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EXECUTIVE SUMMARY

The AUA School of Public HealttSPH)in collaboration withPure Earti{previously
Blacksmith Institutgconducted a thorough risk assessment in 11 communities affected by
mining and smelting industries in Armenia. The study aimed to quantify the amount of heavy
metalssuch as arsenic, lead, chromium and cadmiurasidential soil to assess the ecological

impact of contamination on the communities and to estimate health risks that heavy metals pose

to human health.

Based on the results tiferapid risk screening of toxic waste sites in Armeniastiely
teamidertified 11 most affected communities in Lori and Syunik marzes, including Alaverdi,
Akhtala, Armanis, Metz Ayrum, Chochkan, Agarak, Artsvanik, Kajaran, Kapan, Lernadzor, and
Syunik communities.

In total, 1930 soil samples from the targgimmunities were dlected and tested in the
laboratory.The fieldwork and laboratory operatitepam followed standard protocdiased on
international best practices for all the steps of the assessment including soil sampling,
transportation, preparation (homogenizatiowjrdy and sieving) and analysis by the XRF
analyzer

Considering the level of pollution detected in each community and the population size at
risk, thestudy teandeveloped a priority list of communities for interventions such as cleanup
activities, educadnal awareness raising programs to reduce human exposure to heavylmetals.
addition,the SPH researchers made maps of lead and arsenic contamination for each of the 11
communities. This helped to visualize the overall trends of heavy metal contamindtien
communities and the source of pollution.

The team has developed educational brochures on health risks from heavy metals,
including lead and arsenic, and preventive measures and gave them to landowners, when the
testing results were above tmaximum allowable levels.

The SPH shared the results of TeroughRisk Assessemmtith the Government of
Armenia including Prime Ministero6s Office,
Emergency Situations as well as Lori marz authority, inolugli ma y o s 6f élaverdi &nd c e
Akhtala.
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INTRODUCTION

Based on the results of thapidrisk assessment of the Toxic Waste Siteroughrisk
assessment was conductedhe 11 mostaffectedcommunitiesof Lori and SyunikMarzes
including Alaverdi, Akhtala, Armanis, Metz Ayrum, Chochkan, Agarak, Artsvanik, Kajaran,
Kapan, Lernadzor, and Syunik villageking into account the level of the pollution and size of

theaffectedcommunity

The number of soil samplesllected from eachommunitywasdetermined by
calculaing the population size at risk in the community affected by potential sources of pollution
(e.g.,mining andore processing factorigimcluding smelters or tailingondg. The selected
communities were grouped intioree categories:.&maltsizedvillages umber of soil samples
collected:90-116), 2 Mediumsized villages/smakized towngnumber of soil samples
collected:166-202), and 3Largesizedtowns(number of soil samples collecteziz9-289).

Soil samplesvere collected from yards, gardens, schaold kindergarten playgrounds
in addition to background samplessatface, 10cmand 20 cm depth outside and inside all of the
11 communities. In Akhtala, soil samples were also collected from the Akhtala glamdcand
nearbyclosed tailingoondcurrently covered with soil and treds.all the communities, with the
exception of Alaverdcommunity, the research team processed the collected soil samples at the
environmental laboratory and then tested them using an XRF analyz&lavéerdi, the direct
in-situ/grab soil testinghethodwasutilized withthe XRFspectrometerStandard protoals
developed according to international best practioetuding continuous quality assurance
procedure(s)were followed during the isitu testing, soil sample collection, preparation and

testingprocedures?.

Tablel presents the details of the 11 commiies. For thethoroughrisk assessment in
11 selected communitid®30 soil samplesverecollected and testeddditional313testing
were dondor the quality assurance purpogesluding the calibration, blank and double
testings) The testing results were compared wiireereference levels: Maximum Allowable
Concentrations (MAC), Clean up Levels (CL) and Highest Background Level (BBI0rm
and20 cm deptl{see Table 2)

Table 3 presentthetotal undetected anthoseundetected measuremetttat have

estimated_OD abovethe MAC. Themost concerning resultge noticed witfCadmium



samples: thanalyzer failed to detect a@admiumconcentrationn 98.5% ofthesamples.
However the calculated LOD for all #tsesamplesvere above MACFailure to detect
concentrations of Cadmium doest necessédy mean in realitfow Cadmiumconcentratios in
the samples, buhé physicatharacteristicef the soil or other factors might disrupt the
detection ability of the instrument. For other analytes of intetfespercentage of thendetected
samplesare quite low €.9.,4.7% for Arsenic, 0.3% for Lead, 8.73% for Chromium) #rel
calculated LOD fotheundetecteddamplesxceeded MAE for Arsenic (2.5% othesamples out
of thetotal sample$ and Chromium (5.9%f the samples out of the total samples

Table 4comparativelysummarizesheresultsabove MAC, CLandHBL for Arsenic,
Lead, Chromium and Cadmiufor all thecommunitiesThe study teardevelopednaps of lead
and arsenic contamination for each of the 11 communities to visualize the overall trends of heavy

metal contamination in the communities and the sourpeltution (see Figures)

In order to prioritizehe affected communitieBr implementingnterventionssuch as cleanup
activitiesandeducational awareness raising progranascouldreduce peopli exposure to

heavy metalsthe following criteria areonsidered:
1) Highest number ofommunity samples that are ab@vke for Lead
2) Highest number ofommunity samples that are abdve for Arsenic

3) Highest number ofommunity samples that are above MAC for Arsenic

Weighting coefficients of 2:2:1 wagplied for criteria 1, 2 and 3 accordingly. The highest
weight is given to criteria 1 and 2 sinttey both (CL for Lead and Arsenic) target the necessity
of remediation activities and are based on the health effettte populatiorat-risk. Weighting

was done fotargesizedtowns mediumsized villagessmallsized towns andmallsized

villagesseparately.

Table 5 summarizes the priority list for interventions. Results show that amongilzede
towns, Alaverdi community is the most contaminated dnaaisl be a priority for interventions.
Among mediurssized villages/smatsized towns, the most polluted community is Akhtaid

Armanisis the most contaminated comniiyramong smaikized villages.



Table 1. Communities Selected for Environmentallhorough Risk Assessment
by Population Size and Soil Sample Type and Number

D - N of

N N of Soil Samples Background N of samples  Total

c S - - schools  from N of
Community '% © - 5 Inside - Outside and schools  sail

S - © © o commuocommu i ger and  sample

2 s © 5 o nit nit g P

) >c§ T £ c Y Y artens  kinderg S

o o O = 10 20 10 20 artens

— Ccm cm cm cm

Artsvanik 652 66 30 1 1 1 1 2 10 113
Lernadzor 634 63 37 1 1 1 1 2 10 116
Mets Ayrum 986 60 30 1 1 1 1 2 10 106
Syunik vilage 1,023 51 23 1 1 1 1 2 10 90
Agaraktown 4,800 91 75 2 2 1 1 2 10 185
Akhtala 2400 111 37 20 5 2 2 1 1 4 20 202
Chochkan 2,138 100 50 O 0 1 1 2 10 166
Alaverdi 16,500 251 5 5 1 1 4 20 289
Kajaran 8,436 250 2 2 1 1 4 20 279
Kapan 45,711 251 2 2 1 1 4 20 281
Armanis 620 51 26 1 1 1 1 2 20 103

*The population was taken from the official websitesnafrzesof Armenia( marznamé . gov . a m)

Table 2. Referencel evels forComparison

Heavy MAC CL HBL (depth 10cm, 20 cm)
Metals mg/kg mg/kg mag/kg
TS E ¢ o
£ 5 5 = 2 2 8§ ¥ T § g R xa
T s £ 8 £ § & € & & ® SE&
S o = < e (@] ()] 0 = © c S =
n = © = = N < < c g X ) n s
£o < < < 2 0 < 4
As 12 100 20 40 31 56 83 17 10 35 39 61 55
Pb 400 400 29 59 140 75 94 178 11 129 157 60 26
Cr 64 -* 99 147 391 203 203 215 123 238 177 221 147

Cd 14/1.4 -* ND? ND ND ND ND ND ND ND ND ND ND
" Not identified
LIn Alaverdi highest outside measurement was considered
2ND 1 Not detected




Table 3. Total UndetectedM easurements andJndetectedMeasurements with the

Calculated LOD above MAC

Heavy
Metals

MAC mg/kg

% of undetected
measurements out of tota

n/N

Range of 1

% out of total
above MAC

n/N

Range of

ma/kg above MAC
mg/kg
Residential/ Agricultural
As 12 4.7% 2.5%
91/193( 48/193(
4-304 13-304
Pb 400 0.3% 0%
5/193C 0/1930
7-13 -
Cr 64 8.73% 5.%
155/193( 114/193(
37-299 65-299
Cd 14/1.4 98.5% 98.5%
1902/193( 1902/193(
15-80 1580




Table 4. Results above MAC, CL, HBL forAll Communities

Communities

Lori Marz Syunik Marz

Alaverdi Akhtala Armanis Metz Chochkan Agarak Artsvanik Kajaran Kapan Lernadzor S.yunlk

Ayrum village
% above MAC  100.0%  93.6% 82.3% 99.0% 91.4% 31.0% 51.0% 97.4% 96.7% 92.2% 83.1%
As % above CL 73.4% 2.9% 1.0% 0.0% 0.6% 0.0% 0.0% 0.7% 2.9% 0.0% 0.0%
% above HBL 98.6% 44.0% 7.3% 1.9% 0.6% 5.1% 76.9% 30.3% 11.2% 0.0% 2.2%
% above MAC 22.6% 26.7% 5.8% 0.0% 1.2% 0.5% 0.9% 3.2% 4.3% 0.9% 0.0%
Pb % above CL 22.6% 26.7% 5.8% 0.0% 1.2% 0.5% 0.9% 3.2% 4.3% 0.9% 0.0%
% above HBL 99.0% 90.1% 25.2% 19.8% 12.1% 3.8% 91.2% 20.5% 19.6% 32.8% 74.4%
o % above MAC  100.0%  97.9% 100.0% 100.0% 96.9% 96.2% 96.2% 100.0% 99.6% 99.1% 97.8%
% above HBL  100.0%  49.5% 6.2% 6.9% 7.4% 7.0% 47.2% 39.8% 21.1% 15.2% 23.6%
% above MAC  100.0% 100.0% 100.0% --- --- --- --- 100.0% 100.0% 100.0%

Cd % above HBL

Table 5. Priority List: Interventions for the Affected Communities

Large-Sized Towns
Population (843645711)

Medium-Sized Villaged
Small-Sized Towns

Small-Sized Villages
Population (6201023)

Population (21384800)
Alaverdi Akhtala Armanis
Kapan Chochkan Lernadzor
Kajaran Agarak Artsvanik
Mets Ayrum
SyunikVillage




RESULTS
l. Lori Marz Communities
1. Alaverdi Community

The insitu testing of residential soil samples in Alaverdi was performed by XRF analyzer
from July 25 to 27 of 2013. The entire town was divided into five se(teesPicture }.and50
soil samplesvere tested fromeach sectorin addition ta20 soil saples fromtwo schoolyards
and two kindergartens. In total, 271 soil samples were testeda?¥iles fromesidentialyards,
10 fromtheschoolyards and 10 from the kindergarten yardh addition 18 soil samples were
tesedto assess the background exposure to heavy nis¢ssnges of background
measurements Table 1.0) To ensurejuality assurang&?2 tests were performed: télibration
tests 18 blanktestsand 15 double samptests The duration of the testing timeas 60 seconds.
The testing results were compared with three reference levels: Maximum Allowable
Concentrations (MAC), Clean up Levels (CL) and Highest Background Level (HBL) of 10cm,
20 cm deptl{seeTable 1.1).The reference level for background wassidared to be the highest
concentration of heavy metalSonsideringhe fact that the smelter inside Alaverdi has been
operating for more than two centuries causing pollution of deeper layers of soil, only the outside

community background sample was colesed.

Table 1.0 Alaverdi community: Range of background measuremeist

Inside community Outside community
Heavy metals Range (mg/kg) Range (mg/kg)
As 20-222 19-24
Pb 19-333 14-33
Cr 180 99

Cd - -

Table 1.1.Alaverdi Community : ReferencelL evels forComparison

Heavy MAC CL HBL (10cm, 20 cm depth)

Metals mg/kg mg/kg mg/kg
Residential/ Agricultural

As 12 100 20

Pb 400 400 29

Cr 64 -* 99

Cd 14/1.4 -* Not detected




* Not identified

Some measurements of the community soil saniplesresidentialyards, schools and
kindergartens were belotlie LOD the XRF analyzerThe results ofindetectedneasurements
are presented in Table 1\When the analyzer could not detect the analytaterest, calculated
LOD was provided which is counted as three times the error of counting statistics of each
measurement. Interestingly, calculat€dD differed for each measuremeAtsenicwasnot
detected in 1% ddll samples testeahdthe calculted LODwasabove MAC Lead wasot
detected in 0.3%f all samples testeout calculated LOQvasbelow the MAC Chromiumwas
not detected in 36.7% cases and the lM3above MAC Cadmiumwasnot detected in 99%

of all samples testeaind the LODfor these samples wesbove MAC.

Table 1.2.Alaverdi Community: UndetectedM easurement

% of undetected
measurements out of tota

Heavy MAC mg/kg n/N
Metals

Range of

% out of total
above MAC

n/N

Range of

ma/kg above MAC
mg/kg
Residential/ Agricultural
As 12 1.0% 1.0%
3/289 3/289
16-35 16-35
Pb 400 0.3% 0.0%
1/289 0/289
13 -
Cr 64 36.7% 36.7%
106/28¢ 106/28¢
107-299 107-299
Cd 14/1.4 99.7% 99.7%
288/28¢ 288/28¢
31-80 31-80

All undetecteaneasurements were excluded from further analysisle 1.3 presents

percentage of all samples that exceeded the three reference levels: MAC, HBL (depth 10cm, 20



cm), CL as well as the GM and the range of all detected measureResidts indicate that

100% of allsamplesexceeded MAC for Arsenic, Chromium and Cadmium and 22684
samples exceed@dAC for Lead. GM for Arsenic exceegtithe MAC more than 13 timeBor
Arsenig 73.4% of soil samples need cleapwhile only22.6%sampledor Lead.CL for

Chromium and Cadmium were not identified during the literature review and standards were

substantially different across countti€®r Arsenic, Lead and Chromiuf@admium was not
detected in the soilesults exceeded HBL by 98.6%, 99.0% and 984%erdingly suggesting
that even for Arsenic and Chromium backgroiewklsexceeded MACThissuggestshat even

in comparison with the highest backgrouedels thesurface level exposuis high, which is an

indication ofexternal pollution.

Table 1.3. Alaverdi Community: Comparison of Results to MAC, HBL (depth 10cm, 20

cm) and CL

MAC % above MAC

% above CL % above HBL

2 mglkg out of detected Iec;/:tle%ltjégf HBL out of detected
3]
= = n/N CL AN (depth n/N
% = g mg/kg 10cm, 20
5 T= GM and Range cm GM and Range
T 3 § of all detectegd GM and Range : of all detectegd
& S ma/kg of all detected ma/kg
< mg/kg
As 12 100% 100 73.%% 20 98.6%
286/286 210/286 282/286
159.9 159.9 159.9
151064 151064 151064
Pb 400 22.6% 400 22.6% 29 99.0%
65/288 65/288 285/288
237.5 237.5 237.5
14-3703 14-3703 14-3703
Cr 64 100.0% ---* 99 98.%%
183/183 180/183
341.7 341.7
72-6063 72-6063
Cd 14/1.4 100% ---* Not
1/1 Detected
41
41

* Not identified



Table 1.4 presents the resudteceeding MAC by sample typ€M and range of all detected
measurementd.he results show that Arsenic and Chromium levels in all samples from yards,
schoos and kindergartens are above MAC. Lead exceeds MAC in 21.6% yard soil samples and
55.0% of schoolrd kindergarten samples. Cadmium was detected only in one sample and the
results exceeded MAC. In yard samples, GM exceeds MAC for Arsenic by 13.5 times and
Chromium by 5.6 times. GM for Arsenic in school and kindergarten samples exceeds MAC by

18.8 timesand Chromium by 4.6 times. Lead also exceeds MA®Ng these samples

Table 1.4.Alaverdi Community: Results above MAC bySample Type

&Agkcg Soil Sample Type
% Yard School &
5 = _ Kindergarten
e g8 % §y GMand % §y GMand
> g = MAC  Rangeof MAC  Range of
T T3
o B all all
T £2 n/N detected  n/N detected
mg/kg mg/kg
As 12 100.0% 162 100.0% 225.7
250/250 24-1064 20/20 71-594
Pb 400 21.6% 246.1 55.0% 402.3
54/250 40-3703 11/20 116841
Cr 64 100.0% 355.9 100.0% 296.9
165/165 1356063 14/14 199582
- - 100.0% 41*
Cd 14/1.4 - - 1 17

* Only one measurement was done

Table 1.5 shows the results above MAC by sections. In all sections, Arsenic and Chromium
levels are above MAC in 100.0% of samples. Lead levels exceed MALQPo of samples

from Section 1 and 42.9% of samples, the highest percefitageSection 2, which is closest to

the smelter. Lead levels also exceed MAC in 7.1% of samples from Section 3, 30.9% of samples
from Section 4 and 16.7% of samples from Secddion

Table 1.6 shows results that are above MAC by CL. Results show that 75.2% of yard soll

samples exceed CL for Arsenic and 21.6% for Lead. Samples from school and kindergartens



exceed Clin 85% for Arsenic anth 55.0% for Lead.

Table 1.7 summarizesitsample test results above the CL collected from the designated five
sections. GM mean for Arsenic is the highest in section 2 (241.1 mgiaeeded CL by 2.4

times), in this section 88.9% of samples exceeded CL. The next most contaminated section is
number 4, where GM is 218.2 mg/kg and exceeded MAC by 2.2 times. In section 1 65.5% of
testing exceeded CL for Arsenic and GM exceeded CL by 1.3 times, in section 3 54.7% testing
exceeded CL for Arsenic and GM exceeded CL by 1.1 times and in section 5é6&&8ded

CL for Arsenic and GM is above CL for Arsenic by 1.3 times.

GM exceeded for Lead exceeded CL for Lead in section 2 and the 42.9% of testing exceeded CL
in this section. In section 1 14.0% exceeded CI for Lead, in Sectioh1®46, in Section 4
30.9% and in Section 5 16.7% exceeded MAC for Lead.

10



Table 1.5.Alaverdi Community: Results above MAC bySections

MAC Sections
© malkg 1 2 3 4 5
O] ~
E TS 0w o OMand o. ¢« GMand o ¢« GMand v ¢« GMand o. « GMand
gc % % ¥ % ¥ % g %y
% = % MAC Range of MAC Range of MAC Range of MAC Range of MAC Range of
3 ©3 all all all all all
T 35 detected detected detected detected detected
< N mg/kg N mg/kg N mg/kg N mg/kg N mg/kg
As 12 100.0% 125.7 100.0% 241.1 100.0% 110.6  100.0% 218.2 100.0% 127.6
58/58 24507 63/63 64-1064 53/53 19568 55/55 55912 54/54  24-605
Pb 400 14.0% 222.7 42.9% 409.4 7.1% 155.3 30.9% 296.8 16.7% 189.3
8/57 44771 27/63 86-3703 4/56 39995 17/55  52-857 9/54 191013
Cr 64  100.0% 418  100.0% 372.7 100.0% 302.1 100.0% 388.8 100.0% 367.1
37/37 50/50 1356063 24/24 157-2009 35/35 1762074 34/34 2001537
Cd 14/1.4 100.0% 41 - - - - - - -
1/1

* Only one measurement was done

Table 1.6.Alaverdi Community: Results above CL bySample Type

SampleType

1% .
% vard School & Kindergarten
= cL GM and GM and
> malk 0 an 0 an
§ gk o QL Range of o QL Range of
T all detected all detected
n/N n/N
mg/kg mg/kg
A 100 75.2% 162 85.0% 225.7
S 188/250  24-1064 17/20 71-594
Ph 400 21.6% 246.1 55.0% 402.3
54/250 40-3703 11/20 116841

11



Table 1.7.Alaverdi Community: Results above CL bySections

Sections
CL
TE malkg 1 2 3 4 5
% GM and GM and GM and GM and GM and
2 % @L Rangeof % @L Rangeof % @L Rangeof % @L Rangeof % @L Range of
& all all all all all
L n/N detected n/N detected n/N detected n/N detected n/N detected
mg/kg mg/kg mg/kg mg/kg mg/kg

As 100 65.5% 125.7 88.9% 241.1 54.7% 110.6  90.9% 218.2 68.5% 127.6

38/58 24-507 56/63 64-1064 29/53 19568 50/55 55912  37/54 24-605
Pb 400 14.0% 222.7 42.9% 409.4 7.1% 155.3 30.9% 296.8 16.7% 189.3

8/57 44771 27/63 86-3703 4/56 39-995 17/55 52-857 9/54 19-1013

Picture 1. Alverdi Community: Map with highlighted sectors.
7 \¢ for i ' Copp :4"’{nr".' 1

7 3 f) “= ™ L

-
-~ -
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2. Akhtala Community

Thethoroughrisk assessmerfteld work in Akhtalacommunity took place in Octob2013.
The town was divided intfour sectorswith the churchyardoeingconsidered a separate testing
area The investigators collected 202 soil samplekl from yards, 37 from gardensséd for
agricultue), 20 from schod and kindergartens, 9 for background purpassurface,10cmand
20cmdepthinside and outside of the communfbut of them, one background measurement
was done in churchyard to understand the level of contamination and results not considered
while defning HBL, range of remaining background measurements presented in the Table 2.0
20 from the churchyard and 5 from the surface of the recultivated tpdimg

Soil samples were prepared in the laboratory following the protocol devddaped on
reviewof internationaluidelines. The preparation procésssoil samples took place in
November of 2013 and imcluded drying, homogenization and sieving. The prepared soll
samples were tested by the XRF analyzer (INNOV-2000) based on the protdateveloped
for soil testing. The testing process took place in December of i@ 90 seconds as the
duration of testing time. Sampldsplayingtest results below the LOD and above the MAC
were retested again March(or April) of 2014using240 seondsas the testing tim&he
testing results were compared with three reference levels: Maximum Allowable Concentrations
(MAC), Clean up Levels (CL) and Highest Background Level (HBL) of 10cm, 20 cm (kasth
Table 2.1).

Table 2.0 Akhtala community: Range of background measurements

Heavy metals Range (mg/kg)
As 20-58
Pb 36-123
Cr 101-160
Cd -
Table 2.1.Akhtala Community: Referencel evels forComparison
Heavy MAC CL HBL (10, 20 cm depth)
Metals mg/kg mg/kg mg/kg
Residential/ Agricultural
As 12 100 40
Pb 400 400 59
Cr 64 -* 147
Cd 14/1.4 -* Not Detected

13



* Not identified

Some measurements of the community soil samples (iis,y&udools and kindergartens)
were belowthe LOD of the XRF analyzer. The resultswidetected measurements are presented
in Table 2.2Whenthe analyzer could not detect the analyte of intecastulated_OD was
providedwhich is counted as three times the error of counting statistics of each measurement.
Interestingly, alculatedLOD differed for each measurement. Table 4 presamistected
measurements for which the calculated LOD was above MAC. Resulgblef 4 shay that for
Arsenic and Cadmiunthecalculated LOD of alundetected measurements exceeded MRS
means thatindetected measurements are not a sign of low concentration of analyte of interest
rather the physical matrix of sallsruptsthe detection ability of the instrument. For Chromjum

outof the5% undetecteaneasurements only 0.5% exceeded MAC.

Table 2.2.Akhtala Community: UndetectedM easurements

Heavy % of undetected % above MAC
Metals measurements
MAC mg/kg n/N n/N
Range of LRange of LODG®G
mg/kg mg/kg
Residential/ Agricultural

As 12 13.4% 13.4%
27/20z 27/20z
17-146 17-146
Pb 400 0% 0%
0/202 0/202
Cr 64 5.0% 0.5%
10/20z 1/202
50-66 66
Cd 14/1.4 91.6% 91.6%
185/20z 185/20z
17-38 17-38

All undetecteaneasurements were excluded from further analysisle 2.3 presents
percentage of all samples that exceeded the three reference levels: MAC, HBL (depth 10cm, 20
cm), CL as well as the GM and the range of all detected measureferusding to the resulfs
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93.6% of all detected measurements exceeded MAC for Arsenic, 26.7% for Lead, 97.9% for

Chromium and 100% of Cadmiu@®M of detected measurements for Arsenic exceeded MAC

by 3.1 times. For Arseni@.9% of soil samples need cleap and 26.7% for LeaL for

Chromium and Cadmium were not identified during the literateweewand standards were

substantially different across countries. According taelseresults 44.0% of Arsenic, 90.1% of

Lead and 49.5% of Chromium exceeded the highest backgroundrereasis (Cadmium was

not detected in the sdilThisindicaiesthatthe surface level exposure was higeeen in

comparison with the highest background measurethessuggesting external pollution.

Table 2.3 Akhtala Community: Comparison of Results toMAC, HBL (depth 10 cm, 20

cm) and CL
MAC % above MAC % above CL % above HBL
% out of detected level out of out of detected
< Makg detected
o HBL
Z 33 N CL nIN (depth 10, N
5 £33 mo/kg 20 cm)
O o3 GM and Range GM and Range GM and Range
T 38 of all detected 9 of all detected
& S ma/kg of all detected ma/kg
< mg/kg
As 12 93.6% 100 2.9% 40 44.0%
169175 5/175 77/175
37.6 37.6 37.6
9-276 9-276 9-276
Pb 400 26.7% 400 26.7% 59 90.1%
54/202 54/202 182/202
293.8 293.8 293.8
15-30,083 15-30,083 15-30,083
Cr 64 97.9% ---* --- 147 49.5%
188/192 95/192
147.4 147.4
55-525 55-525
Cd 14/1.4 100% ---* Not
17/17 Detected
53.6
21-281

* Not identified

Table2.4 presents the results exceeding MAC by sample, tgpeandtherange of all detected
measurements. The most significant finding is that 95% of churchyard samples exceeded MAC

for Lead. Table 7 preststhe results bgectonssuggesting that the most contaminadesdricts
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of the town are located near the tailpgd and the churchyard 40.5% and 27.0% of samples
in ATransporto and ASvinetso districts respec
and 10.6% of test i nDistricteexde&ladrMAG farrL,éad. and dABar it
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Table 2.4. Akhtala Community: Results above MAC bySample Type

Soil Sample Type

MAC
Mg/kg Yard Garden School & Churchyard Tailing Pond
= Kindergarten
g - 9y M GMand % y M GMand % y M GMand % y M GMand % y GMand
> I8 Range of Range of Range of Range of all MAC Range of
o S % n/N all n/N all n/N all n/N detected all
r 2 2 detected detected detected mg/kg n/N detected
z g mg/kg mg/kg mg/kg mg/kg
As 12 97.2% 36.9 94.3% 36.1 95.0% 49.4 100.0% 58.7 1000% 215
104/107 9-177 33/35 1092 19/20 12-276 2/2 46-75 5/5 17-36
Pb 400 18.9% 2301 27.0% 264.3 5.0% 130.5 95.0% 4841.1 0.0% 37.7
21/111 1512,562 10/37 76-8,174 1/20 19592 19/20 263-30,083 0/5 26-110
cr 64 98.1% 1520 97.1% 136.3 95.0% 149.5 1000% 157.3 1000% 88.5
103105 62-525 3334 59-253 19/20 55-280 20/20 80-378 4/4 70-114
cd  14/14 1000% 55.3 1000% 100.3 - - 1000% 45.2 - -
4/4 23-106 3/3 37-182 - - 9/9 21-281 - -
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Table 2.5 Akhtala Community: Results above MAC bySections

MAC Sections
2 mglkg I-ATranspor 2-ASvinets 3AiSarahart 4-AiBarito
z District District District District
E I3
= = N GM and - GM and . GM and - GM and
% é % % M4 Range of all %oy M/ Rangeof all %y M/ Range of all %y M/ Range of all
T B -2 AN detected /N detected AN detected /N detected
A mg/kg mg/kg mg/kg mg/kg
As 12 93.9% 28.2 1000% 41.3 98.0% 38.6 93.5% 43.0
31/33 11-92 37/37 17-129 48/49 11-177 43/46 9-276
Pb 400 40.9% 326.5 27.0% 56-2,565 4.0% 129.0 10.6% 221.9
15/37 2512,562 10/37 279.5 2/50 15705 5/47 19-2,731
Cr 64 90.3% 116.2 1000% 161.2 100.0% 154.1 97.8% 154.1
28/31 59-165 36/36 82-525 49/49 65-393 45/46 55-280
Cd 14/1.4 1000% 715 1000% 88.8 - - 100.0% 37*
3/3 23150 3/3 52-182 1/1 -

* Only one measurement was done

Table2.6and?2.7illustrate theresults above CL by sample type and section. In all detected yard sa2rpleseeded cleamp for Arsenic and

18.9% for LeadAmonggarden sample®7.0% needed cleaunp for Leadand amongindergarten and school samples 10.0% needed-alean

for Arsenic and 5.0% for Lead\mongchurchyard sample85.0% needed cleaup for Lead. According to Table,20.5% and 27.0% of

sampl es

n

i T r a rDsstacts respectively ekcedd&dvcleam leviel SobLead, whereas only 4.0% and 10.6%amhplesn
ASar ahar t distacts éxcadeded VIACtfod Lead.
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Table 2.6. Akhtala Community: Results above CL bySample Type

SampleType

1)
% Yard Garden School & Kindergarten Churchyard Tailing Pond
= CL
> malk 0 GM and 0 GM and o O GM and oh O GM and o o GM and
§ 9lkg % gL Range of % gL Range of oy Range of oy« Range of & Range of
T all detected all detected all detected all detected all detected

n/N n/N n/N n/N /N

mg/kg mg/kg mg/kg mg/kg mg/kg
As 100 2.8% 36.9 0.0% 36.1 10.0% 49.4 0.0% 58.7 0.0% 21.5
3/107 9-177 0/35 1092 2/20 12-276 0/2 46-75 0/5 17-36

Pb 400 18.9% 2301 27.0% 264.3 5.0% 130.5 95.0% 4841.1 0.0% 37.7

21/111  1512,562 10/37  76-8,174 1/20 19592 19/20 263-30,083 0/5 26-110

Table 2.7. Akhtala Community: Results above CL bySections
cL Sections
(%) malk 1-ATranspc 2-ASvinet 3-AfSar aha 4-ABar it 5 - Churchyard
g SA District District District District
= GM and GM and GM and GM and GM and
% % @L Rangeof % @L Rangeof % @L Rangeof % @L Rangeof % @L Range of
O all all all all
T n/N detected n/N detected n/N detected n/N detected n/N all detected
mg/kg
mg/kg mg/kg mg/kg mg/kg
As 100 0,0% 28.2 2,7% 41.3 2,0% 38.6 6,5% 43.0 0.0% 58.7
0/33 11-92 1/37 17-129 1/49 11-177 3/46 9-276 0/2 46-75

Pb 400 40.5% 326.5 27.0% 279.5 4.0% 129.0 10.6% 2219  950% 4841.1

15/37 2512,562 10/37 56-2,565 2/50 15705 5/47 192,731 19/20 26330,083
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After careful testing 0202 residential soil samplestime AkhtalaCommunity, the results

indicate tha®3.6% of all detected measurements exceeded MAC for Arsenic, 26.7% for Lead,
97.9% for Chromium and 100% for CadmiuBackground testing (aimed ientify the natural

level of heavy metals in the community and to comparsaiiesampleesults withbackground

levels) showed that Lead is below MAC and Cadmium is not detected in the measurements.
Background level of Arsenic and Chromium exdedthe MACin 44.0% and 49.5% afamples
According to the resulisoil samples that need cleanup for Arsenic were observed ind2.9%
sampleq3 yard samples and 2 samples frasthod andakindergartenjand 26.%o for Lead.

Out of 54 samples that need cleamniuie to lead contaminatioh9 were fronthe churchyard

(35.2%) Therefore immediate actions should be taken to remediate the churchyard soil, which is

the most popular publimeetingandentertainmenkocation inthe community.

3. Armanis Community

Agricultural and residential soil samples were colle@ed testedrom the Armanis
Community when performing theefd work for thethorough risk assessmentSeptembeof
2013.A total 103soil sampleg51from yards, 26 from gardens, 20m a schobanda
kindergarterand 6 for background measuremeatsurface,10 and 20cm depth inside and
outside of the communitywere collected throughout the community, prepared in the laboratory
and tested via XRF Spectrometer. The testing process took plaeeembenf 2013 The
duration of testing time was 90 seconds. SampigsbelowLOD test resultsvere retested

again with the testing time of 240 secoim#larch (or April) of 2014 The testing results were
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compared with three reference levels: Maximum Allowabbncentrations (MAC), Clean up
Levels (CL) and Highest Background Level (HBL) of 10cm, 20 cm dégatéTable 3.

Table 3.0 Armanis community: Range of background measurements

Heavy metals Range (mg/kg)
As 9-25
Pb 68-140
Cr 98-391
Cd -
Table 3.1. Armanis Community: Referencel evels forComparison
Heavy MAC CL HBL (10, 20 cm depth)
Metals mg/kg mg/kg mg/kg
Residential/ Agricultural
As 12 100 31
Pb 400 400 140
Cr 64 -* 391
Cd 14/1.4 -* Not detected

* Not identified

Some measurements of the soil samples wel@vLOD of the XRF analyzer. The
results ofundetecteaneasvements are presented in Tabl2 3Vhenthe analyzer could not
detect the analyte of interestlculated_OD was provided Wichis determinedyy multiplying
theerror of each measureméns st at i st i.Resultsillystratdd that theldulatede s
LOD differed for each measurement. Table [@@sentshe undetecteaneasuremestof soil
samples fowhich the calculated LOD as above MACResults of table.2 showthat Arsenic
was not detected in 6.8% of total samples, howdgadwas detected in all samples. Chromium
was not detected in 5.8% samples and Cadmium was not detected in 98.1% of samples.
Calculated LOD of nomletected measureents exceeded MAC for Arsenic in 2.9% of samples,

Chromium in 1.9% of samples and Cadmium in 98df samples.
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Table 32. Armanis Community: UndetectedM easurements

0,
Heavy % of undetected % out of total

Metals above MAC
measurements out of tota

MAC mg/kg n/N N

Rangeo f LODCRange of

ma/kg above MAC
mg/kg
Residential/ Agricultural
As 12 6.8% 2.%
7/103 3/103
10-18 17-18
Pb 400 0% 0.0%
0/103 0/103
Cr 64 5.8% 1.9%
6/103 2/103
45107 69-107
Cd 14/1.4 98.1% 98.1%
101/10¢ 101/103
17-33 17-33

All undetecteaneasurements were excluded from further analysisle 33 presentshe

percentage of all samplegceedinghe threeaeference levelsMAC, HBL (depth 1@m, 20

cm), CL as well athe GM and therange of all detected measuremeAiscording to the resulfs
82.3% of Arsenic samples, 5.8% of Lead samples, 100% of Chromium and Cadmium samples
exceededhe MAC. Out of all samples, 1.0% exceeded CI for Arsenic and 5.8% for Lead. Out of

all samples, 7% of Arsenic, 25.2% of Lead and 6.2% of Chromium samples exceeded HBL.
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Table 33. Armanis Community: Comparison of Results to MAC, HBL (depth 1@m, 20
cm) and CL

% above CL

MAC % above MAC % above HBL

2 mglkg out of detected Ie(;/;le%ltjégf out of detected
< HBL
= = n/N CL /N (depth n/N
% = g mg/kg 10cm, 20
3 TRE= GM and Range cm) GM and Range
T3 § of all detected GM and Range of all detected
& S ma/kg of all detected ma/kg
< mg/kg
As 12 82.3% 100 1.0% 31 7.3%
79/96 1/96 7/96
17.5 17.5 17.5
8-169 8-169 8-169
Pb 400 5.8% 400 5.8% 140 25.2%
6/103 6/103 26/103
93.8 93.8 93.8
19-3353 19-3353 19-3353
Cr 64 100.0% ---* 391 6.2%
97/97 6/97
183.2 183.2
67-1201 67-1201
Cd 14/14 100.0% ---* Not
2/2 Detected
39.6
32-49

* Not identified

Table 34 presents the results exceeding MAC by sarnyple, GM and therange of all detected
measurementfesults show that yard soil samples exceeded MAC by 82.2% for Arsenic, 9.8%
for Lead, 100.0% for Chromium and 100.0% for Cadmium. In garden soil samples,
measurements exceeded MAC for Arsenic in 84.0% of samples, for Lead in 3.8% of samples and
for Chromium in 100.0% of samples. In school and kindergartens measurements, results
exceeded MAC for Arsenic in 80.0% of samples and for Chormium in 100.0% of samples.
Cadmium was not detected in garden, school and kindergarten soil measurements. Samples from
schoos and kindergartens did not exceed MAC for Lead.
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Table 34. Armanis Community: Results above MAC bySample Type

AIXIQkCg Soil Sample Type
% Yard Garden School & Background
5 = _ Kindergarten
E 2C % 9y GMand % § GMand % § GMand % § GMand
%’ é = MAC Range MAC Range MAC Range MAC Range
o p2 of all of all of all of all
T g = n/N  detected n/N detected n/N detected n/N detected
mg/kg mg/kg mg/kg mg/kg
As 12 82.2% 171 84.0% 16.7 80.0% 19.7 83.3% 17.2
37/45 8-169 21/25 1032 16/20 1072 5/6 0-31
Pb 400 9.8% 1356 3.8% 51.4  0.0% 79.5 0.0% 95.4
5/51 353353 1/26 19676 0/20 24-283 0/6 68140
Cr 64 100.0% 191 100.0% 174.6 100.0% 178.6 100.0% 175.9
47/47 67-1201 26/26 101-377 18/18 79548 6/6 98391
cd 14/1.4 100.0% 39.6 - - - - - -

212 3249 - - - - - -

4. Metz Ayrum Community

Agricultural and residential soil samples were collected and tested from the Metz Ayrum
Community during the field work for the thorough risk assessment in September oA 20t&3B.
106 soilsampleg60 from yards, 30 from gardens, 10 from a school and a kindergarterf@nd 6
background measurememtissurfacelOcm and 20cm depth inside and outside of the
community were collectedrom theentirecommunity, prepared in the laboratorydaested via
XRF Spectrometeihe testing process took place in Janwdr8014using90 secondss the
testing time Samples wittbelowLOD were retested again widtesting time of 240 seconds
March (or April) or 2014 The testing results were conmpd with three reference levels:
Maximum Allowable Concentrations (MAC), Clean up Levels (CL) and Highest Background
Level (HBL) of 10cm, 20 cm depflseeTable 4.).

Table 4.0 Metz Ayrum community: Range of background measurements

Heavy metals Range(mg/kqg)
As 24-56
Pb 29-88
Cr 98-203
Cd -
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Table 4.1.Metz Ayrum Community: Referencel evekfor Comparison

Heavy MAC CL HBL (10cm, 20 cm depth)

Metals mg/kg mg/kg mg/kg
Residential/ Agricultural

As 12 100 56

Pb 400 400 75

Cr 64 -* 203

Cd 14/1.4 -* Not detected

* Not identified

Some measurements of the soil samples were below LOD of the XRF andlgeer.

results of undetected measurements are presented in Tablethe2analyzer could not detect

the analyte of interegt providedthe calculated. OD which isdetermined by multiplyinghree

times the error of counting statistics of each measurempatalculated LOD differed for each

measurement. TableZipresentsheundetecteaneasurements for which the calculated LOD

was aboveMAC. Results of table 4.2 show that for Arsenic, Lead ah@ium, only in afew

samplegheanalyte of interestas not detectednd the calculated LOD was below the MAE

all measurementslowever theresults for Cadmium are completely different:rabasurements

were below thé.OD of the instrument and calculated LOD of all those measurements exceeded

MAC.
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Table 4.2.Metz Ayrum Community: UndetectedM easurements

Heav % out of total
MAC mg/kg n/N N

Range of

Ra rr]ng/ng of I abov% MAC

mg/kg
Residential/ Agricultural

As 12 2.8% 0.0%
3/106 0/106
1012 -
Pb 400 0% 0.0%
0/106 0/106
Cr 64 3.8% 0.0%
4/106 0/106
37-51 -
Cd 14/1.4 100.0% 100.0%
106/10¢ 106/10¢
1533 1533

All undetecteaneasurements were excluded from further analysis. AaBl@esentshe

percentage of samples out of the total samplesitate@d thethreereference levelsMAC,
HBL (depthof 10cm, 20 cm), CLin addition tothe GM and the range of all detected

measurements. According to the resi88% of allsamples testeeixceeded MAC for Arsenic

and 100% for ChromiumNone of thesampla exceeding MAC for Lead and there is no detected

measurement for Cadam. None of the measurements excee@&dor Arsenic and Leadlhe

resultsexceededdBL measurements 1.9% cases fohrsenic 19.8% cases fdread, and.9%

casedor Chromium.

Table 4.3 Metz Ayrum Community: Comparison of Results to MAC, HBL (depth 10cm, 20

cm) andCL
> L % above MAC % above CL % above HBL
>
g ¢ MAC ot of detected cL level out of HBL out of detected
T = mo/kg mg/kg detected (depth
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- n/N 10cm, 20 n/N
S s n/N cm)
$ 2 GMand Range GM and Range
2 3 of all detected GM and Range of all detected
L ? mag/kg of all detected mg/kg
mg/kg
As 12 99.0% 100 0.0% 56 1.%
102/103 0/103 2/103
24.4 24.4 24.4
9-64 9-64 9-64
Pb 400 0.0% 400 0.0% 75 19.8%
0/106 0/106 21/106
54.9 54.9 54.9
19-359 19-359 19-359
Cr 64 100.0% % 203 6.9%
102/1@ 7/102
127 127
75312 75-312
Cd 14/14 - % Not
Detected

* Not identified

Table 4.4 presents the results exceeding MAC by sample type, GM and range of all detected
measurements. Results show that Arsenic is above MAC giaualen, school and kindergarten
samples and in 98.2% of yard soil samples. In all yard, garden school and kindergarten samples

Chromiumlevels exceed MAC. None of the samples were above MAC for.Lead

Table 4.4.Metz Ayrum Community: Results above MAC bySample Type

I\'>I/Ig’]A/\kCg Soil Sample Type

c_U; Yard Garden School &

5 = _ Kindergarten

e 8 § % ¥ GMand % § GMand % ¥ GM and

> &= MAC Range MAC Range MAC  Range

® T 3

o B of all of all of all

- ¥ = n/N  detected n/N  detected n/N  detected

mag/kg mg/kg mg/kg

As 12 98.2% 23.1 100.0% 27.4 100.0% 20.8
56/57 9-64 30/30 1861 10/10 1337

Pb 400 0.0% 60.2 0.0% 48.1 0.0% 48.7
0/60 19359 0/30 19118 0/10 29113

27



Cr 64 100.0% 134.3 100.0% 132.2 100.0% 131.6
56/56 75312 30/30 81-181 10/10 91-268

Cd 14/1.4

5. Chochkan Community

The field work for the thorough risk assessmanthochkan Communitwascompleted
in Septembeof 2013.A total of 166 soil samples were collected throughout the community
from the residential and agricultural solfThe samples wengrepared in the laboratory and tested
via XRF SpectrometeOut ofthe 163 soil samplesl00 were from the yardsP3rom gardens,
10 from aschool and a kindergarten anéo® backgroundneasurementat surface,10 and 20cm
depth inside and outside of the commuifignge of background measurements presented in the
Table 5.0) Thetesting process took placeecembenf 2013 The duration of testing time was
90 seconds. Samples having test results b#dev.OD were retested again with the testing time
of 240 secondm March (or April) of 2014 The testing results were compared with three
reference levels: Maximum Allowable Concentrations (MAC), Clean up Levels (CL) and

Highest Background Level (HBL) dfocm, 20 cm deptfseeTable 51).

Table 5.0 Chochkan community: Range of background measurements

Heavy metals Range (mg/kg)
As 24-83
Pb 38111
Cr 109203
Cd -
Table 51. Chochkan Community: Referencel evelsfor Comparison
Heavy MAC CL HBL (10cm, 20 cm depth)
Metals mg/kg mg/kg mg/kg
Residential/ Agricultural
As 12 100 83
Pb 400 400 94
Cr 64 -* 203
Cd 14/1.4 -* Not detected

* Not identified
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Some measurements of the community soil samples were below LOD of the XRF
analyzer. The results ohdetecteaneasurements are presented in TalfeIf the analyzer
couldnot detect the analyte of intergstprovideddetermined_OD which iscalculated by
multiplying three times the error tfie counting statistics of each measurement. Calculated LOD
differed for each measurement. Tabl2presentshe undetectedneasurements for which the
calculated LOD was above MACeRults of table 2 shows that for Arsenic, Lead and
Cromium there are vergWw samples with the not detected analyte of interest and the calculated
LOD was below the MAC for allead and Chromiurmeasurementand above only in 0.6% for
Arsenic however the results for Cadmium are completely different: all measurements were
below e limit of detection of the instrument and calculated LOD of all those measurements
exceeded MAC.

Table 5.2. Chochkan community: UndetectedM easurements

0,
Heavy % of undetected % out of total

Metals above MAC
measurements out of tota

MAC mg/kg n/N N

Range of Range of

mglkg above MAC
mg/kg
Residential/ Agricultural
As 12 2.4% 0.6%
4/166 1/166
7-16 16
Pb 400 0.6% 0.0%
1/166 0/166
9 -
Cr 64 2.%% 0.0%
4/13%6 0/166
54-61 -
Cd 14/1.4 100.0% 100.0%
166166 166/16%
18-39 18-39
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All undetecteaneasurements were excladigom further analysis. Table®presents the

percentage of samples out of th&al sampleghat exceedethe threaeference levelsMAC,

HBL (depth 1@m, 20 cm), CL as well as the GM and the range of all detected measurements.
According to the result81.£% of all testing exceeded MAC for Arsenic2% for Leadand

96.9% for Chromium. There is no detected measurement for Cadrmmuirt% testing results

exaeeded ClI for arsenic and in 1.2% for Le@le results exceededghest background

measurements for Arsenic onlyQ@r6% testing, for Lead i12.1% and for Chromium i7.4%

testing.

Table 5.3. Chochkan community. Comparison of Resultsso MAC, HBL (depth 10cm, 20

cm) and CL
MAC % above MAC (ﬁsgloc\)/jt?f_ % above HBL
2 mglkg out of detected detected out of detected
£ HBL
= = n/N CL AN (depth n/N
% = g mg/kg 10cm, 20
O T= GM and Range cm) GM and Range
T 3 § of all detected GM and Range of all detected
g = ma/kg of all detected ma/kg
mg/kg
As 12 91.%% 100 0.6% 83 0.6%
148/162 1/162 1/162
20.8 20.8 20.8
7-115 7-115 7-115
Pb 400 1.2% 400 1.2% 94 12.1%
2/165 2/165 20/165
51.7 51.7 51.7
17-621 17-621 17-621
Cr 64 96.9% ---* 203 7.4%
157/162 12/162
126.2 126.2
55571 55571
Cd 14/1.4 - ¥ Not
Detected

* Not identified

Table 54 presents the results exceeding MAC by sample ypkand range of all detected

measurements. Results shthatin yard soil samples 93.8% exceeded MAC for Arsenic, in
1.0% for Lead and in 98.0% for Chromium.84.0% and 93.8% of garden soil testing results



exceeded MAC for Arsenic and Chromium respectively. In school and kindergarten testing
100.0% exceeded MAQ@IF Arsenic, 10.0% for Lead and 100.0% for Chromium. There is no
measurements exceeding MAC for Lead in garden soil tests. The instrument was not able to

detect Cadmium in any of measurements.

Table 54. Chochkan community: Results above MACby Sample Type

IOIAQEg Soil Sample Type
% Yard Garden School & Background
2 = _ Kindergarten
e 22 % 9§ GMand % § GMand % § GMand % § GMand
> & = MAC Range MAC Range MAC Range MAC Range
8 B8 of all of all of all of all
T ¥ < n/N detected n/N  detected n/N detected n/N  detected
mag/kg mg/kg mg/kg mg/kg
As 12 93.8% 19.3 84.0% 19.6 100.0% 34.2 100.0% 51.2
90/96 1054 42/50  7-115 10/10 1882 6/6 24-83
Pb 400 1.0% 55.7 0.0% 42.0 10.0% 57.2 0.0% 70.5
1/99 17-581 0/50 20-226 1/10 24621 0/6 38111
Cr 64 98.0% 1281 93.8% 1159 100.0% 163.7 100.0%  136.2
98/100 58326  45/48 55356 8/8 101571 6/6 109203
Cd 14/1.4 - - - - - ) - -

II.  Syunik region communities

6. Agarak community

The field work for the thorough risk assessment in Agarak Community was conducted in
August of 2013The entire town was divided infour sectors (see Pictuf®) and atotal of 185
soil samples were collected from the residential and agricultural drdes@mmunity. The
samples were prepared in the laboratory and tested via XRF Spectrometer. Out of 185 soil
samples, 91 were collected from yards, 75 from gardens, 10 from a school and a kindergarten
and 9 for background measuremeattsurfacel0 and Bcm depth inside and outside of the
community(range of background measuremgmissented in the Table(. The testing process

took place in January of 2014. The duration of testing time was 90 seconds. Samples with test
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results belowthe LOD were retestd again using 240 seconds as the testing Tilmeresults
were compared with three reference levels: Maximum Allowable Concentrations (MAC), Clean
up Levels (CL) and Highest Background Level (HBL) of 10cm, 20 cm depth Tablé.1).

Table 6.0 Agarak community: Range of background measurements

Heavy metals Range (mg/kg)
As 9-27
Pb 22-178
Cr 60-217
Cd -
Table 6.1. Agarak Community: Reference Levels for Comparison
Heavy MAC CL HBL (10cm, 20 cm depth)
Metals mg/kg mg/kg mg/kg
Residential/Agricultural
As 12 100 17
Pb 400 400 178
Cr 64 -* 215
Cd 14/1.4 -* Not detected

* Not identified
Some community soil sample test results (e.g., yard, gardens, schools and kindergartens)

were below the LOD of the XRF analyzer. The results ofitidetecteaneasurements are

presented in Table 6.According to the results, Arsenic was not detected in 14.6% of samples

and calculated LOD was above MAC in 1.1% of samples, Furthermore, Lead was not detected in
2.4% of samples and the calculated LOD we®w the MAC. Even though, Chromium was

detected in all samples, Cadmium was not detected in all the samples where the LOD was above
MAC.
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Table 6.2. Agarak Community: Undetected Measurements

0,
Heavy % of undetected % out of total

Metals above MAC
measurementout of total

MAC mg/kg n/N N

Range of Range of

ma/kg above MAC
mg/kg
Residential/ Agricultural
As 12 14.6% 1.1%
27/18E 2/185
5-14 1314
Pb 400 2.4% 0.0%
2/185 0/185
7-8 -
Cr 64 0.0% 0.0%
0/185 0/185
Cd 14/1.4 100.0% 100.0%
185/18¢ 185/18¢
15-36 15-36

All undetected measurements were excluded from further analysis. Table 6.3 presents the
percentage of samples out of the total samples that exceeded the three referenddfevels
HBL (depth 10cm, 20 cm), CL as well as the GM and the range of all detected measurements.
According to the results, 31.0% of the detected samples exceeded MAC for Arsenic, 0.5% for
Lead, and 96.2% for Chromiur@M for Chromiumexceeds the MAQ.1times.Clearrup level

exceeds only for Lead in 0.5% samples.

For Arsenic, Lead and Chromium results exceeded HBL by 5.1%, 3.8% and 7.0% accordingly
while Cadmium was not detected in the sblese numbemre less than the percentages
exceeding MACwhich coud suggest thathe natural background concentration of heavy metals
in the community is highThere were alssomesamples thagxceedeventhe high background

concentrations.
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Table 6.3.Agarak Community: ResultsCompared to MAC, HBL (depth 10cm, 20 cm) and

CL
MAC % above MAC (?esgloc\)/jtglf_ % above HBL
2 mglkg out of detected detected out of detected
£ HBL
= = n/N CL /N (depth n/N
% = g mg/kg 10cm, 20
O O = GM and Range cm) GM and Range
T 3 § of all detected GM and Range of all detected
g S ma/kg of all detected ma/kg
mg/kg
As 12 31.0% 100 0.0% 17 5.1%
49/158 0/158 8/158
11.1 11.1 11.1
5-27 5-27 5-27
Pb 400 0.5% 400 0.5% 178 3.8%
1/183 1/183 7/183
48.6 48.6 48.6
13-552 13552 13552
Cr 64 96.2% ---* 215 7.0%
178/185 13/185
135.4 135.4
50-671 50-671
Cd 14/1.4 - - Not
Detected

* Not identified

Table 6.4 presents the results exceeding MAC by sample type, GM and range of all detected

measurements. The results show thatard soil sample23.3% exceeded MAC for Arsenic, in
1.1% for Lead and 96.7% in Chromiumn.36.2% and 97.3% of garden solil testing results

exceeded MAC for Arsenic and Chromium respectively. In school and kindergarten testing

40.0% exceeded MAC for Arsenic and 90.0% for@@hium. T her e

werenodt any

exceeded the MAC for Lead among the garden, school and kindergarten soil samples.

Furthermore,te instrument was not able to detect Cadmium in any of the samples.
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Table 6.4.Agarak Community: Results above MAC bySample Type

I\I>I/|g';lfg Soil Sample Type

% Yard Garden School &

5 = _ Kindergarten

e &8 % § GMand % y GMand % Yy GMand

> 3 = MAC Range of MAC Range of MAC Range of

@ T 3

o B2 all all all

T g = n/N detected n/N detected n/N detected

mg/kg mg/kg mg/kg

As 12 23.3% 10.5 36.2% 11.5 40.0% 11.4
17/73 5-20 25/69 7-22 4/10 9-16

Pb 400 1.1% 64.8 0.0% 34.7 0.0% 40.4

1/91 16-552 0/73 13-236 0/10 18-88

Cr 64 96.7% 132.3 97.3% 139.8 90.0% 139.5
88/91  61-488 73/75  50-671 9/10 64492

Cd 14/1.4 - - - - -

Table 6.5 presents the results that are above MAC and they are introduced according to sections.
Results show that the highest GM for Arsenic (12.4mg/kg) and the highest percentage of samples
exceeding MAC (47.2%) can be found in Section 4. In Sectior&] exceeded MAC (2.4%) in

one sample only. Chromiumas distributecvenly in the community and 92.7 to 97.4% of

samples across all sections exceeded MPdble 6.6 shows the results that were above MAC by

CL. Only one yard soil sample exceeded CL ford_aad none for Arsenid@.able 6.7

summarizes the results of soil sangaellected from thelesignated four sectiotisat exceeded

the CL. The sample tht need clearrup for Leadwascollectedfrom Section 2.

Picture 3. Agarak Community}' Map with highlighted sectors.
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Table 6.5.Agarak Community: Results above MAChy Sections

MAC Sections
S makg 1 2 3 4
L = _
; £ £ o) sx;g o o o) F?ell\fl;en o o o) F?x];; o MR F?x];; o
8 373 all all all all
T 35 detected detected detected detected
X< n/N mg/kg n/N mg/kg n/N ma/kg n/N ma/kg
As 12 16.1% 10.7 18.26 9.9 32.7% 111 47.2% 12.4
5/31 6-19 6/33 7-15 18/55 5-20 17/36 7-22
Pb 400 0.0% 53.0 2.4% 53.9 0.0% 56.4 0.0% 30.3
0/39 19330 1/41 16552 0/63 18249 0/35 13236

Cr 64 97.%% 137.9 92. 70 117.9 96.8%0 138.2 97.3% 143.6
38/39  61-283 38/41 58290 61/63  62-492 36/37 50671

Cd 14/1.4 - - - - - - - -

Table 6.6.Agarak Community: Results above CL bySample Type

SampleType
w
% Yard Garden School & Kindergarten
= CL
> malk 0 GM and 0 GM and 0 GM and
§ 9lkg o gL Range of o gL Range of o gL Range of
T all detected all detected all detected
n/N n/N n/N
mg/kg mg/kg mg/kg

As 100 0.0% 10.5 0.0% 115 0.0% 11.4

0/73 5-20 0/69 7-22 0/10 9-16
Pb 400 1.1% 64.8 0.0% 34.7 0.0% 40.4

1/91 16-552 0/73 13-236 0/10 18-88
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Table 6.7.Agarak Community: Results above CL by Sections

. cL - - Sections -

< mglkg

g GM and GM and GM and GM and

2 % @L Rangeof % @L Rangeof % @L Rangeof % @L Range of

o all all all all

T n/N detected n/N detected n/N detected n/N detected

mg/kg mg/kg mg/kg mg/kg

As 100 0.0% 10.7 0.0% 9.9 0.0% 11.1 0.0% 12.4
0/31 6-19 0/33 7-15 0/55 5-20 0/36 7-22

Pb 400 0.0% 53.0 2.4% 53.9 0.0% 56.4 0.0% 30.3
0/39 19-330 1/41 16-552 0/63 18-249 0/35 13-236
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7. Artsvanik Community

The field work for the thorough risk assessment in Artsvanik Community was performed
in Septembeof 2013. A total of 113 soil samples were collected from the residential and
agricultural areas of the community, prepared in the laboratory and tested via XRF Spectrometer.
Out ofthe 113 soil sample$6 were yards, 30 from gardens, 10 from a school and a
kindergartenn addition to6 soil sampleollectedfor background measurememtissurface10
and 20cm depth inside and outside of the commijratyge of background measurements
presented in the TablQ). The testing process took place in Januwdr®014. The duran of
testing time was 90 seconds. Samples having test results below the LOD were retested again with
the testing time of 240 seconidsMarch (or April) of 2014 The results were compared with
three reference levels: Maximum Allowable Concentrations (§)&kan up Levels (CL) and
Highest Background Level (HBL) of 10cm, 20 cm defstbeTable 7.1)

Table 7.0 Artsvanik community: Range of background measurements

Heavy metals Range (mg/kg)
As 7-12
Pb 8-11
Cr 62-123
Cd -
Table 7.1.Artsvanik Community: Referencel evels forComparison
Heavy MAC CL HBL (10cm, 20 cm depth)
Metals mag/kg mg/kg mg/kg
Residential/ Agricultural
As 12 100 10
Pb 400 400 11
Cr 64 -* 123
Cd 14/1.4 -* Not detected

* Not identified

Some measurements of the community soil samples were bea®D of the XRF analyzer.

The results otheseundetected measurements are presented in Table 7.2. If the analyzer could
not detect the analyte of intergisfprovidedthe calculated LODvhichis determined by

multiplying the error of counting statistics of each measureingtitree timesCalculated LOD
differed for each measurement. Table 7.2 predbptsndetected measuremenfghe samples

for which the calculated LOD was above MAT&ble 7.2 results show that in 8.0% of the
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samples Arsenic was not detected and 2.7% of the samples were above the MAC. The instrument
was able to detect Lead in all the samples. Chromium was not detected in 6.2% of the samples
only and all the calculatddOD was below the MAC. For all the samples, Cadmium was not
detected and the calculated LOD were above the MAC. Failure to detect an analyte of interest is
not a sign of low concentration but the physical matrix of the soil could disrupt the detection

ability of the instrument. The analyzer wastuallyable to detect Chromium in all the samples.

Table 7.2.Artsvanik Community: UndetectedM easurements

Heavy 0 % out of total
Metals Y% of undetectedt g:aelasurements out of above MAC
MAC mg/kg n/N N

Range of LODc‘JRange of

ma/kg above MAC
mg/kg
Residential/
Agricultural
As 12 8.0% 2.7%
9/113 3/133
4-16 16
Pb 400 0.0% 0.0%
0/113 0/113
Cr 64 6.2% 0.0%
7/113 0/113
50-64 -
Cd 14/1.4 100.0% 100.0%
113/11¢ 113/11¢
17-34 17-34

All undetected measurements were excluded from further analysis. Table 7.3 ptatentsthe

percentagef the samples out of the total tleastcee@dthe threaeference levelsMAC, HBL

(depth 1@m, 20 cm), CL as well as the GM and ttage of all detected measurements.

According to the resuli$1.0% of all detected measurements exceeded MAC for Arsenic, 0.9%
for Lead(however 91.2% of samples exceeded HBL for Le@é)2% for Chromium. GM of

detected measurements for Chromiexeeeded MAC by 1.8 timeBor Lead, 0.9% of soail
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samples need clearp. CL for Chromium and Cadmium were not identified during the literature

review and standards were substantially different across couRResslts show tha?6.%%6 of

Arsenic,91.26 of Lead and47.26 of Chromium

exceeded the highest background

measurements (Cadmium was not detected in the soil). This indicatdseteatface level

exposure is muchigher even in comparison with the highest background measurement thus

suggesting exteat pollution.

Table 7.3.Artsvanik Community: ResultsCompared to MAC, HBL (depth 10cm, 20 cm)

and CL
0
MAC % above MAC /I(:asgloc\)/jtcélf_ % above HBL
©  mglkg outof detected out of detected
o detected
5 HBL
= = n/N CL AN (depth n/N
% = g mg/kg 10cm, 20
3 O = GM and Range cm) GM and Range
T 328 of all detected GM and Range of all detected
L5 of all detected
X g mg/kg ma/kg mg/kg
As 12 51.0% 100 0.0% 10 76.9%
53/104 0/104 80/104
12.9 12.9 12.9
5-28 5-28 5-28
Pb 400 0.9% 400 0.9% 11 91.2%
1/113 1/113 103/113
32.3 32.3 32.3
7-672 7-672 7-672
Cr 64 96.2% =¥ 123 47.2%
102/106 50/106
117.9 117.9
58-203 58203
Cd 14/1.4 - ---* Not
Detected

* Not identified

Table 7.4 presents the results exceethegMAC

by sample type, GM and range of all detected

measurements. Results show t&t1% of yard soilsamplesexceededhe MAC for Arsenic,

1.5% for Lead,95.2%6 for Chromium. In garden

soil sampléseresults exceedettie MAC for

Arsenic in44.8% of the saples andor Chromium in 100.09%f the samplesSchool and

kindergarten sample results exceeded the MAC for Arsenic in 50.0% of the samples and

Chromium in 100.0% of the samples. School and kindergarten soil samples have the highest GM

for both Arsenic ad Chromium in comparison to the yard and garden soil samples of the
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community. Cadmium was not detected in ahthesamples. The samples collected from the
school and kindergarten areas did not exceed the MAC for. Lead

Table 7.4.Artsvanik Community: Results above MAC bySample Type

hl\/f;;fg Soil Sample Type
Yard Garden School &
c_wu Kindergarten
o - _ % ¥ GM % § GM % ¥y GM
e g6 MAC and MAC and MAC and
> G = Range Range Range
o 'z 2 n/N of all n/N of all n/N of all
t 22 detecte detecte detecte
d d d
mg/kg mg/kg mg/kg
As 12 58.1% 13.6 44.8% 12 50.0% 14.1
36/62 5-28 13/29 6-20 4/8 1014
Pb 400 1.5% 33.4 0.0% 25.7 0.0% 89.9
1/66 10-672 0/30 7-172 0/10 26-278
Cr 64 95.2% 117.8 100.0% 118.4 100.0% 125.4
59/62 58-199 29/29 65201 10/10 70-203
Cd 14/1.4 - - - - - -

8. Kajaran Community

The Thorough Risk Assessment field work in Kapan community took place in August
September of 2013. The town was divided into three se@eesPicture 4)The investigators
collected279 soil samples: Z&rom yards, 20 from schools and kindergartens, 9 for background
purposes at surface, 10 and 20cm depth inside and outside of the con{ramgiyof
background measurements presented in the Bab)le

Soil samples were prepared in the laboratory following the protocol developed based on
reviewof internationalguidelines. The preparation process for soil samples took place in
December of 2013 and it included drying, homogenization and sieving. Thequeod
samples were tested by the XRF analyzer (INNOV-2000) based on the protocol developed
for soil testing. The testing process took place in December of 2013 using 90 seconds as the

duration of testing time. Samples displaying test results bélew®D and above the MAC
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were retestedgain in MarckApril of 2014 using 240 seconds as the testing.tifhe results
were compared with three reference levels: Maximum Allowable Concentrations (MAC), Clean
up Levels (CL) and Highest Background Level (HRif 10cm, 20 cnuepth Eee Table 8.1).

Table 8.0 Kajaran community: Range of background measurements

Heavy metals Range (mg/kg)
As 8-35
Pb 35129
Cr 74-296
Cd -
Table 8.1. Kajaran Community: Reference Levels for Comparison
Heavy MAC CL HBL (10cm, 20 cm depth)
Metals
mg/kg mg/kg mg/kg

Residential/ Agricultural

As 12 100 35

Pb 400 400 129

Cr 64 -* 238

Cd 14/1.4 -* Not Detected

* Not identified

Some measurements of the community soil samples (in yards, schools and kindergartens)
were below the LOD of the XRF analyzer. The results of undetected measurements are presented
in Table 8.2. When the analyzer could not detect the analyte of intereatatad LOD was
provided which is counted as three times the error of counting statistics of each measurement.
Interestingly calculated LOD differed for each measurement. Table 8.2 presents undetected
measurements for which the calculated LOD was abo&€ NResults of Table 8.2 show that in
1.8% of the samples Arsenic was not detected and 1.7% of the samples were above the MAC.
The instrument was unable to detect any Lead in one sample only, but that sample was below the
MAC. In 9.6% of the samples, Cadimn was not detected and the calculated LOD for all these
samples were above the MAC. This indicates that failure to detect an analyte of interest is not a

sign of low concentration of that analyte but the physical characteristics of the soil could
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influence the detection ability of the instrument. However, the analyzer was able to detect

Chromium in all the samples.

Table 8.2. Kajaran Community: Undetected Measurements

0
Heavy % of undetected % out of total
Metals above MAC
measurements out of tota

MAC mg/kg n/N N

Range of Range of

ma/kg above MAC
mg/kg
Residential/ Agricultural
As 12 1.8% 1.7%
5/279 4-279
10-304 20-304
Pb 400 0.4% 0.0%
1/279 0/279
8 -
Cr 64 0.0% 0.0%
0/279 0/279
Cd 14/1.4 99.6% 99.6%
278/27¢ 278/27¢
1950 1950

All undetected measurements were excluded from further analysis. Table 8.3 ghesents
percentage of all samples that exceeded the three reference levels: MAC, HBL (deptR010
cm), CL as well as the GM and the range of all detected measurements. According to the results,
97.%% of all detected measurements exceeded MAC for Arsér2, for Lead,100.0% for
Chromium and 100% for Cadmium. GM of detected measurements for Acsexceeded MAC
by 24 times, for Chromium by 3.dmes. For Arsenid). 7 of soil samples need cleap and
3.2% for Lead. CL for Chromium and Cadmium were not identified during the literature review

and standards were substantially different across geant

According to the test result30.3% of Arsenic,20.3% of Lead and9.8% of Chromium

exceeded the highest background measurements (Cadmium was not detected in the soil). This
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indicates that the surface level exposure was higher even in compariisaheaighest

background measurement thus suggesting external pollution.

Table 8.3. Kajaran Community: Comparison of Results to MAC, HBL (depth 10 cm, 20

9cm) and CL
0
MAC % above MAC T)esslo(\)/jtct:)lf_ % above HBL
» Mg/kg out of detected detected Highest  out of detected
g Clean-u backgrou
s - n/N P nd level n/N
> © level (CL) n/N HBL
© € 3 mag/kg ( )
ko 2 (—3 GM and Range GM and Range (depth 10, GM and Range
8= of all detected g 20 cm) of all detected
¢ 2 of all detected
mg/kg ma/kg mg/kg
As 12 97.4% 100 0.7% 35 30.3%
267/274 21274 83/274
28.9 28.9 28.9
7-129 7-129 7-129
Pb 400 3. 2% 400 3.2% 129 20.3%
9/278 9/278 57/278
84.0 84.0 84.0
1576052 1576052 1576052
Cr 64 100.0% ---* 238 39.8%
279/279 111/279
215.6 215.6
74-733 74-733
Cd 14/14 100% ---* Not
1/1 Detected
39
39

* Not identifie

Table 8.4 presents the results exceeding MAC by sample type, GM and the range of all detected

d

measurements. The results shows that Arsenic concentration is very high in ysathepdas
(98.0% exceeded MACand n schools/kindergartens testing (95.0% exceeded MKG.6%
of yardtestingleadexceeded MAC. 1100.0% of yard schools and kindergartens testing
Chromium exceeded MA@nd Cadmium exceeded MAC in a detected measuresteci was

from the yard

44



Table 8.4. Kajaran Community: Results above MAC by Sample Type

MAC Soil sample type
Mg/kg
c_tg Yard Schools &
2 = _ Kindergartens
e 2 % y GMand % § GMand
> 5 = MAC Range of MAC Range of
T T3
O B2 all all
T £2 n/N detected  n/N detected
mg/kg mag/kg
As 12 98.0% 29.1 95.0% 30.9
240/245 7-129 19/20 12-60
3.6% 86 0.0% 66.3
Pb 400 9/249 1576052 0/20 29-163
Cr 64 100.0% 218.7 100.0% 204.2
250/250 75733 20/20 206531
100.0% 39 - -
Cd 14/1.4 1 39 - -

Table 8 shows the percentage of the samples exceeding the MAC by community sections.

Among all the sections, all the samples exceeded the MAC for Chromium but only in Section 1

and 2 the samples exceeded the MAC for Arsenic. The concentration of ArsBetion 3 is

also high and exceeded the MAC in 94.5% of the samples. The highest concentration of Lead

was found in Section 1, where 6.7% of the samples exceeded the MAC and in one of the samples

the concentration was extremely high (76,052 mg/kg). Iti&e2, 2.3% of the samples and in

Section 3 1.8% of the samples exceeded the MAC. Cadmium was detected in one sample only in

Section 1 and that sample was above MAC.

Table 8.5. Kajaran Community: Results above MAC by Sections

MAC Sections
© malkg 1 2 3
e 3 B % y CMand o o GMand ., GMand
% e % MAC Range of MAC Range of MAC Range of
S T3 all all all
T s detected detected detected
ey
< N mg/kg N mg/kg N mg/kg
As 12 100.0% 28.5 100.0% 34.6 94.5% 26
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72[72 1385 88/88 17-85 104/110 7-129

Pb 400 6.7% 94.2 2.3% 90.6 1.8% 75.3
5/75 1576052 2/88 291006 2/111  20-819

Cr 64  100.Cn 210.6 100.®% 257 100.0% 194.5
75/75 78733 89/89 93724 111/111 75482

Cd 14/1.4 100.0% 39 - - - -
1/1 39 - - - -

Table 8.6 and 8.illustrate the results above CL by sample type and sections. In all the detected
yard samples, 0.8% needed clegnfor Arsenic and 3.6% for Lead. According to Table 8.7,
1.8% of the samples in Section 3 exceeded CL for Arsenic. Moreover, in Secticarsdl3 2

6.7%, 2.3% and 1.8% of the samples respectively exceeded CL for Lead.

Table 8.6. Kajaran Community: Results above CL by Sample Type

Sample type
K%)
% Yard School & Kindergarten
z cL GM and GM and
mg|k 0 an % an
% 9k % QL Range of ny  Cl Range of
T all detected all detected
n/N n/N
mg/kg mg/kg
As 100 0.8% 29.1 0.0% 30.9
2/245 7-129 0/20 12-60
Pb 400 3.6% 86 0.0% 66.3
9/249 1576052 0/20 29-163
Table 8.7. Kajaran Community: Results above CL by Sections
Sections
o Gt 1 2 3
<  mglkg
[}
= GM and GM and GM and
2 % @L Rangeof % @L Rangeof % @L Range of
o all all all
T n/N detected n/N detected n/N detected
mg/kg mg/kg mg/kg
As 100 0.0% 28.5 0.0% 34.6 1.8% 26
0/72 13-85 0/88 17-85 2/110 7-129
Pb 400 6.7% 94.2 2.3% 90.6 1.8% 75.3
5/75 1576052 2/88 291006 2/111 20-819

After accurate testing of 279 residential soil samples in the Kagzmammunity, the
results indicate that 97.4% of all detected measurements exceeded the MAC for Arsenic, 3.2%

for Lead, 100.0% for Chromium and 100.0% for Cadmium. According to the results, soil

46



samples that need cleanup for Arsenic were observed in 0.7 sdmples (2 yard soil
samples) and 3.2% for Lead (9 yard soil samples). Extremely high concentrations (76,052mg/kg)

of Lead was found in one yard soil sample in Section 1, which exceeded MAC by 190.1 times.

9. Kapan Community

Thethoroughrisk assessment field work in Kap&ommunity took place in September of
2013. The town was divided into five sect(gse Picture 5)The investigators collected 281 soill
samples251from yards, 21 fronschools and kindergartens, 9 for background purposes at
surfacelevel, as well aslOcm and 20cm depteamples froninside and outside of the
community(range of background measurements presented in the I.8pbl8oil samples were
prepared in the laboratory following the protocol developed basadewmiew ofinternational
guidelines. The preparation process for soil samples took place in December of 2013 and it
included drying, homogenization and sieving. Thepared soil samples were tested by the XRF
analyzer (INNOVX -2000) based on the protocol developed for soil testing. The testing
process took place in January of 2013 using 90 seconds as the duration of testing time. Samples
displaying test results belaotlie LOD and above the MAC were retested agaMarch-April of
2014 using 240 seconds as the testing tithe.results were compared with three reference
levels: Maximum Allowable Concentrations (MAC), Clean up Levels (CL) and Highest
Background Level (HB) of 10cm, 20 cm deptfsee Table 9.1).

Table 9.0 Kapan community: Range of background measurements

Heavy metals Range (mg/kg)
As 12-39
Pb 13157
Cr 90-181
Cd -
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Table 9.1. Kapan Community: Reference Levels for Comparison

Heavy MAC CL HBL (10cm, 20 cm depth)

Metals mag/kg mg/kg mg/kg
Residential/ Agricultural

As 12 100 39

Pb 400 400 157

Cr 64 -* 177

Cd 14/1.4 -* Not Detected

* Not identified
Some measurements of the community soil samplegs, fromyards, schools and

kindergartens) were below the LOD of the XRF analyzer. The results of undetected
measurements are presented in Table 9.2. When the analyzer could not detect the analyte of
interest, calculated LOD was provided which is counted as finnes the error of counting
statistics of each measuremdnterestingly,calculated LOD differed for each measurement.
Table 9.2 presents undetected measurements for which the calculated LOD was above MAC.
Results of Table 9.2 show that 1.&8¥samples ot of the total samples did not detect Arsenic
and all undetected measurememéseabove MAC.In all of the samples, the analyzer was able
to detect LeadChromium was not detected 319% ofthe sampleshoweveronly in onesample
(0.4%)wasthecalculated LOD above MAGn 97.9%o0f samplesCadmiumwas notdetected

and the calculated LOD for all thosamples wee above MAC This indicates that undetected
measuremerns not a sign of low concentration tfe analyteof interestand the physical atrix

of soil could influence the detection ability of the instrument
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Table 9.2. Kapan Community: Undetected Measurements

Heavy % out of total

0,
Metals % of undetected above MAC
measurements out of tota

MAC mg/kg n/N N

Range of

Range of above MAC

mg/kg ma/kg
Residential/ Agricultural

As 12 1.8% 1.8%
5/281 5/281
1524 1524
Pb 400 0.0% 0.0%
0/281 0/281
Cr 64 3.9% 0.4%
11/281 1/281
40-79 79
Cd 14/1.4 97.9% 97.9%
275/281 275/281
15-39 1539

All undetected measurements were excluded from further analysis. Table 9.3 presents the
percentage of all samples that exceeded the three reference levels: MAC, HBL (deptndO
20 cm), CL as well as the GM and the range of all detected measurementslirictmthe
results,96.7% of all detected measurements exceeded MAC for Arsenic, 4.3% for Lead, 99.6%
for Chromium and 100% for Cadmium. GM of detected measurements for Arsenic exceeded
MAC by 2.1 times, Chromium by 2.2 times and Cadmium by 3.8 timesAfSenic, 2.9% of
soil samples need clearp and 4.3% for Lead. CL for Chromium and Cadmium were not
identified during the literature review and standatiffered substantially across countries
According to the test results, 11.2% of Arsenic, 19.6% afdL&nd 21.1% of Chromium
exceeded the highest background measurements (Cadmium was not detected in the soil). This
indicates that the surface level exposure was higher even in comparison with the highest

background measurement thus suggesting externatipoll
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Table 9.3. Kapan Community: Comparison of Results to MAC, HBL (depth 10 cm, 20 cm)
and CL

% above CL % above HBL

0,
MAC % above MAC level out of
9 malkg oOutofdetected out of detected
I g/kg detected HBL
Q
= = n/N CL /N (depth n/N
% = g mg/kg 10cm, 20
3 © =5 GM and Range cm) GM and Range
T §2 ofall detected GM and Range of all detected
L 5 ma/kg of all detected ma/kg
T < g mg/kg
96.7% 100 2.9% 39 11.2%
As 12 267/276 8/276 31/276
24.8 24.8 24.8
7-400 7-400 7-400
4.3% 400 4.3% 157 19.6%
12/281 12/281 55/281
Pb 400 93.8 93.8 93.8
13 13 13
19,499 19,499 19,499
99.6% ---* --- 177 21.1%
269/270 57/270
Cr 64 143.4 143.4
63-645 63-645
100% ---* Not
6/6 Detected
Cd 14/1.4 532
22-227

* Not identified

Table 9.4 presents the resudteceeding MAC by sample type, GM and the range of all
detected measurement$e results show that Arsenic concentration is very high in yard soil
(97.2%)as well aschoolandkindergartersampleg95.2%). In 4.4% oyard and4.8% of school
samplesl.eadexceeded MACFurthermorgin one of the yargampletheamountof Lead
excee@d MAC by 48.7 times (19,499 mg/kg). In 99.6% of yard and 100.0% of sesoekll as
kindergartersamplesChromium exceeded MACadmium exceeded MAC in all detected

samplesvhich werecollectedfrom yards.

Table 9.5 presents the results exceeding CL level by sample type. The results show that
3.3% of the yard soil in the community exceeded CL for Arseantt4.44 for Lead Moreover

4.8% of school and kindergarten sedmples exceeded CL for Lead.
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Table 9.4. Kapan Community: Results above MAC by Sample Type

I\I>I/|Qlfg Soil Sample Type
% Yard Schools &
5 = _ Kindergartens
e £ % §y GMand % §y GMand
> g = MAC  Rangeof MAC  Range of
T T3
o B2 all all
T £2 n/N detected  n/N detected
mg/kg mg/kg
As 12 97.2% 25 95.2% 24.1
239/246 7-400 20/21 10-48
4.4% 97.2 4.8% 89.8
Pb 400 11/251 14-19499 1/21 30487
Cr 64 99.6% 144.1 100.0% 135.8
239/240 63645 21/21 112180
100.0% 53.2 - -
Cd 14/1.4 6/6 52297 - -

Table 95. Kapan Community: Results above CL by Sample Type

Sample Type
1)
% Yard School & Kindergarten
= cL GM and GM and
> malk 0 an o o an
§ 9lkg o gL Range of %y Range of
T all detected all detected
n/N n/N
mg/kg mg/kg
As 100 3.3% 25 0.0% 24.1
8/246 7-400 0/21 10-48
Pb 400 4.5% 97.2 4.8% 89.8
11/251  14-19499 1/21 30-487

Table 9.6 shows the results exceeding the M#&Cording tdhe community sections.
The results show that the percentagthesamples exceeding the MAC for Arsenic in all
sections is high (in 92-:500% of the samples). Chromium concentration is also very high across
the sections and exceeded the MAC in 9109% of samples. Lead concentration is comparably
low and exceeded the MAIn 7.4% of the samples in Section 1, 3.8% of the samples in Section
2, 1.7% of the samples in Section 3, 5.6% of the samples in Section 4 and 2.6% of the samples in
Section 5. Cadmium was detected in two sections (only in 2 samples) and the resuliscexcee
the MAC.
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Table 9.7 shows the percentages of the samples exceeding the CL according to the
sections of the community. Comparalilye moreaffected sections are Section 2 (9.6% of
samples exceeded the CL for Arsenic and 3.8% of the samples excee@éddhéead) and
Section 4 (1.1% of the samples exceeded the CL for Arsenic and 5.6% of the samples exceeded
the CL for Lead).
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Table 96. Kapan Community: Results above MAC by Sections

MAC Sections
8 malkg 1 2 3 4 5
8 = B % 0 GM and % ¢ GM and % ¢ GM and % ¢ GM and % ¢ GM and
% = % MAC Range of MAC Range of MAC Range of MAC Range of MAC Range of
3 ©3 all all all all all
r 35 detected detected detected detected detected
X< n/N malkg n/N malkg n/N ma/kg n/N ma/kg n/N ma/kg
As 12 92.5% 20.1 100.0% 38.3 93.0% 20.6 98.68% 22.7 100.0% 28.5
49/53 7-79 52/52  13-400 53/57 10-58 68/69  11-173 38/38 13192
Pb 400 7.4% 97.6 3.8% 86.1 1.7% 75.4 5.6% 112.8 2.6% 110.2
4/54  24-499 2/52 1919499 1/58 20-508 4/71 14-738 1/39 21-1492
Cr 64  100.00 145.4 97.9% 126.3 100.0% 156.3 100.0% 145.4 100.0% 141.2
53/53 68292 47/48 63497 58/58  83-645 69/69  81-451 35/35 65281
Cd 14/1.4 100.0% 227  100.0% 36 - - 100.0% 34 100.0% 43.3
1/1 227 1/1 36 1/1 34 3/3 22-74
Table 9.7. KapanCommunity: Results above CL by Sections
CL Sections
g malkg 1 2 3 4 5
()
= GM and GM and GM and GM and GM and
% % @L Rangeof % @L Rangeof % @L Rangeof % @L Rangeof % @L Range of
O all all all all
T n/N detected n/N detected n/N detected n/N detected n/N allrge';f(:cted
mg/kg mg/kg mg/kg mg/kg 9’kg
As 100 0.0% 20.1 9.6% 38.3 0.0% 20.6 1.1% 22.7 5.3% 28.5
0/53 7-79 5/52 13-400 0/57 10-58 1/69 11-173 2/38 13192
Pb 400 7.4% 97.6 3.8% 86.1 1.7% 75.4 5.6% 112.8 2.6% 110.2
4/54 24-499 2/52 1919499 1/58 20-508 4/71 14-738 1/39 21-1492
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After testing of 28XIesidential soil samples in tik@panCommunity, the results indicate that
96.7%6 of all detected measurements exceeded MAC for Arsé1di, for Lead 99.6% for Chromium
and 100% for Cadmium. According to the results, soil samples that need cleanup for Arsenic were
observed in 2.9% of samplesyardsoil samplesandfor Lead in4.3% o samples (11 yard soil samples

and a sample from schidiindergarten,)

Picture 5. Kapan Community: Map with highlighted sectors.

Vg { |

e = o -

—_——————

10. Lernadzor community

The field work for the thorough risk assessmiariternadzor Communitywasconductedn
Augustof 2013.A total 116 soil samples were collectiedm theresidential and agricultural areasté
community, prepared in the laboratory and tested via XRddyzer Out ofthe 116 soil sample$3
were from yards, 37 from gardens, 10 from a school and a kindergagddition to6 samples for
backgroundneasurementat surface,10 and 20cm depth inside and outside of the comntnamigye of
background measurements presented in the &M The testing process took place in Janwdry
2014. The duration of testing time was 90 seconds. Samples havirgstdts below the LOD were
retested again with the testing time of 240 secam@i4arch-April of 2014. The results were compared
with three reference levels: Maximum Allowable Concentrations (MAC), Clean up Levels (CL) and
Highest Background Level (HBLYf 10cm, 20 cm deptfseeTable 10.1)
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Table 10.0 Lernadzor community: Range of background measurements

Heavy metals Range (mg/kg)
As 1561
Pb 13-60
Cr 112221
Cd -

Table 10.1. Lernadzor Community: Reference Levels for Comparison

Heavy MAC CL HBL (10cm, 20 cm depth)

Metals mg/kg mg/kg mg/kg
Residential/ Agricultural

As 12 100 61

Pb 400 400 60

Cr 64 -* 221

Cd 14/1.4 -* Not detected

* Not identified

Some measurements of the community soil samples were below LOD of the XRF analyzer. The results

of undetected measurements are presented in Table 10.2. If the analyzer could not detect the analyte of

interest it provided calculatelOD which isdeterminedy multiplyingthe error of counting statistics

of each measuremeby three timesCalculated LOD differed for each measurement. Table 10.2

presentsheundetected measurements for which the calculated LOD was above MAC. Results of Table

10.2 show thattere are no undetected measuremfmtdrsenic and Lead. Chromiumas notdetected

in 3.4% of thesamplesandthe calculated LOD fothese samplesxceeded MAMnly in 1.7% of the

samplesCadmium was nadetectedn any sampleandthecalculated LOD for all undetected

measurementsasabove MAC.
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Table 10.2. Lernadzor Community: Undetected Measurements

o)
Heavy % of undetected )% out of total

Metals above MAC
measurements out of tota
MAC mg/kg n/N N

Rangeof L C

Ra ':ng/ke of above MAC

9’kg mg/kg
Residential/ Agricultural

As 12 0.0% 0.0%
0/116 0/116
Pb 400 0.0% 0.0%
0/116 0/116
Cr 64 3.4% 1.7%
4/116 2/116
51-71 6571
Cd 14/1.4 100.0% 100.0%
116/11¢ 116/11¢
17-35 17-35

All undetected measurements were excluded from further analysis. Table 10.3 ghesents
percenage of samples owff thetotal samplegesed thatexceedhethree reference leveldMAC,
HBL(depth 10cm,20 cm), CL as well as the GM and the range of all detected measurements. According
to the resultsfor Arsenic92.2% ofsamplesxceed MAC, buhoneexceeded HBLFurthermorefor
Lead,0.9% of thesamplesexceded MACwhile 32.8% exceeded HBIEor Chromium 99.1%o0f the
samplesexceeded MAC, but only 15.266 the samples fadBL. Cadmium was not detected in any of
the samplesNone of thesamplesxceeded the CL for Arsenut for Leadone sample (0.9%) was
above CL. GM exceeztithe MAC by 1.7 times$or Arsenic and 2.4 timefer Chromium.
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Table 10.3. Lernadzor Community: Results Compared to MAC, HBL (depth 10cm, 20 cm) and
CL

% above CL

MAC % above MAC % above HBL

2 mglkg out of detected Ie(;/eetle%ltjéé)f out of detected
< HBL
= = n/N CL /N (depth n/N
% = g mg/kg 10cm, 20
3 O = GM and Range cm) GM and Range
T3 § of all detected GM and Range of all detected
& S ma/kg of all detected ma/kg
< mg/kg
As 12 92.2% 100 0.0% 61 0.0%
107/116 0/116 0/116
20.2 20.2 20.2
7-61 7-61 7-61
Pb 400 0.9% 400 0.9% 60 32.8%
1/116 1/116 38/116
55.8 55.8 55.8
13498 13498 13498
Cr 64 99.1% ---* 221 15.2%
111/112 17/112
156.5 156.5
62-440 62-440
Cd 14/1.4 - L Not

Detected

* Not identified

Table 10.4 presents the results exceeding MAC by sample@yandtherange of all detected
measurements. Results show thH#&C exceeded i93.7% of yard soibampledor Arsenic, 1.6% for
Leadand100.0% for ChromiumAmonggarden soisamplesMAC exceededn 86.5% of samplefor
Arsenic,0.0%for Lead and 97.1%or Chromium In school and kindergartesamples, 100% of the
samples exceeded MAC for Arsenic and Chromi@admium was not detected in any of sainples

Amonggarders, schml, andkindergartersamples, none of theexceeded MAC for Lead.

Table 10.4. Lernadzor Community: Results above MAC by Sample Type

c_g I\I\/I/lg'jA/Eg Soil Sample Type

e 3o Yard Garden School &

-~ c 2 Kindergarten
5 ©3- % 9y GMand % § GMand % ¢ GMand
T §§’ MAC Range MAC Range MAC  Range

57



n/N of all n/N of all n/N of all
detected detected detected

mag/kg mag/kg mag/kg

As 12 93.7% 215 86.5% 16.7 100.0% 22.1
59/63 7-44  32/37 9-27 10/10 1543

Pb 400 1.6% 58.8 0.0% 51.3 0.0% 78.2
1/63 20-498 0/37 26-335 0/10 35218

Cr 64 100.0% 1644 97.1% 138.5 100.0% 170.5
61/61 67-440 34/35 62-307 10/10 104301

Cd 14/1.4 - - -

11.Syunik Village Community

The field work for the thorough risk assessmaryunikVillage Communitywasperformed in
Septembeof 2013.A total 90 soil samples were collectiedm residential and agricultural areastiod
community, prepared in the laboratory and tested via AR&yzer Out ofthe 90 soil samples51
were from yards23 from gardens, 10 from a school and a kindergamtexdition to6 samples for
background measuremerisssurface,10 and 20cm depth inside and outside of the comn(ramige of
background measurements presented in the TdMe The testing procedsok place in Januaryf
2014. The duration of testing time was 90 seconds. Samples having test results below the LOD were
retested again in MardApril of 2014with atesting time of 240 secondBhe results were compared
with threereference leveldvlaximum Allowable Concentrations (MAC), Clean up Levels (CL) and

Highest Background Level (HBL) of 10cm, 20 cm defstheTable 11.1)

Table 11.0 Syunik village community: Range of background measurements

Heavy metals Range (mg/kg)
As 12-55
Pb 9-67
Cr 96-147
Cd -
Table 11.1. Syunik Village: Reference Levels for Comparison
Heavy MAC CL HBL (10cm, 20 cm depth)
Metals mg/kg mg/kg mg/kg
Residential/ Agricultural
As 12 100 55
Pb 400 400 26
Cr 64 -* 147
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Cd 14/1.4 -* Not detected
* Not identified

Some measurements of the community soil samples were below the LOD of the XRF analyzer. The
results of undetected measurements are presented in Table 11.2. If the analyzer could not detect the
analyte of interesit provided thecalculated_OD which isdetermined by multiplyinghe error of

counting statistics of each measurenmsnthree timesCalculated LOD differed for each measurement.
Table 11.2 presentheundetected measurements for which the calculated LOD was above MAC.
Results of Table 11.2 elwv thatthe analyzer failed to detect Arsenic and Chromianly in afew
samplesandthe calculated LOD ofheundetectedamplesvasbelow the MAC Moreover Lead is
detected in all measuremenihereforetheundetectedampledor those three heavy metaesenot a
major concern for Syuni¥illage. HoweverCadmiumwas notdetected in 98.9% dhe sampleand for

all theundetectedamplesthe LODwas above MAC Therefore undetectedamplesio not necessarily
indicatethatCadmiumconcentratios arebelow MAC.

Table 11.2. Syunik Village UndetectedM easurements

o)
Heavy % of undetected )% out of total

Metals above MAC
measurements out of tota A/N

MAC mg/kg n/N f

Range of Range o

ma/k above MAC

9’kg mg/kg
Residential/ Agricultural

As 12 1.1% 0.0%
1/90 0/90
7 -
Pb 400 0.0% 0.0%
0/90 0/90
Cr 64 1.1% 0.0%
1/90 0/90
55 -
Cd 14/1.4 98.9% 98.9%
89/90 89/90
17-34 17-34
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All undetected measurements were excluded from further analysis. Table 11.3 ghesents
percenageof samples out of thtal samples thagéxcee@d the threeeference levelsMAC, HBL
(depthof 10cm and20 cm), CL as well as the GM and the range oflelected measurements.
According to the result$or Arsenic83.1% ofthe samplesxcee@d MAC, but only 2.2% exceeded
HBL. For Lead, one of thesamplesexceededMAC but 74.4% exceedatieHBL. For Chromium
97.8%o0f the samplesxceeded MAC, but only 28% exceeded thelBL. Cadmium was detected in one
measurement result was above MA®r Arsenic and Lead,ome of thesamplesxceeded the CL. GM
for Arsenic exceeeldthe MAC by 1.4 timesindfor Chromiumby 1.9 times.

Table 11.3. Syunik Village ResultsCompared to MAC, HBL (depth 10cm, 20 cm) and CL

0,
MAC % above MAC % above CL % above HBL

% mg/kg ~ out of detected Iec;/:tle%ltjégf bggkgerzh out of detected
N Clean-up nd level
Z 33 N level (CL) AN (HBL) N
S 52 GMandR mo/kg (depth =\ and R
2 e T% and Range GM and Range 10cm, 20 and range
O 2 of all detected of all detected
2o ma/kg of all detected cm) ma/kg
< mg/kg
As 12 83.1% 100 0.0% 55 2.2%
74/89 0/89 2/89
17.8 17.8 17.8
10-77 10-77 10-77
Pb 400 0.0% 400 0.0% 26 74.4%
0/90 0/90 67/90
44.7 447 44.7
9-272 9-272 9-272
Cr 64 97.8% ---* 147 23.8%0
87/89 21/89
122.8 122.8
49-270 49-270
Cd 14/1.4 100.0% ---* Not
1/1 Detected
35
35

* Not identified

Table 11.4 presents the results exceeding MAC by sample@yeandtherange of all detected
measurements. Results indicate #rabngyard soil sampledArsenic, Chromium and Cadmium
exceeded MAC in 96.1%, 100.0% and 100®Rithe samplesespectivey}. In garden soil samples
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Arsenic and Chromium exceeded MAZ60.9% and 95.7%f samples. Amongckool and
kindergarten soil samplgArsenic and Chromium exceeded MAC66.R6 and88.9%o0f samples

Table 11.4. SyunikVillage: Results above MAC by Sample Type

MAC .
Mg/kg Soil Sample Type
%) Yard Garden School &
[ :
5 - _ Kindergarten
E SC % y GMand % y GMand % § GMand
> o = MAC Range MAC Range MAC Range
© 5=
) B 2 of all of all of all
= e < n/N detected n/N detected n/N  detected
mg/kg mg/kg mag/kg
As 12 96.1% 20.3 60.9% 13.4 66.7% 14.1
49/51 1077 14/23 1021 6/9 1024

Pb 400 0.0% 59.7 0.0% 275 0.0% 50.5
0/51 18272 0/23 14105 0/10 10137

100.0% 1286 95.7% 117.8 88.9% 106.5
51/51 70270 22/23 63-206 8/9 49152

Cr 64

100.0 35 - - - -
1/1 35 - - - -

Cd 14/14
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