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11 ..   IINNTTRROODDUUCCTTIIOONN  

In the north of the city of Alaverdi, in River Madan (Lalvar) basin a repository site for As-

containing substances was built in the 1980s (Fig. 1) called by local people “the arsenic 

grave”. 

  

  
  

              
  

FFiigg..  11..  TThhee  ppoossiittiioonn  ooff  tthhee  ““AAss  ggrraavvee””  wwiitthhiinn  tthhee  bboouunnddss  ooff  tthhee  cciittyy  ooff  AAllaavveerrddii  
 

 For many years the repository site remained abandoned being exposed to erosion; today the 

isolation walls are almost destroyed (Fig. 2).  

The project goal is to assess a possible discharge of toxic elements emphasizing As and Hg from 

the repository site (Fig. 3) on a base of the planned assessment of As and Hg contents in water, 

soil and bottom sediments.   

It should be mentioned however that River Madan (Lalvar) basin homes lots of abandoned 

uncontrolled heaps (Fig. 4). So, in the project’s frame a task was set to define a share of the 

elements impact and their discharge from the As repository site and heaps. 

 

the “As grave” site
LEGEND 
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FFiigg..  22..  PPhhoottooss  ooff  ““tthhee  AAss  ggrraavvee””  ssiittee  

  

  
LLEEGGEENNDD  

  
  

FFiigg..  33..  PPrroobbaabbllee  ddiirreeccttiioonnss  ooff  ttooxxiicc  eelleemmeenntt  ddiisscchhaarrggee  ffrroomm  ““tthhee  AAss  ggrraavvee””  ssiittee  
Probable discharge directions 
արտհոսքի հնարավոր ուղութթյյոոււնն

the “As grave” site
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LLEEGGEENNDD  

  
Fig. 4. PPhhoottooss  ooff  aabbaannddoonneedd  hheeaappss  aarroouunndd  ““tthhee  AAss  ggrraavvee”” 

 
The study was implemented by the Center for Ecological-Noosphere Studies of NAS RA under 
support of the OSCE Office in Yerevan.    

  
22 ..   GGEENNEERRAALL  IINNFFOORRMMAATTIIOONN  OONN  AAss   

  
Arsenic (As) is a physiologically active and at the same time toxic non-metal; its index number is 

33 and it is placed in the IV period V group of the D.I. Mendeleev periodic table (Fig. 5). The 

name of the element originates from Latin “arsenicum” or Greek “arsenikos”, which means 

“yellow pigment”.  

There exist a large amount of As minerals – 368 mineral kinds – the most wide spread being 

arsenopyrite, lorandite- auripigment, auripigment, nickel, copper, cobalt etc. arsenides and 

sulfoarsenides (Fig. 6). 

As is environmentally dangerous element and geo-chemically and ecologically has been poorly 

investigated. Due to its mobility and solubility As often enters the biosphere and man-made 

systems as well. As is not attributed to expensive utilized ore components to be utilized and is 

mostly involved in waste products and has profound pathogenic and technogenic effects. As 

freely travels throughout man-made environment, often transforming, polluting and poisoning 

HHeeaappss 

the “As grave” site
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the environment. 
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Fig. 5. AAss  aanndd  ootthheerr  ttooxxiicc  eelleemmeennttss  iinn  tthhee  DD..II..MMeennddeelleeeevv  ppeerriioodd  ttaabbllee..  
 

  

                                      
Fig. 6. PPhhoottooss  ooff  ssoommee  ooff  AAss  mmiinneerraallss  

  
  

33 ..   RREESSEEAARRCCHH  MMAATTEERRIIAALL  AANNDD  MMEETTHHOODDSS   
  
  

To assess toxic elements discharge from arsenic-containing element repository site in July 2010 

relevant works were implemented on water, soil and bottom sediment sampling. Totally, 

collected were 11 water, 5 soil and 2 bottom sediment samples (Fig. 7, 8, 9).  

 

AArrsseennooppyyrriittee  LLoorraannddiittee--aauurriippiiggmmeenntt  AAuurriippiiggmmeenntt  
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Fig. 7. AA  sscchheemmaattiicc  mmaapp  ooff  wwaatteerr  ssaammpplliinngg  

AAss  rreeppoossiittoorryy  ssiittee  
  

WWaatteerr  ffllooww  ssaammpplleess  ffrroomm  uunnddeerr  tthhee  hheeaappss  ((AAllww--77))  

WWaatteerr  ssaammpplleess  ffrroomm  tthhee  ssuurrffaaccee  aanndd  ffrroomm  uunnddeerr  tthhee  ssllooppee  ooff  AAss  rreeppoossiittoorryy  ssiittee  ((AAllww--55,,  66,,  1144))..    
  

WWaatteerr  ssaammpplleess  ffrroomm  tthhee  bbeedd  ooff  RRiivveerrss  MMaaddaann  ((LLaallvvaarr))  aanndd  DDeebbeedd  ((AAllww--88,,  99,,  1100,,  1111,,  1122,,  1133,,  1144,,  1155,,  1166))  
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Water was sampled with regard for a possible impact of heaps located around the repository site 

(Fig. 7). For that purpose, sampled was both rainwater directly from the surface (Alw-5) and 

stream water from under the repository slope (Alw-6, Alw-14), and stream waters from under the 

heaps (Alw-7), as well as waters from the major bed of River Madan (Lalvar) before (Alw-8) and 

after (A/w-9, 10, 11, 12, 13, 15) its confluence with a tributary and waters of River Debed (Alw-

16).   

Soil samples (Fig. 8) were of several types: on the slopes of the repository site beds of temporary 

flows are found which were dry during sampling, and so from there taken were sandy loam 

samples (Als-5, 6); other soil samples were taken from periodically moistening slopes of the 

repository site (A/s-4, 7, 8).   

Sampled were also bottom sediments (A/b-1, 2), from the major bed of River Madan (Lalvar) 

(Fig. 9). 

  
LLEEGGEENNDD  

  
  

  
  

FFiigg..  88  AA  sscchheemmaattiicc  mmaapp  ooff  ssaannddyy  llooaamm  aanndd  ssooiill  ssaammpplliinngg  
 

Water, soil and bottom sediment samples were then transported to the Central Analytical 

Laboratory of the Center for Ecological-Noosphere Studies NAS RA, treated and analyzed for 

AAss  rreeppoossiittoorryy  ssiittee  
  

SSaannddyy  llooaamm  ssaammpplleess  ffrroomm  tthhee  bbeedd  ooff  tteemmppoorraarryy  wwaatteerr  ffllooww  ((AAllss--55,,  66))  

SSooiill  ssaammpplleess  ffrroomm  tthhee  ssllooppeess  ooff  tthhee  rreeppoossiittoorryy  ssiittee  ((AAllss--44,,  77,,  88))  
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As and Hg contents through the atomic-absorption method (Perkin Elmer Aanalyst 800). Soil and 

bottom sediment samples were analyzed for total contents of As and Hg, and water samples – for 

concentrations of dissolved forms of the elements.     

 

  
LLEEGGEENNDD  

  
 

Fig. 9 AA  sscchheemmaattiicc  mmaapp  ooff  wwaatteerr  ssaammpplliinngg  
 
Works on sample preparation and measurement for elements were implemented following ISO 

9010 requirements [4, 5]. 

The actual contents of elements in different environments (soil, water) were then collated with 

maximal allowable concentrations (MAC) accepted in Armenia [1-3].  

  

  

44 ..   AASSSSEESSSSIINNGG  AAss   AANNDD  HHgg   CCOONNTTEENNTTSS   IINN  WWAATTEERR  
  

To determine water pH in-situ measurements were done which is important for the assessment of 

acidic-alkaline conditions of the given environment as such an indicator predetermines the 

behavior of As and Hg. Arsenic is maximally active in neutral and basic, and Hg – in acid 

mediums.  

AAss  rreeppoossiittoorryy  ssiittee BBoottttoomm  sseeddiimmeenntt  ssaammpplleess  ((AAllbb--11  ,,22))..  
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The measurements indicated  (Fig. 10) that in Alw-5 water sampled  directly from the surface of 

the repository site had an acid medium (pH=3,81); in Alw-6 and Alw-7 pH = 6,41 and 6,96, 

respectively – the medium was close to neutral; and in other sampling points pH varied between  

7,25 and 8,06, i.e. the medium was basic.  

Collating pH values of water samples with MAC [1] accepted in the RA  for natural and fresh 

waters (pH between 6 and 9) indicated that only a rainwater sample from the surface of the 

repository site Alw-5 disagreed with the accepted pH standards (Fig. 11).   

  
  
  
  
  
  
  
  

FFiigg..  1100  ppHH  vvaalluuee  ooff  tthhee  aannaallyyzzeedd  wwaatteerr  ssaammpplleess  
  

As was found out in the water samples Alw-5, 6, 7, 11, 12 (Fig. 12). It is noteworthy that samples 

Alw-5 and Alw-6 were collected directly from the surface and from under the slope of the As-

containing elements repository. Presence of As in such samples evidences As discharge from the 

repository site. At the same time the medium acidity hampers active manifestation of processes 

of discharge.     

As contents in sample Alw-7 – waters, flowing out from under the slope of the repository site 

evidences As discharge from the heaps, too. However samples Alw-11, 12, taken from River 

Madan (Lalvar) also displayed insignificant contents of As. No As was found out in the rest 

water samples. The latter is connected with extensive water intake from left tributaries of River 

Madan (Lalvar) and lowering of As concentration in river waters. 

In all the analyzed water samples As contents were notably lower than MAC. 

No Hg was found out in the analyzed water samples.  
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FFiigg..  1111    AA  ppHH  vvss..  MMAACC  vvaalluuee  ooff  tthhee  ssttuuddiieedd  wwaatteerrss  
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LLEEGGEENNDD  AAss  rreeppoossiittoorryy  ssiittee  
  

WWaatteerr  ffllooww  ssaammpplleess  ffrroomm  uunnddeerr  tthhee  hheeaappss  ((AAllww--77))  

WWaatteerr  ssaammpplleess  ffrroomm  tthhee  ssuurrffaaccee  aanndd  ffrroomm  uunnddeerr  tthhee  ssllooppee  ooff  AAss  rreeppoossiittoorryy  ssiittee  ((AAllww--55,,  66,,  1144))..    
  

WWaatteerr  ssaammpplleess  ffrroomm  tthhee  bbeedd  ooff  RRiivveerrss  MMaaddaann  ((LLaallvvaarr))  aanndd  DDeebbeedd  ((AAllww--88,,99,,1100,,1111,,1122,,1133,,1144,,1155,,))  
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Fig. 12 AAss  ccoonntteennttss  iinn  tthhee  aannaallyyzzeedd  wwaatteerr  ssaammpplleess  

  

  

55 ..   AASSSSEESSSSIINNGG  AAss   AANNDD  HHgg   CCOONNTTEENNTTSS   IINN  SSOOIILL   
  

As noted in paragraph 3, soil and sandy loam samples were taken respectively from the slope and 

beds of temporary water flows (Fig. 8). All the samples displayed high contents of As - 10,93 

LLEEGGEENNDD  
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AAss  rreeppoossiittoorryy  ssiittee  
  

WWaatteerr  ffllooww  ssaammpplleess  ffrroomm  uunnddeerr  tthhee  hheeaappss  ((AAllww--77))  

WWaatteerr  ssaammpplleess  ffrroomm  tthhee  ssuurrffaaccee  aanndd  ffrroomm  uunnddeerr  tthhee  ssllooppee  ooff  AAss  rreeppoossiittoorryy  ssiittee  ((AAllww--55,,  66,,  1144))..    
  

WWaatteerr  ssaammpplleess  ffrroomm  tthhee  bbeedd  ooff  RRiivveerrss  MMaaddaann  ((LLaallvvaarr))  aanndd  DDeebbeedd  ((AAllww--88,,99,,1100,,1111,,1122,,1133,,1144,,1155,,))  
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(Als-4) to 29,83 (Als-8) times excessive vs .MAC (2mg/kg [[22,,  33]]) (Fig. 13). Such a phenomenon 

may be explained by geochemical peculiarities of the environments: as was mentioned earlier, 

acid medium hampers active migration of As and it is the reason by which As accumulates in 

soils and grounds.  

Hg was found out in 2 samples: Als-4 (0,10mg/kg) and Als-6 (0,11mg/kg); however no excess vs. 

MAC  (2,1mg/kg [[22,,  33]])  was established (Fig. 13). 
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Fig. 13 AAss  aanndd  HHgg  ccoonntteennttss  iinn  tthhee  aannaallyyzzeedd  ssaannddyy  llooaamm  aanndd  ssooiill  ssaammpplleess  

  

AAss  rreeppoossiittoorryy  ssiittee  
  

SSaannddyy  llooaamm  ssaammpplleess  ffrroomm  tthhee  bbeedd  ooff  tteemmppoorraarryy  wwaatteerr  ffllooww  ((AAllss--55,,  66))  

SSooiill  ssaammpplleess  ffrroomm  tthhee  ssllooppeess  ooff  tthhee  rreeppoossiittoorryy  ssiittee  ((AAllss--44,,  77,,  88))  
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66 ..   AASSSSEESSSSIINNGG  AAss   AANNDD  HHgg   CCOONNTTEENNTTSS   IINN  BBOOTTTTOOMM  SSEEDDIIMMEENNTTSS   
  

Bottom sediments like soils are known to be depositing environments. Soils are indicators of a 

man-made load on the air and bottom sediments – on waters. The structure of bottom sediments 

is similar to that of soils, so actual contents of elements were collated with respective MACs for 

soils.   

The bottom sediment samples (Fig. 9) displayed both As and Hg, As contents in both samples 

being respectively 14,97 (Alb-1) and 12.29 (Alb-2) times excessive vs. MAC for soils (Fig. 14). 

Hg contents did not exceed MAC values (Fig. 14). 
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FFiigg..  1144  AAss  aanndd  HHgg  ccoonntteennttss  iinn  tthhee  aannaallyyzzeedd  bboottttoomm  sseeddiimmeenntt  ssaammpplleess  
  

 
 
 
 

AAss  rreeppoossiittoorryy  ssiittee BBoottttoomm  sseeddiimmeenntt  ssaammpplleess  ((AAllbb--11,,  22))  
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77 ..   CCOONNCCLLUUSSIIOONNSS   
 

The obtained research results support the following conclusions: 

1. The studied arsenic-containing elements repository site is located on a methodically 

right area as it lies in a geological formation containing high natural concentrations of 

As; 

2. As was detected in all the soil and bottom sediment  and 4 water samples (Alw-5, 6, 7, 

11, 12); 

3. Hg was detected in two soil (Als-4, 5) and bottom sediments samples (Alb-1, 2); its 

contents did not exceed MAC values. 

4. As was found out in the rainwater samples collected from the surface of the repository 

site and sample of water flow from under the slope of the repository site as well as in 

the samples of  water flow from the heaps; i.e. the  discharge of  elements from the 

repository site is added by As discharge from heaps. The determined contents did not 

exceed MAC for natural waters accepted in the RA. 

5.  The contents of As established in soil and bottom sediment samples were tens times 

excessive vs. MAC, this evidencing the active discharge of the noted element from the 

repository site. Free migration of As is hampered by acidity of waters predetermined 

by a large amount of sulfides in rocks. 

 

In order to prevent the discharge of toxic elements (As and Hg) from the As-

containing elements repository site in the city of Alaverdi, isolation and 

drainage of the territory is advisable.         
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88 ..   RREEFFEERREENNCCEESS   
  

11..  ՀՀՀՀ  ԱԱռռոողղջջաապպաահհոոււթթյյաանն  ննաախխաարրաարրիի  2255  դդեեկկտտեեմմբբեերրիի  22000022  թթ..  հհրրաամմաանն  №№  887766  

««ԽԽմմեելլոոււ  ջջոոււրր::  ՋՋրրաամմաատտաակկաարրաարրմմաանն  կկեեննտտրրոոննաացցվվաածծ  հհաամմաակկաարրգգեերրիի  ջջրրիի  ոորրաակկիինն  

ննեերրկկաայյաացցվվոողղ  պպաահհաաննջջննեերր::  ՈՈրրաակկիի  հհսսկկոողղոոււթթյյոոււնն»»::  №№  22--IIIIII--ԱԱ  22--11  սսաաննիիտտաարրաակկաանն  

ննոորրմմեերրըը  ևև  կկաաննոոննննեերրըը  հհաասստտաատտեելլոոււ  մմաասսիինն::  ԵԵրրևևաանն,,  22000022,,  hhttttpp::////wwwwww..aarrlliiss..aamm//##      
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