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Focus of the study

This study is focused on monitoring and evaluation of pollution by
heavy metals in the industrial region of Alaverdi in the north-east of
Armenia.

Potential sources of pollution:

Metallurgical plant, Alaverdi
Copper mines and tailing dams, Akhtala

Mine and tailing dam, Teghut

Potential contaminants:

Heavy metals (arsenic, cadmium, chromium, copper, molybdenum, nickel,

k lead, zinc)
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Sampling sites
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Sampling and analytical procedure

eSamples: 22 sediment, 27 soil, 6 sand, 2 slag, 11\
hair

*Mixed samples formed by several partial samples taken
in various places of the given locality were usually taken

«Sediments were taken by a core sampler, samples of
soil and sand from playgrounds were taken by means of
a shovel into polyethylene containers (V =500 mlor V =
250 ml)

*Heavy metals were determined after mineralization

procedure by atomic emission spectrometre 4200 MP
AES (Agilent Technologies)

*Mercury was measured directly in solid samples by LI
AMA254 analysator (Altec) pru L r
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Toxicity of target heavy metals
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Pollution assesment at the site

mits mag/kg As Cd Cr Cu Mo

rmenian soil
standards 2 NA 6.0 3 NA 4.0

French soll
standards 37 20 NA 190 NA NA

Dutch soll

standards 34 1.6 100 40 254
US EPA -
RSL 0.61 70 0.29* 3,100 390 1500
Czech
pollution
indication 40 20 NA 300 NA 200
Czech
background
concentration 20 0.5 90 60 NA
Czech
playgrounds 10 0.3 85 45 0.8
Czech use of
sediments 30 1 200 100 -
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Health risk assessment

Risk exposure to substances with non-carcinogenic effect — average
received and absorbed dose with acceptable toxicological intake of the

substance is compared. HQ (Hazard Quotient) - represents the risk level

E
HQ=—
0 RfD

Risk exposure to substances with carcinogenic effect uses parameters -
lifetime average daily dose and specific factor (slope factor) are multiplied
ELCR (Excess Lifetime Cancer Risk) - indicator corresponding to the
probability of developing cancer with lifetime exposure

ELCR = LADD-SF

health risks in contaminated areas - it can integrate up to fourteen

Risk-Integrated Software for Cleanups (RISC) was used to assess human
\stible exposure pathways
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Evaluation of pollution at the site

Comparison (average) contaminant concentration at
the site and in background samples — both local and
worldwide

Comparison of upstream and downstream sediments

Comparison of contaminant concetration in soils with
respect to the predominant wind direction

Local hotspot detection - from a point sources of

@tamination
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Teghut — main findings
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Shnogh sediments downstream the Teghut mine/tailing dam are
more than 6/17 folds more polluted by copper/molybdenum than the
samples upstream the dam.

*The sampling data demonstrates elevated concentrations of copper in the
soil samples watered by Shnogh river in comparison with soil samples
watered from other clean sources
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Teghut — discussion and resolution

*The likely source of pollution is the mining activity and/or tailing dam in
Teghut

Vegetables grown on the soil wattered from Shnogh river are likely
contaminated by the elevated concentrations of copper in soil

*Mining and tailing dam leakages should be avoided from inflows to the
Shnogh river

*As an precautionary measure, river sediments should be avoided from
deposition on agricultural soils

eConcentration of metals in food stuff should be monitored
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Akhtala — main findings

«Sediments from Akhtala river (Shamlugh) inflows belong to the most
polluted samples by copper (up to 9500 mg/kg) and zinc (4000 mg/kg),
also molybdenum (90 mg/kg), and arsenic (55 mg/kg) is present (for
coparison Czech standarts for application of sediments on agricultural soils:
100 mg/kg Cu, 300 mg/kg Zn, and 30 mg/ks As)

eAkhtala river inflows influence the concentration levels of the metals in the
Akhtala river itself

In addition to analytic results, the pollution is demonstrated by precipitation
of copper sulphate on the rocks (cyan colour)
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Akhtala — discussion and resolution

" «The mining activity itself is the likely source of the pollution by copper,
zinc, molybdenum, and arsenic (accompanying metals).

*Qutlets of mining waters into the Akhtala river (Shamlung) basin should be
avoided
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Alaverdi — main findings about heavy metals in sediments

*Alaverdi smelter is the main potential source of heavy metals in sediments:

e Concentration of copper rises from 73 (upstream) to 2260
mg/kg (under the smelter)

e Concentration of molybdenum rises from 0.8 (upstream) to 600
mg/kg (under the smelter)

« Concentration stabilize their values to 800 — 900 mg/kg (Cu) and
200 mg/kg (Mo) dowstream
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AlaverC“ — discussion and resolution about heavy metals in sediments

*Efficiency of waste water treatment should be improved and quality of
discharged water monitored
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Alaverdl — main findings about heavy metals in soils

*Garden and orchard soils close to metallurgical factory exhibit
alarming and much higher levels of copper (up to 1900 mg/kg),
arsenic (up to 80 mg/kg), and zinc (up to 1800 mg/kg) than distant
locations

*Oxidative stress of plants is observed at the gardens of hight copper
concentrations in soils

*Soil pollution demonstrates transfer of the pollutants from metallurgical
plant with air streams
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Alaverdl — discussion and resolution about heavy metals in soils

*VVegetables and other food stuff grown at polluted soils are likely
contaminated by the metals

*Effective fume and dust collection and cleaning should be applied
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Alaverdi — main findings about heavy metals in kindergadens and children playgrounds

«Sand from children playgrounds exhibit extremely high concentration
of copper (up to 5200 mg/kg), arsenic (140 mg/kg), zinc (1200 mg/kg),
and cadmium (3.7 mg/kg)

*All sand samples exceed up to 116 (Cu) /14 (As) /14 (Zn) /12 (Cd)
folds Czech hygienic norms for children playgrounds
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Alaverdi — discussion and resolution about heavy metals in kindergadens and children
playgrounds

a

The results raise concerns for children health!

«Sand material must be frequently replaced to maintain safe
environment for children games

N
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Alaverdi — main findings and resolution about heavy
metals in slug

*High concentrations of heavy metals (>9000 mg/kg Cu; > 1600 mg/kg
Mo; > 900 mg/kg Zn) were found in slag storages along the road

*Slags are potential sources of persistent organic pollutants (i.e., dioxins)

*Slag should not be used as an anti-slippery material for road surfaces
(available and cheap inert materials can be applied)
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Alaverdi — main findings and resolution about heavy

*Three human hair samples exhibit far-high copper concentrations in
comparison with average levels

*Three samples (from 11) with elevated and high levels of heavy metals
(Cu, Pb, Hg) were cut from only women from the sampled group who eat
local fish

Human diet based on local fish consumption is an potential exposure
pathway of heavy metals to the body of sampled women
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Final conclusions

Continue with analysis of the environment

Cooperation on environmental issues —
strenghtening discussion

*Application of fast measures to protect the
population - eg. frequent replacement of sand

Improve environmental technologies in metallugical
plant in Alaverdi and used in mining operations

o
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Thank you for your attention
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This presentation was prepared and published as a part of the project
,,Involvement of Civil Society in Decision Making Process on Mining in

Armenia” with the financial assistance of the Ministry of Foreign Affairs o
Czech Republic under Transformation Cooperation Programme.

The content of this presentation does not reflect the official opinion
Ministry of Foreign Affairs of the Czech Republic.
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Concentrat
Sample ion in soil Parameter Exposition pathway
(mg /kg)
Ingestion of Dermal contact | Ingestion
soil and dust | of soil and dust crops -
vegetable

ALA -3 - ELCR

PLAY - 4 143.2 Children 3,9E-05 2,3E-06

ALA -3 - ELCR

PLAY - 5 140.6 Children 3,8E-05 2,2E-06 \ -

ALA -3 — :

PLAY - 4 143.2 HQ Children 1,0E+00 6,0E-02

ALA -3 — :

PLAY - 5 140.6 HQ Children 1,0E+00 5,9E-02
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Number of samples exceeding limits (total 52
samples of soil and sediment, 6 samples of sand)

Mo Ni

Armenian
soil
standards

US EPA —
RSL

NA 53

Czech
pollution
indication
Czech
auxiliary
criterion
B

Czech
playgroun
ds

NA 0

12 0
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