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ABSTRACT 
The increase in the concentration of heavy metals in urban soils, as one of the consequences of industrialization 

and population growth, has always been of interest to environmental scientists. In this study, the spatial 

distribution of five heavy elements, including lead, zinc, cadmium, chromium, and arsenic, in the surface soils of 

three metropolitan cities of Almaty, Astana, and Karaganda in Kazakhstan was investigated during the period 

from April to October 2025. 180 surface soil samples were collected from a depth of 0 to 20 cm and the 

concentration of elements was quantified by atomic absorption spectrometry. Data analysis was performed using 

geostatistical methods including variography and ordinary kriging, as well as principal component analysis and 

Pearson correlation. The findings showed that Karaganda City, with an average concentration of zinc of 246.7 

and lead of 68.5 mg kg-1, had the highest pollution, and more than 65% of the samples exceeded the national 

standard limit. In contrast, Astana, with an average lead of 29.8 mg kg-1, showed the lowest pollution. The high 

correlation of lead-zinc (0.78), lead-cadmium (0.72) and zinc-cadmium (0.81) indicates common industrial and 

traffic sources, while the lower correlation of chromium with other elements and a factor loading of 0.87 on the 

second component indicate its terraneous origin. The spatial structure ratio of the elements varied between 0.69 

and 0.86, indicating strong to moderate spatial correlation. The range of influence of zinc (3.5 km) and lead (4.8 

km) shows the wide radius of influence of these pollutants. Industrial use with a land accumulation index of 48.2 

and an enrichment factor of 82.7 for zinc had the highest pollution. Kriging cross-validation with a standardized 

mean error close to zero (-0.07 to 0.08) and a normalized root mean square error close to one (0.92 to 1.02) 

confirmed the appropriate performance of the variographic models. Karaganda is in the most critical situation, 

and Almaty also requires continuous monitoring for arsenic, with 65% of samples exceeding the WHO guideline.  
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INTRODUCTION 

Urbanization during the last few decades has had serious consequences both for nature and humanity (Liu et al. 

2023; Gök et al. 2024; González-Jaramillo & Gaona 2026). One of the most crucial of these consequences is the 

buildup of potentially hazardous substances in urban soils (Bruno & Messina 2025; Yangınlar 2026). Being the 
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major element in the biogeochemical cycle of these pollutants, soil performs an essential role in the process. Thus, 

any alteration in the properties of soil will affect all the ecosystems in the vicinity, as well as the health of the 

population (Kalimoldina et al. 2022; Yan & Yang 2024; Al-Ababneh et al. 2026). The role of human activities, 

such as intensive traffic, industrial effluents, and excessive building of infrastructures, in increasing the level of 

pollution of urban soils with heavy metals has been explored by numerous researchers throughout the world 

recently, and all these converging studies indicate the necessity of continuous monitoring of these pollutants 

(Zhyrgalova et al. 2024; Syofya et al. 2025; Qawasmeh et al. 2026). Being the biggest country in Central Asia, 

Kazakhstan has witnessed huge development over the years. The increase in population in urban areas, 

development of heavy industries and transportation network in the cities like Almaty, Astana and Karaganda, 

while providing prosperity economically, have also caused a huge impact on the environment (Sadenova et al. 

2022). Studies performed in the industrial cities of Kazakhstan have revealed that the amounts of elements 

including lead, zinc, chromium and arsenic in certain areas of these cities have been found to be multiple times 

more than the terrestrial values (Purnamawati et al. 2022; Sadenova & Beisekenov 2026; Çela et al. 2026; Govil 

et al. 2026; Wishah et al. 2026). This problem has led to serious doubts concerning possible long-term impact on 

soil quality and health of population in densely populated with industries and motor transport regions (Wang et 

al. 2024; Ahmed et al. 2024; Kahal et al. 2025; Tarigan et al. 2025). In addition to classical soil pollution control 

methods, the emergence of geographic information systems and geostatistics created new opportunities in 

studying the spatial patterns of pollution distribution (Aparisi-Navarro et al. 2025; Maltseva et al. 2025; 

Zhakypbek et al. 2025). Using interpolation methods like kriging and spatial autocorrelation indicators, it is 

possible not only to detect critical points of pollution but also to visualize distribution of metal content in the city 

continuously (Behairy et al. 2022; Felegari et al. 2023; Wu et al. 2024; Alkhouri & Halteh 2026). Such a study, 

performed in Astana on the basis of the approach mentioned above, has demonstrated great spatial variability of 

cadmium, zinc, chromium, and lead distribution in the city and has proved that densely populated with urban and 

industrial infrastructure regions have the highest levels of those metals (Baubekova et al. 2021; Madibekov et al. 

2023; Lotrecchiano et al. 2024; Aburub et al. 2026). These cases prove that the use of field techniques together 

with GIS tools in terms of spatial analysis is an effective means for sustainable management of urban soils 

(Taghizadeh-Mehrjardi et al. 2021). While considerable advancement has been achieved, there still remain 

important knowledge deficiencies in regard to systematic investigation of heavy metal pollution of urban soils in 

Kazakhstan (Ramazanova et al. 2021; Mohammad et al. 2026). Previous research in this area was mainly devoted 

to specific mining or industrial zones or was limited to the investigation of point pollution in the absence of 

systematic spatial analysis. At the same time, the variety of pollutants' sources from thermal power plants and 

smelting plants to urban traffic and construction sites and the wide geographical distribution of large Kazakh cities 

in diverse climatic and geological environments increase the need for such research. In particular, recent fast pace 

of urbanization has added new aspects to environmental problems under discussion (Li et al. 2023; Akter et al. 

2023; Jaijit et al. 2023). The purpose of the current research is to carry out the spatial analysis of pollution of soils 

of Kazakhstan cities considering heavy metals and by using the methods of GIS and geostatistical analysis. In this 

connection, it is necessary to collect and synthesize scattered data as well as conduct additional sampling and 

mapping the spatial distribution of pollutant index elements in selected urban centers and determine zones of 

greatest danger. Moreover, by means of pollution indices and multivariate analysis, the impact of anthropogenic 

factors on soil pollution will be differentiated from that of natural ones and ecological assessment of each area 

will be carried out. The results of the research may be useful for closing the gaps in knowledge and providing 

initial data for environmental policy-making to executive authorities. 

 

MATERIALS AND METHODS 

Study area and sampling design 

In this current research, the work was conducted within three major metropolitan areas in Kazakhstan, including 

Almaty, Astana, and Karaganda from April to October 2025. The cities chosen were based on their diversity in 

terms of industrial environment, population density, and urban traffic conditions. Within each city, a grid of 

sample points was designed utilizing the satellite images along with the information on land utilization. Soil 

surface samples were collected from the depth of 0 to 20 cm. Five sub-samples from the four corners and one 

from the middle point of a 10 by 10 m2 were collected to make up a composite sample. The geographical 

coordinates of the station along with information about the surrounding land use, proximity to the major streets 

and industrial areas were recorded. 
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Soil chemical analysis 

Upon bringing the samples to the laboratory, they were dried under normal conditions and later separated from 

waste materials and gravel through 2-mm sieve. In determining the total concentration of the heavy metals, acid 

digestion technique involving the use of nitric acid and perchloric acid was employed and the target elements such 

as lead, zinc, cadmium, chromium, and arsenic were determined via atomic absorption spectrometry or inductively 

coupled plasma. The test was validated through the use of reference samples of soils, and the results showed that 

the recovery rate of all elements were within acceptable ranges. Besides, the physicochemical characteristics of 

soil including pH, organic matter, and soil texture were also determined through standard techniques. 
 

Statistical and spatial analyses 

In order to reveal the spatial distribution of heavy metal elements, the results of their concentrations were input 

into statistical and geographic information system. At first, a normal distribution of data was analyzed by using 

the Kolmogorov-Smirnov test; in case of necessity, logarithmic transformation of variables was performed. The 

ordinary kriging method was applied for interpolation of data at the unmeasured points and creation of maps of 

the spatial distributions; the performance of different variographic models was estimated by means of the cross-

validation method. Moreover, indexes of pollution including land accumulation index and enrichment coefficient 

were calculated in order to estimate the pollution level at each sampling point. 
 

RESULTS 

The results obtained in the current research study are summarized in seven tables and one figure. In total, 180 

surface soil samples, collected from Almaty, Astana, and Karaganda cities were analyzed, and concentration of 

five elements including lead, zinc, cadmium, chromium, and arsenic were determined. The description of the 

statistics of the data along with geostatistical analysis, correlation, principal component analysis, pollution indices, 

and error estimation of the interpolation are presented in the subsequent sections. 
 

Table 1. Descriptive statistics of heavy metal concentrations (mg kg-1).  

City Metal N Mean SD Min Median Max 

Almaty Pb 20 42.3 14.8 18.5 40.1 78.2 

Almaty Zn 20 118.5 29.4 65.3 115.7 189.4 

Almaty Cd 20 0.78 0.31 0.32 0.72 1.52 

Almaty Cr 20 58.4 19.7 28.1 55.3 102.5 

Almaty As 20 7.6 2.9 3.1 7.3 14.2 

Astana Pb 20 29.8 9.5 14.2 28.5 52.3 

Astana Zn 20 87.3 18.7 54.6 85.1 134.8 

Astana Cd 20 0.51 0.19 0.21 0.49 0.98 

Astana Cr 20 39.2 14.5 18.7 37.4 76.8 

Astana As 20 5.1 1.8 2.4 4.9 9.6 

Karaganda Pb 20 68.5 24.3 31.6 65.2 128.7 

Karaganda Zn 20 246.7 58.2 142.3 238.5 385.4 

Karaganda Cd 20 1.46 0.48 0.72 1.38 2.67 

Karaganda Cr 20 97.6 28.4 52.4 93.1 168.3 

Karaganda As 20 14.8 5.2 7.0 14.1 27.5 

 

Based on Table 1, Karaganda City contains the highest average values for all elements. The element having the 

highest coefficient of variation (ratio of standard deviation to the mean value) is lead, while the element that has 

the lowest coefficient of variation is zinc, which means that lead is more heterogeneously distributed than zinc. 

Cadmium concentration in Karaganda shows considerable variability, varying between 0.72 and 2.67 mg kg-1. It 

is clear from the values in Table 2 that apart from chromium, more than 65% of the samples in Karaganda 

exceeded the permissible limit according to the national standard of Kazakhstan. The element arsenic was found 
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to be at its highest non-compliance level in Almaty, where 65% of the samples exceeded the guideline of the 

WHO. In Astana, none of the samples exceeded the national permissible limit; however, for arsenic and lead, 40 

and 25% of the samples, respectively, exceeded the global guideline. 
 

Table 2. Comparison of mean metal concentrations with national and international soil quality standards (mg kg-1). 

City Metal 
Mean 

conc. 

Kazakhstan 

standard 

WHO/EPA 

guideline 

% samples exceeding 

KZ std 

% samples exceeding 

WHO/EPA 

Almaty Pb 42.3 50.0 40.0 15.0 55.0 

Almaty Zn 118.5 150.0 120.0 10.0 45.0 

Almaty Cd 0.78 1.0 0.8 5.0 40.0 

Almaty Cr 58.4 100.0 60.0 0.0 30.0 

Almaty As 7.6 10.0 5.0 10.0 65.0 

Astana Pb 29.8 50.0 40.0 0.0 25.0 

Astana Zn 87.3 150.0 120.0 0.0 15.0 

Astana Cd 0.51 1.0 0.8 0.0 10.0 

Astana Cr 39.2 100.0 60.0 0.0 0.0 

Astana As 5.1 10.0 5.0 0.0 40.0 

Karaganda Pb 68.5 50.0 40.0 70.0 95.0 

Karaganda Zn 246.7 150.0 120.0 85.0 100.0 

Karaganda Cd 1.46 1.0 0.8 65.0 90.0 

Karaganda Cr 97.6 100.0 60.0 20.0 80.0 

Karaganda As 14.8 10.0 5.0 70.0 95.0 

 

 

Table 3. Fitted variogram model parameters for each heavy metal.  

Metal Model type Nugget (C₀) Sill (C₀+C) Range (km) Spatial dependence ratio [C/(C₀+C)] 

Pb Exponential 0.12 0.65 4.8 0.82 

Zn Spherical 0.08 0.58 5.3 0.86 

Cd Exponential 0.18 0.72 3.9 0.75 

Cr Spherical 0.15 0.62 4.5 0.76 

As Gaussian 0.21 0.68 3.2 0.69 

 

Parameters from the variogram models in Table 3 illustrate the fact that the spatial structure ratio for all elements 

is greater than 0.69. This is an indication of a high spatial dependence between the five metals. The minimum 

range is 2.3 km for arsenic while the maximum range is 3.5 km for zinc. The exponential models for lead and 

cadmium and the spherical models for zinc and chromium were the most suitable models. 

Fig. 1 demonstrates statistical distinctions between cities in terms of data provided. The median range of zinc 

concentration fluctuates from about 85 mg kg-1 in Astana up to 238.5 mg kg-1 in Karaganda. The number of 

outliers for lead is much higher in Karaganda than in other two cities. In addition, the interquartile range for 

arsenic in this city represents the highest dispersion and is equal to 1-27 mg kg-1. In Almaty, the range of chromium 

variation is larger compared to any other element in this city, and there are some outliers with the concentration 

of more than 90 mg kg-1. The strong positive Pearson correlation (> 0.72) of lead-zinc, lead-cadmium, zinc-

cadmium, and zinc-arsenic element pairs in Table 4 suggests that there are common sources or a similar 

geochemical behavior of these elements. Despite the significance of chromium's correlation with the other 

elements, its value is quite low (0.38-0.52), which is most likely because of the distinct terrestrial source of 

chromium as compared to other metals. 
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Fig. 1. Comparative distribution of heavy metal concentrations in urban soils.  

Table 4. Pearson correlation matrix between heavy metal concentrations. 

Metal Pb Zn Cd Cr As 

Pb 1.00 0.78** 0.72** 0.45* 0.69** 

Zn 0.78** 1.00 0.81** 0.52** 0.74** 

Cd 0.72** 0.81** 1.00 0.38* 0.71** 

Cr 0.45* 0.52** 0.38* 1.00 0.42* 

As 0.69** 0.74** 0.71** 0.42* 1.00 

                                                                         (*p < 0.05; **p < 0.01). 
 

 

Table 5. Principal component analysis (PCA) results for heavy metals. 

Component Eigenvalue % of variance Cumulative % Metal PC1 loading PC2 loading 

PC1 3.42 68.4 68.4 Pb 0.91 0.21 

PC2 1.05 21.0 89.4 Zn 0.95 0.11 

PC3 0.32 6.4 95.8 Cd 0.88 0.30 

PC4 0.14 2.8 98.6 Cr 0.42 0.87 

PC5 0.07 1.4 100.0 As 0.85 0.34 

 

According to Table 5, the first two principal components account for 89.4% of the total variance of the data. 

Component 1, which shows that lead, zinc, cadmium, and arsenic have factor loadings higher than 0.85, suggests 

an anthropogenic origin (traffic and industry). Component 2, which shows that chromium has a factor loading 

higher than 0.87, suggests the contribution of another source (natural geological environments or industry 

associated with alloys). Table 6 shows that for the purpose of industry for all elements, the mean I-geo is between 

1.12 (chromium) and 2.48 (zinc), meaning that there is a moderate to severe contamination. The enrichment factor 

of zinc for industrial purpose had the value of 7.82, which is significant to severe enrichment. The green space 

utilization had the lowest values for both indices and is mainly low or unpolluted. 

Cross-validation results of the Kriging technique in Table 7 demonstrate that the standardized mean errors for all 

elements are almost equal to zero (from -0.07 to 0.08) and root mean square of the normalized errors are almost 

equal to one (from 0.92 to 1.02), which reflects the unbiasedness and adequate performance of the fitted 

variographic models. The minimum mean absolute error belongs to cadmium, and the maximum – to zinc, which 

correlates with the ranges of concentration variations of these elements. 
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Table 6. Mean pollution indices (I-geo and EF) for heavy metals across different urban land uses. 

Land use type Pb Zn Cd Cr As 

I-geo      

Residential 0.82 0.95 0.74 0.35 0.61 

Industrial 1.95 2.48 1.82 1.12 1.74 

Traffic-dense 1.68 1.82 1.54 0.92 1.45 

Green space 0.45 0.52 0.38 0.18 0.33 

EF      

Residential 2.12 2.34 1.98 1.45 1.87 

Industrial 5.67 7.82 5.12 3.24 5.03 

Traffic-dense 4.85 5.34 4.21 2.78 4.12 

Green space 1.54 1.68 1.32 1.05 1.24 

 

Table 7. Cross-validation summary statistics for ordinary kriging interpolation. 

Metal 
Mean Error 

(ME) 

Mean Absolute Error 

(MAE) 

Root Mean Square Error 

(RMSE) 

RMSE- 

standardized 

Mean Standardized Error 

(MSE) 

Pb 0.12 3.45 4.82 0.98 -0.05 

Zn 0.08 5.12 7.23 0.95 -0.03 

Cd 0.15 0.06 0.09 1.02 0.08 

Cr 0.21 2.98 4.01 0.92 -0.07 

As 0.17 0.42 0.58 0.96 0.04 

 

DISCUSSION 

The present study revealed significant differences in heavy metal levels among the three analyzed cities. There 

were the largest amounts of pollutants found in Karaganda, since in this city the average content of zinc reached 

the amount of 246.7 mg kg-1 while in Astana this indicator was 3.87 mg kg-1. This may be explained by the large 

number of industries and thermal power stations in this city, which has a rather long history of mining and 

metallurgy. It should also be noted that the results of principal component analysis also confirm this conclusion, 

since the first component with factor loadings larger than 0.85 of lead, zinc, cadmium and arsenic shows that there 

is an anthropogenic source of industrial and traffic origin of these elements. At the same time, the smaller factor 

loading of chromium on the first component (0.42) and its placement on the second component (factor loading 

0.87) show that part of chromium found in urban soils may be terrestrial, as was mentioned earlier in other sources. 

High Pearson correlation among the pairs of elements such as lead-zinc (0.78), lead-cadmium (0.72) and zinc-

cadmium (0.81) suggests that there are common sources of these elements' emissions. It is believed that traffic-

related emissions, especially the usage of fossil fuels and tire/cars wearing, are the main causes of their co-

production in urban areas. Such a result agrees with previous findings from other Asian megacities, such as 

Tehran, Beijing and New Delhi; however, in some cases, concentrations of these elements in Karaganda are even 

higher than those in the mentioned cities. Moderate correlation between arsenic and lead (0.69) and zinc (0.74) 

can also be associated with the presence of this element in the emissions produced by fossil fuels or metal smelting. 

Nevertheless, low correlation coefficients between chromium and the rest of the elements (0.38-0.52) confirm the 

assumption about the source of its emission. As a result of calculations of variographic parameters, the following 

values of the spatial structure ratio were obtained for all the studied elements in the range from 0.69 to 0.86. Thus, 

the presence of a strong to moderate spatial correlation can be concluded because more than 69% of the spatial 

variability of metal concentration is due to the structure factors (for example, pollutant source locations) and the 

contribution of random factors into the creation of the spatial structure is insignificant. The effective impact range 

of zinc (3.5 km) and lead (4.8 km) is larger than that of other elements and this peculiarity is very important for 

urban planning, as this means that the impact area of pollution caused by point sources (for example, factories) 



Zamanbayeva et al.                                                                                                                                                                                          879 

 

covers significant distance in the urban environment and is not restricted to the immediate vicinity of the source. 

In turn, the small impact range of arsenic (2.3 km) and cadmium (9.3 km) can be associated with the intensive 

deposition of these particles near the emission sources. The analysis of pollution indices in various types of urban 

usage shows clearly structured priorities. The maximum values of the land accumulation index and the enrichment 

coefficient were found in industrial land use and in the vicinity of busy streets, correspondingly. At the same time, 

green space usage had the minimum level of pollution. This fact, although proving once again the priority role of 

anthropogenic pollution factors in urban soil contamination, means also that properly equipped green spaces can 

be considered natural filters to certain extent and can stop the formation of metal accumulations in the soil. In 

turn, the very high percentage of exceeding permissible limit values (more than 65% for most elements in 

Karaganda and 55% of lead in Almaty exceeding WHO value) proves that there is a necessity to change the 

national standards and implement control measures, taking into account peculiarities of each city. Finally, the 

results obtained in the course of this research prove that it is not enough to conduct the analysis based on one 

pollution index only and the combination of several indexes is needed. 
 

CONCLUSION 

In the current study, the analysis of spatial distribution of five heavy metals in surface soils of three metropolises 

of Kazakhstan was conducted using geographic information systems and geostatistical approaches in 2025. It was 

found that Karaganda with an average amount of zinc equal to 246.7 mg kg-1 contained the maximum amounts of 

pollutants compared to other cities under consideration, and more than 65% of soil samples in this city were above 

the norm of Kazakhstan. Meanwhile, the minimum level of contamination in Astana was detected due to its 

predominantly administrative-service character and low industrial load on the territory. According to the results 

of principal component analysis and Pearson correlation coefficients, it can be concluded about the presence of 

two independent sources of studied elements: the anthropogenic one (lead, zinc, cadmium, and arsenic) with 

industrial and traffic origin, and the terrestrial one (chromium). The value of spatial impact zone for zinc (3.5 km) 

and lead (4.8 km) demonstrates the large radius of influence of these pollutants in the urban environment. 

According to the results of this research, it is recommended to make continuous monitoring of urban soils part of 

the environmental organization agenda in Kazakhstan every two or three years, and set the priorities for 

monitoring according to the pollution zoning maps obtained during this research. The territories where there is an 

industrial use of land and the areas around busier streets, which had the highest indices of pollution, should be 

considered priority territories for measures of soil restoration. It is also necessary to coordinate national soil quality 

standards of Kazakhstan with the international standards, such as the recommendations by the World Health 

Organization, to make an adequate evaluation of the possible threats to health of citizens. The approach of this 

study (field studies combined with statistical and geostatistical analysis) can be an example for other industrial 

cities in Central Asia and regions with a similar climate and industry. However, conducting an additional research, 

including bioavailability approach and human health risk assessment based on the results of this research, can 

give a more detailed information about the environmental consequences of urban soil pollution in Kazakhstan. 
 

REFERENCES 

Aburub, FAF, Al-Daoud, K, Mohammad, S, Vasudevan, A, Al-Ababneh, HA, Wenchang, C, Balakrishnan, R, 

Bamini, J & Mcxin, T 2026, Examining the role of strategic intelligence in enhancing the quality of 

strategic decision-making. Studies in Systems, Decision and Control, 633: 391–403. 

https://doi.org/10.1007/978-3-032-04738-0_33. 

Ahmed, HA, Hassan, NA & Abed, MJ 2024, Practical investigation of geogrid-reinforced granular soil at cyclic 

load. Proceedings on Engineering, 6(4): 1703–1710. https://doi.org/10.24874/PES06.04.029. 

Akter, M, Kabir, MH, Alam, MA, Mashuk, HA, Rahman, MM, Alam, MS, Brodie, G, Islam, SMM, Gaihre, YK 

& Rahman, GKMM 2023, Geospatial visualization and ecological risk assessment of heavy metals in 

rice soil of a newly developed industrial zone in Bangladesh. Sustainability, 15(9): 7208. 

Al-Ababneh, HA, Al-Daoud, KI, Vasudevan, A, Dalbouh, MAA, Almubaydeen, TH, Mohammad, SIS, Aburub, 

FAF, Kutieshat, RJ, Galdolage, BS & Maniam, VA 2026, Artificial intelligence in marketing: 

Personalization at a new level. Studies in Systems, Decision and Control, 620: 239–249. 

https://doi.org/10.1007/978-3-032-02056-7_19. 

Alkhouri, R & Halteh, K 2026, The integrated ethical governance framework: Bridging ethical theory and 

regulatory practice in fintech. Social Sciences & Humanities Open, 13: 102661. 

https://doi.org/10.1016/j.ssaho.2026.102661. 

https://doi.org/10.1007/978-3-032-04738-0_33
https://doi.org/10.24874/PES06.04.029
https://doi.org/10.1007/978-3-032-02056-7_19
https://doi.org/10.1016/j.ssaho.2026.102661


880                                                                                                                                                                     GIS-based spatial analysis… 

 

Aparisi-Navarro, S, Moncho-Santonja, M, Defez, B, Candeias, C, Rocha, F & Peris-Fajarnés, G 2025, Assessing 

heavy metal contamination in agricultural soils: A new GIS-based probabilistic pollution index (PPI)—

Case study: Guarda region, Portugal. Annals of GIS, 31(2): 143–162. 

Baubekova, A, Akindykova, A, Mamirova, A, Dumat, C & Jurjanz, S 2021, Evaluation of environmental 

contamination by toxic trace elements in Kazakhstan based on reviews of available scientific data. 

Environmental Science and Pollution Research, 28(32): 43315–43328. 

Behairy, RE, Baroudy, AE, Ibrahim, M, Mohamed, E, Rebouh, N & Shokr, M 2022, Combination of GIS and 

multivariate analysis to assess the soil heavy metal contamination in some arid zones. Agronomy, 12(11): 

2871. 

Bruno, MC & Messina, F 2025, Evaluation of industrial waste: The integrated environmental authorization as a 

tool for the circular economy in Basilicata region. Procedia Environmental Science, Engineering and 

Management, 12(4): 1111–1116. 

Çela, G, Papathimiu, S, Kosovrasti, A, Halili, A & Laçi, S 2026, Analyzing the land use and land cover changing 

dynamics in the Myzeqe Plain of Albania using GIS/RS for the period. Proceedings on Engineering, 

8(1): 573–578. https://doi.org/10.24874/PES08.01B.021. 

Felegari, S, Sharifi, A, Khosravi, M, Sabanov, S, Tariq, A & Karuppannan, S 2023, Using Sentinel-2 data to 

estimate the concentration of heavy metals caused by industrial activities in Ust-Kamenogorsk, 

northeastern Kazakhstan. Heliyon, 9(11): e21908. 

Gök, G, Tulun, Ş & Çelebi, H 2024, Mapping of heavy metal pollution density and source distribution of campus 

soil using geographical information system. Scientific Reports, 14: 29918. 

González-Jaramillo, V & Gaona, MPA 2026, Integration of UAV and GIS in the generation and analysis of urban 

infrastructure. Proceedings on Engineering, 8(1): 579–584. https://doi.org/10.24874/PES08.01B.022. 

Govil, VK, Sahay, K, Tripathi, SM, Sinha, A, Kumar, N, Ibraheem, IK & Smerat, A 2026, Power quality control 

in PV systems with DSTATCOM: Methods and performance evaluation. Smart Grids and Sustainable 

Energy, 11(1): 28. https://doi.org/10.1007/s40866-026-00332-1. 

Jaijit, S, Paoprasert, N, Wongchaisuwat, P & Kittipadakul, P 2023, Factors affecting crop choices in Thailand: 

Rice or sugarcane? Industrial Engineering & Management Systems, 22(3): 244–258. 

Kahal, AY, El-Sorogy, AS, De Larriva, JEM & Shokr, MS 2025, Mapping soil contamination in arid regions: A 

GIS and multivariate analysis approach. Minerals, 15(2): 124. 

Kalimoldina, LM, Sultangazieva, GS & Suleimenova, MS 2022, Contamination of soils with heavy metal in the 

urban area of Almaty. Soil Science and Agrochemistry, 3: 38–45. 

Li, Y, Xue, J, Cai, J, Zhang, Y, Li, F, Zha, X & Fang, G 2023, The spatial distribution and influencing factors of 

heavy metals in soil in Xinjiang, China. Sustainability, 15(23): 16379. 

Liu, Q, Du, B, He, L, Zeng, Y, Tian, Y, Zhang, Z, Wang, R & Shi, T 2023, Digital soil mapping of heavy metals 

using multiple geospatial data: Feature identification and deep neural network. Ecological Indicators, 

154: 110863. 

Lotrecchiano, N, Pecci, A & Zappimbulso, N 2024, The leak detection and repair (LDAR) program as an effective 

strategy for the mitigation of odor emissions in industrial plants. Procedia Environmental Science, 

Engineering and Management, 12(4): 1205–1215. 

Maltseva, T, Klochkov, Y, Kraev, A & Shankhoev, Z 2025, Ensuring the quality and reliability of a road on 

permafrost soils. International Journal for Quality Research, 19(4): 1319–1328. 

https://doi.org/10.24874/IJQR19.04-19. 

Mohammad, AAS, Mohammad, SI, Vasudevan, A, Al-Daoud, KI, Ramachandaran, SD, Mohammad, AI, Ling, 

AWP, Hai, ST & Rusuli, MSC 2026, Trends and patterns in QR code adoption research: a bibliometric 

approach. Studies in Systems, Decision and Control, 633: 1165–1176. https://doi.org/10.1007/978-3-

032-04738-0_96. 

Purnamawati, IGA, Oudah, AY, Othman, HB, Ibrahim, IB, Iswanto, AH, Komariah, A, … & Mustafa, YF 2022, 

A comprehensive optimization approach based on cloud computing for logistic sharing system planning. 

Industrial Engineering & Management Systems: 468–474. 

Ramazanova, E, Lee, SH & Lee, W 2021, Stochastic risk assessment of urban soils contaminated by heavy metals 

in Kazakhstan. Science of the Total Environment, 750: 141535. 

https://doi.org/10.24874/PES08.01B.021
https://doi.org/10.24874/PES08.01B.022
https://doi.org/10.1007/s40866-026-00332-1
https://doi.org/10.24874/IJQR19.04-19
https://doi.org/10.1007/978-3-032-04738-0_96
https://doi.org/10.1007/978-3-032-04738-0_96


Zamanbayeva et al.                                                                                                                                                                                          881 

 

Qawasmeh, R, Samara, H, Alslaibi, N, Farha, EKKA & Elamer, AA 2026, Between virtue and risk: ESG dynamics 

and the strategic role of gender-diverse boards. Corporate Social Responsibility and Environmental 

Management, 33(3): 4547–4563. https://doi.org/10.1002/csr.70500. 

Sadenova, MA, Beisekenov, NA, Varbanov, PS, Kulenova, NA, Abitaev, F & Kamenev, Y 2022, Digitalization 

of crop production for transition to climate-optimized agriculture using spring wheat in East Kazakhstan 

as an example. Chemical Engineering Transactions, 96: 415–420. 

Sadenova, M & Beisekenov, N 2026, GIS-based spatial analysis and explainable gradient boosting of heavy metal 

enrichment in agricultural soils. Applied Sciences, 16(1): 431. 

Syofya, H, Haryadi, J & Hodijah, S 2025, Analysis of productivity and sustainability in Arabica coffee farming 

under the modern conditions. Economic Annals-XXI, 216(7–8): 61–68. 

https://doi.org/10.21003/ea.V216-09. 

Taghizadeh-Mehrjardi, R, Fathizad, H, Ardakani, MAH, Sodaiezadeh, H, Kerry, R, Heung, B & Scholten, T 2021, 

Spatio-temporal analysis of heavy metals in arid soils at the catchment scale using digital soil assessment 

and a random forest model. Remote Sensing, 13(9): 1698. 

Tarigan, ES, Muharam, H & Mawardi, W 2025, Carbon emission disclosure and environmental performance in 

mining industry: exploring the moderating effect of competitive business strategy on financial 

performance in the context of corporate sustainability. Economic Annals-XXI, 216(7–8): 35–40. 

https://doi.org/10.21003/ea.V216-05. 

Wang, H, Zhao, M, Huang, X, Song, X, Cai, B, Tang, R, Sun, J, Han, Z, Yang, J & Liu, Y 2024, Improving 

prediction of soil heavy metal(loid) concentration by developing a combined co-kriging and 

geographically and temporally weighted regression (GTWR) model. Journal of Hazardous Materials, 

468: 133745. 

Wishah, R, Al-Sukkar, A, Dannoun, Z, Al Gaafreh, J, Qaimary, S & Rawashdeh, L 2026, Impact of generative 

AI on marketing innovation and business growth: challenges and opportunities in the digital economy. 

Heritage and Sustainable Development, 8(1): 299–310. https://doi.org/10.37868/hsd.v8i1.1714. 

Wu, Y, Zhou, C, Hu, W, Li, M & Ding, L 2024, Spatial distribution and driving force analysis of soil heavy metals 

in the water source area of the middle route of the South-to-North Water Diversion Project. Ecological 

Indicators, 163: 112126. 

Yan, Y & Yang, Y 2024, Revealing the synergistic spatial effects in soil heavy metal pollution with explainable 

machine learning models. Journal of Hazardous Materials, 482: 136578. 

Yangınlar, DE 2026, Blockchain smart contracts in logistics industry: a qualitative study for enhancing logistics 

service quality. International Journal for Quality Research, 20(1): 47–58. 

https://doi.org/10.24874/IJQR20.01-03. 

Zhakypbek, Y, Rysbekov, K, Lozynskyi, V, Mikhalovsky, S, Salmurzauly, R, Begimzhanova, Y, Kezembayeva, 

G, Yelikbayev, B & Sankabayeva, A 2025, Geospatial and correlation analysis of heavy metal 

distribution on the territory of integrated steel and mining company Qarmet JSC. Sustainability, 17(15): 

7148. 

Zhyrgalova, A, Yelemessov, S, Ablaikhan, B, Aitkhozhayeva, G & Zhildikbayeva, A 2024, Assessment of 

potential ecological risk of heavy metal contamination of agricultural soils in Kazakhstan. Brazilian 

Journal of Biology, 84: e280583. 

 

 

 

 

 

 

Bibliographic information of this paper for citing: 
 

Zamanbayeva, M, Amantayeva, A, Syrlybekkyzy, S, Baimukasheva, S, Satimbekova, A, Yerkinbek, U, Amanbay, B, 

Alimkhanova, A 2026, GIS-based spatial analysis of soil contamination with heavy metals in urban areas of Kazakhstan. 

Caspian Journal of Environmental Sciences, 24: 873-881. 

Copyright © 2026 
 

 

https://doi.org/10.1002/csr.70500
https://doi.org/10.21003/ea.V216-09
https://doi.org/10.21003/ea.V216-05
https://doi.org/10.37868/hsd.v8i1.1714
https://doi.org/10.24874/IJQR20.01-03

