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ABSTRACT 

The article considers the outcomes of pedogeochemical and ecological investigations of Gyumri soils implemented for the first time 

after the devastating earthquake of 1988. 75% of the city soils are characterized by a low level of summary pollution with heavy 

metals. However, a moderate level of potential ecological risk is common to the city, and from positions of both geochemical and 

ecological risk assessment Cd and Pb are priority pollutants to Gyumri soils.  
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1. INTRODUCTION 

Modern cities are centers of scientific and technological development and offer most convenient living conditions.  

However both urbanization and industrialization have lead to intense pollution of urban environment. To assure safety 

of living conditions of urban population special attention should be paid to eco-geochemical peculiarities of urban 

environment as a whole and   levels of urban soil pollution with toxic elements in particular.   

In recent decades lots of researches have been done of urban environment emphasizing urban soils [[1], [1], [8], [12], 

[15], [22]]. Soils as pollutant accumulating medium store and reflect the cumulative history of pollution of a city. 

Among the diverse pollutants of urban environment heavy metals are of special interest as they still may pose a risk to 

human health [[1], [8], [9], [22]]. Polluted urban soils pose a hazard to human health as soils via contaminated hands 

may immediately enter gastrointestinal tract, respiratory organs via air under secondary pollution of atmospheric dust 

with soil matter [[10], [21]] as well as via food [[1]].   

Among urban sites a special place belongs cities which suffered natural disasters such as Gyumri – Armenia’s second 

biggest city located in the seismic-active zone. Powerful earthquakes periodically affect socio-economic conditions of 

the city and ecological status of the locality. The last devastating event known as the Spitak Earthquake occurred on 

December 7, 1988 and completely destroyed the city.    

The reconstruction work in Gyumri has not been completed yet and to this day the earthquake-induced consequences 

(collapsed buildings, debris and other garbage dumps, etc.) are observable throughout the city. Moreover, intense 

construction, operating industry, active exploitation of tuff quarries, clay and sandpits, reduction of green spaces 

contribute to free distribution of heavy metals in space and deterioration of ecological status of the city.          

It is obvious that such  a situation requires assessment of ecological status of the city area, for which in 2013, for the 

first time after the earthquake the Center for Ecological-Noosphere Studies NAS RA (CENS) implemented a complex 

ecologo-geochemical assessment for Gyumri (state grant N13-1E220 financed by the State Committee for Science MES 

RA. This research was designed to assess pollution levels and potential ecological risks of heavy metals of Gyumri 

soils.   

 

2. MATERIAL  AND  METHODS 

2.1. Sampling and analysis 

In August 2013 a  pedogeochemical survey of city of Gyumri  on a scale 1:25000 (16 samples / sq.km) was conducted. 

A total os 443 soil samples were collected  (Fig. 1). To obtain a bulk sample, 3-5 point sampes were collected at depth 

0-5cm. Sampling and QA/QC procedures for field work were implemented consistent with SOPs developed at CENS 

based on methodological recommendations [[2], [15], [17]], international ISO [[3], [7]] and US EPA [[20]] standards. 

Soil samples underwent pretreatment and were then analyzed for determining  total contents of 13 elements Ti, Mn, Fe, 

Co, Cu, Zn, As, Mo, Ba, Hg, Pb, Ag, Cd  by X-rayfluorescence spectrometry consistent with US EPA 6200 [[6], [19]]. 

In the frames of a QA/QC plan for analytical work,  standard samples (NIST 2710a and NIST 2711a, USA) and a blanк 

(SiO2) of NIST USA and 23 lab duplicate samples (5.2% of the total quantity) were analyzed.  Precision was within  

0.9-17.4%, and accuracy was less then 20%. 
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2.2. Statistical treatment and geochemical mapping  

Basic statistical indices are provided in Tab. 3. In order to establish a principle of distribution of the study heavy 

metals the Shapiro-Wilk test was used. Concentrations below the limit of detection of the device were replaced by1/2 

detection limit according to Reimann et al. [[14]]. To study spatial distribution of polluted sites, a geochemical map 

of summary pollution was produced using the ArcGIS software. Also, we produced a map of total ecological risk with 

a goal to identify most problematic sites. 

 

 

 

Fig. 1. Spatial location of soil sampling sites on the territory of Gyumri. 

 
 

2.3. Summary index of pollution 

As manmade anomalies have a poly-element composition, so the summary pollution index (SPI or Zc) is calculated by 

the following formulae:  

     (1), 

       (2), 

where Kc is anomaly coefficient, Ci-concentration of the studied element in the sample,  Cb – background concentration 

(BC), n – the quantity of elements with Kc>1. 

In this case as BC geochemical background was used calculated based on results of analysis of soil samples collected 

from territories of nearby villages through a combined method of BC calculation [[5], [11]]. Based on Kc decreasing 

geochemical series of study elements have been constructed.  
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2.4. Assessment of potential ecological risk 

Ecological risk assessment was done through calculation of potential ecological risk index (PERI) [[18], [23], [23]] 

based on Hg, As, Pb, Cu and Zn concentrations since “toxicity-response reaction” coefficients are derived only for 

those five elements. PERI was calculated by formulae (3-5) as follows: 

    (3), 

    (4), 

    (5), 

where RI – is an integral PERI, it represents sensitivity of different biological systems to toxic elements and reflects 

level of potential ecological risk;   - a monoelement PERI;  – coefficient “toxicity-response” for the study element 

(iHg = 40, As = 10, Pb = Cu = 5 and Zn = 1);  – coefficient of pollution;  – concentration of a study element 

in a soil sample;  – standard value, in this case- BC of a study element. PERI assessment scale is given in Tab. 1. 

 

 
Table 1. Levels of mono-element and integral PERI [[23], [23]]. 

Level low moderate considerable high very high 

Er <40 40-80 80-160 160-320 >320 

RI <150 150-300 300-600 – >600 

 

 

3. RESULTS  AND  DISCUSSION 

3.1. Concentration of heavy metals and summary pollution index 

For a purpose of eco-geochemical investigation of city of Gyumri, concentration of 13 elements: Ti, Mn, Fe, Co, Cu, 

Zn, As, Mo, Ba, Hg, Pb, Ag, Cd in soils were determined. Basic statistical parameters of studied heavy metals, BC and 

maximum allowable concentration (MAC) of study elements [[13]] are given in Tab. 2. Data from Tab. 2 show that for 

all the studied elements asymmetry and excess values are higher than 0 that proves the fact of abnormal distribution. 

The latter is verified by results of the Shapiro-Wilk test, too. Against the study elements, by values of coefficient of 

variation Zn, Pb, Ag, Cd  (119.1%, 180.4%, 222.1% and 119.8%, respectively), are clearly distinguishable, this proving 

a presence of considerable manmade sources of these metals in Gyumri. Moreover, it has been registered that 

concentrations of these elements are excessive against BC (by 2.1, 3.5, 1.9 and 6.1 times, respectively).   

 

 
Table 2. Basic statistical characteristics of concentration of study heavy metals in Gyumri soils, their BC 

(background concentration) and MAC, mg/kg. 

Element Average Median SD Skew. Kurt. CV,% Min Max BC MAC 

Fe 31439.1 30916.0 3956.6 0.3 1.4 13118 45881 12.6 32379 – 

Ti 3011.8 2957.0 511.6 4.2 46.2 1352.0 9117.0 17.0 3381.0 – 

Mn 640.8 626.0 101.6 0.8 1.1 335.0 1068.0 15.9 805.5 1500 

Ba 519.6 505.0 170.5 11.1 149.4 214.0 3077.0 32.8 526.5 – 

Zn 207.7 162.4 247.3 10.0 140.6 42.8 4071.0 119.1 100.0 220 

Pb 80.90 50.80 145.90 7.90 76.40 5.40 1714.0 180.40 23.20 65 

Cu 53.70 47.90 26.80 4.70 30.20 25.10 289.00 49.90 39.00 132 

Co 5.10 5.00 0.70 0.60 2.40 1.60 8.30 14.30 5.00 – 

As 0.80 0.70 0.20 7.80 95.70 0.20 3.50 27.20 0.68 10 

Cd 0.67 0.41 0.80 3.10 15.60 0.002 7.00 119.80 0.11 2 

Mo 0.50 0.50 0.30 4.70 40.50 0.10 3.20 58.10 2.00 132 

Ag 0.14 0.10 0.30 8.50 77.20 0.0002 3.30 222.10 0.07 – 

Hg 0.07 0.07 0.00 2.10 13.10 0.01 0.40 52.30 0.07 2.1 

 

 

Sequence of elements in the mean geochemical series: Cd(6.1)-Pb(3.5)-Zn(2.1)-Ag(1.9)-Cu(1.4)-As(1.1)-Ti, Mn, Fe, Co, Ba, 

Hg(1.0) (in brackets excess vs, BC id given) proves that priority pollutants of Gyumri soils are Cd and Pb. It should be 

mentioned that no MAC-exceeding mean contents were registered. 

A map of spatial distribution of SPI (Zc) values is given in Fig. 2. Assessment of pollution levels by Zc values has 

indicated that  the territory of Gyumri mostly 75.2% (33.4 sq.km, 317 soil samples) is dominated by low level of 

summary pollution with heavy metals. Fields of mean pollution level cover 22.3% (9.9 sq. km, 102 soil samples) of the 

area and  are  spatially distributed in the central part of the city from the north to south and from north-east to south-est. 

High-level fields  have a local character, point-like shape and are surrounded by mean pollution level. High level 

occupies only 2.5% (1.1 sq. km, 24 soil samples) of the city area. Extremely high pollution level has not been found.  

Within the limits of the field of low-level summary pollution, Cu (1 sample), Zn (74 samples) and Pb (101 samples) - 

out of the series of study elements - exceeded MAC by 1.2; up to 3.0 and up to 3.2 times, respectively.  In the case of 
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fields of medium-level summary pollution - Cu (1 sample), Zn (46 samples), Pb (51 samples) and Cd (8 samples) - by 

1.8, max. 3.8, max. 8.9 and max.1.4 times, respectively.  

In the case of fields of high level the series of elements  does not change: Cu, Zn, Pb, Cd, but a change occurs in the 

quantity of samples:  5 (max. 2.2), 18 (max. 18.5), 19 (max. 26.4),  12 (max. 3.5 times), respectively.   

It should be mentioned that despite domination of low level of poly-element pollution,  mean- and high- level fields are 

found mainly in densely populated parts, the so-called “old town”. Besides, within fields of all-level summary pollution 

MAC-exceeding  concentrations of heavy metals  (Cu, Zn, Pb и Cd) including elements of the 1st class of danger,   

were registered.     

  

3.2. Potential ecological risk 

Mean, minimal and maximal values of a mono-element PERI (Er) make up the following decreasing series:  

mean: Cd(176.1)>>Hg(38.6)>Pb(17.4)>As(11.0)>Cu(6.9)>Zn(2.1), 

minimal: Hg(16.9)>>Cu(3.2)>As(2.9)>Pb(1.2)>Cd(0.5)>Zn(0.4), 

maximal: Cd(1832.7)>>Pb(369.4)>Hg(213.4)>>As(11.0)>Zn(2.1)>Cu(6.9). 

The mean value RI (252.1) corresponds to moderate risk level, the maximal value (1897.8) – to very high level.  

The low level of ecological risk was observed for Cu in all samples. Risk determined by Zn and As is also low-level, 

but in one sample in the case of Zn and two samples in the case of As moderate-level PERI was registered. For Cd and 

Pb PERI was from low to very high level of risk, while for Hg: from low to high level.  

Spatial distribution of fields of integral PERI is given in Fig. 2. 

As seen from Fig. 2, within Gyumri mostly low and moderate levels of integral PERI are dominant and respectively 

constitute 23.6% (10.5 sq.km, 183 samples) and 52.7% (23.4 sq.km, 128 soil samples) of the city area.  

Fields of significant level of relatively large area of integral PERI are located in the south and northeast of the city and 

surround fields of very high integral PERI of local character. Fields of significant and very high level of integral PERI 

make 21.8% (9.7 sq. km, 111 samples) and 1.8% (0.8 sq. km, 21 samples), respectively. 

 

 

Fig. 2. Maps of spatial distribution of levels of summary index of pollution and integral PERI for Gyumri soils. 

 

     

4. CONCLUSION 

The results obtained from this eco-geochemical research of Gyumri soils allow to conclude that  

1. A considerable coefficient of variation of Cd, Pb, Zn and Ag points to man-induced introduction of these elements 

onto the territory of Gyumri which is verified by anomaly coefficients, too. 
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2. 75% of Gyumri soils are characterized by low level of pollution (Zc<16). However fields of medium and high 

pollution levels lie in densely populated parts of the city. Within fields of all-level summary pollution  there are 

MAC-exceeding concentrations of heavy metals (Cu, Zn, Pb и Cd) including those of the 1st class of danger. 

3. A very high level of PERI was registered in respect of Cd and Pd contents in Gyumri soils. Consequently, from 

positions of both geochemistry and assessment of ecological risk Cd and Pb are priority pollutants of Gyumri soils. 

4. According to integral PERI, within the limits of Gyumri a moderate level of integral PERI is dominant in most 

cases. 

5. The obtained research results support a necessity of conducting in-depth medico-ecological studies aimed at health 

risk assessment and development of measures for reduction of identified risks. 
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