. The benefits of this combined approach are that com-
puter modelling, once ground-truthed, is relatively rapid and
cheap, can be carried out remotely, avoiding political and socio-
logical sensitivities (Purvis et al., 2013), problems with site acces-
sibility and unfavourable weather conditions. Lichen and other
similar biomonitoring methodologies may be compromised by
heavy snow or rain, snow effectively excluding lichen surfaces from
atmospheric deposition and heavy rain potentially washing par-
ticulate off lichen surfaces (Purvis et al., 2013). Lichen monitoring
also ideally requires standard conditions at lichen monitoring sta-
tions for data comparability, which are not always present,
including broadly similar habitats (woodland density and type etc.),
phytogeographical zones and transplant station/tree characteristics
(tree species, height and girth). In addition, lichens should not be
regarded as ‘inert deposimeters’ or ‘passive filters’ of airborne
pollutants, and lichen biomonitoring is not quantitative as there are
a number of factors which can affect particle deposition and

retention of metals and other species within lichen tissues and on
their surfaces (Purvis et al., 2013).

For the computermodelling aspect of the study, we have applied
the atmospheric dispersion model TAPM [CSIRO, Canberra,
Australia, (Hurley et al., 2005)] in order to predict the magnitude of
dry deposition from emissions of the Karabash smelter. With the
exception of mercury, heavy metals emitted from industrial pro-
duction and combustion processes are typically bound to particu-
late matter. Dispersion and deposition of PM10 and PM2.5 have been
used as an analogue for metal dispersion and deposition rates. This
approach was successfully used in a recent study which found high
levels of metals in the fine and ultrafine airborne particle fractions
around a copper smelter near Huelva, Spain (Gonz�alez-Castanedo
et al., 2014).

The aim of this study was to test the TAPMmodel for predicting
the spatial distribution of particulate metal fallout around the
Karabash smelter, Russian Federation. This was achieved by
comparing the results with measured As, Cu and Pb contents of
naturally growing and transplanted lichens (Hypogymnia physodes),
collected at various distances from the smelter.

2. Materials and methods

We used “TAPM”, an atmospheric transport model, to simulate
the near-source atmospheric transport and dry deposition of par-
ticulate matter-bound metal emissions around the Karabash
smelter (54� 42 N, 52� 34 E) (Fig. 1). Meteorological data, which
underpins the TAPMmodel, was examined for the period 10th June
to 16th September 2011. A modelling framework evolved which
used local weather data and, in the absence of reliable and accurate
emissions data for the smelter, an estimated emissions rate, based
on production data (DKL Engineering, 2012), refined to

Fig. 1. Sites at which lichens were transplanted around the smelter at Karabash and
which lay within the solution grid (grid spacing 2 km). The smelter lies at the centre of
this grid depicted by the yellow square (source: TAPM, CSIRO). The green areas
represent land whereas bodies of surface water are shown as blue. This graphic is
taken directly from TAPM. Overlain is a radial plot of the wind direction, (in three
figure compass bearings and rounded to the nearest 22.5�) relative to the smelter
taken hourly throughout the model period. Wind direction is predominantly from the
NW.

A.S. Pollard et al. / Atmospheric Pollution Research 6 (2015) 939e945940



Download English Version:

https://daneshyari.com/en/article/4434645

Download Persian Version:

https://daneshyari.com/article/4434645

Daneshyari.com

https://daneshyari.com/en/article/4434645
https://daneshyari.com/article/4434645
https://daneshyari.com

