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Map of Ukrainian territories affected by the war

(https://mine.dsns.gov.ua/), 

The project is focused on quantitative assessment of soil 
pollution with HMs due military-related activities through 
in-situ and laboratory measurements of soil magnetic 
properties and establishing their links with HM contents. 

Main goals to achieve :

• elaborate novel strategy for the assessment of military-related soil pollution, based on a 
combination of magnetic and geochemical methods; 

• quantify iron and heavy metals emissions deposited in the topsoil  

• assess by geoinformation modelling of spatial distribution of heavy metals associated 
with weapon residues and small size particulate matter

https://mine.dsns.gov.ua/
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Sustainability 2020, 12, 9002; doi:10.3390/su12219002
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Sources of PTE (in particular, HM)
in soils of regions affected by war

• UXO 
• Weapon residues 
• Small size particulate matter 

We propose to use the magnetic 

method as a tool for quantification of 

soil pollution with military-related HM 

emissions

Road trafficIndustry

Coal burning WAR
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Methodology

Field measurements

- high-resolution magnetometer survey

- magnetic susceptibility mapping

Sampling of soils, tree bark, collecting aerosol on air filters

Laboratory magnetic studies

Elemental analysis and microscopy

• XRF

• ICP

• SEM-EDS observations

Multivariate statistical analyses

Geoinformation modelling

Rock magnetic parameters and their bivariate ratios



The instrument is switched to 10 measurements per second, which 
gave a spatial resolution of about 10 cm on the line. 

In that mode, the magnetometer has an accuracy of +/-0.01nT. 

A traverse interval is usually chosen with 0.5 m or 1 m. 

Distance triggering is made manually every line (0.5 or 1 m), using 
start and stop buttons on the controller.

Technical characteristics of magnetometer PKM-1
Using magnetometer survey for detecting explosion craters, 

iron debris clusters and hit sites Sensitivity - not less than: ±0.001 nT

Absolute accuracy: ±0.01 nT

Dynamic range of measurement: 20 000 … 100 000 nT

Maximum sampling frequency: 10 Hz
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Battlefield of spring 2022 near Kyiv: (a) satellite image of the OZ1 site, impact 
craters are marked with yellow; (b) results of the magnetometer survey in 
greyscale; (c) satellite image of the OZ10 site; (d) 3D representation of magnetic 
map of OZ10 site.

Using magnetometer survey for detecting explosion craters, iron debris clusters and hit sites 
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Consortium structure Country Role

“Postup” Foundation Poland Project leader (NPD)

The Institute of Geophysics (NASU) Ukraine Partner country leader

Institute of Aviation Lukasiewicz ILOT Poland Co-director

Wroclaw University of Science and Technology Poland Co-director

Lviv National Polytechnic University Ukraine Co-director

Project goal: 

Design multi sensor system for UXO detection and identification, measure its effectiveness in testing ranges and real 
world (% detection, identification precision)

MinesEye - UXO (unexploded 

ordnance) identification and 

classification in de occupied 

territories of Ukraine

unmanned aerial vehicle



Combine agricultural drones
broadly available in Ukraine

With a smart system to scan 
territories in search for landmines

Solution - scalable

system for UAV scanning 

Visual camera

Own data logger

Own extender
 equipment

Magnetometer



Operating Temperature -20°C to +50°C

Weight / with Li-Ion battery 750 g / 884 g

Overall power consumption 500 mA

Sensor tube dimensions (W x D x H) 1,070 x 22 mm

Specified measurement range ±75,000 nT (higher ranges available on request)

Number of sensor axis 3

Distance between sensor centre points 1,000 mm

Sampling rate 200 Hz (higher rates available on request)

Internal memory 2 GB

Survey pre-processing software MagDrone DataTool

Technical specifications of Sensys MagDrone R3 magnetometer



Executed: December 2023



Details:

Inputs:
Number of ERW replica – 46 (various types)
Test range size: 100 x 90 m

Magnetic:

• Detection rate – 59%

• Detection rate (target objects) – 89%

• Replicability – 88%

• Replicability (target objects) – 100%

Visual:

• Detection rate – 18%

Coordinate error:

• 0.96 m

Kharkiv region - February 2024
ICHDRR SESU
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Soil sampling and laboratory magnetic measurements 

Crater from ballistic missile near Kyiv Destroyed russian position in Mykolaiv region



Laboratory equipment for study the magnetic properties 

of rocks and minerals in IGF NASU, Kyiv

Shielded room MMLFС with high precision 

thermal demagnetizer MMTD and spinner 

magnetometer JR-6 inside the coils

Dual speed spinner magnetometer JR-6 

AF Demagnetizer 

LDA 3A 

with AMU-1A modul 

AGICO

Three frequency Kappabrdige MFK-1B 

Magnetic laboratory

Demydiv

Sampling equipments



2G Enterprises cryogenic magnetometer DC SQUID

Equipment  for study the magnetic properties of rocks and minerals in 

Department of Magnetism, Institute of Geophysics Polish Academy of Science, 

Warsaw

MMTD1 Nonmagnetic furnace 
for thermal demagnetization 

JR6A dual speed spinner magnetometer
with LDA5/PAM1 demagnetizer

MFK1-FA Susceptibility bridgeMicromag AGFM 2900-02 Alternating 
gradient force magnetometer
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UXO destruction site Stari Petrivtsi (Kyiv region)  
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Distance from 
the crater, m χlf (976 Hz)*10-8 m3/kg Fe, мкг/кг Zn, мкг/кг Pb, мкг/кг Y, мкг/кг

SP1-0 0 29.26 8409 48 37 10

SP2-0 25 16.96 6733 37 27 10

SP3-0 43 13.65 4523n/s n/s 2

SP4-0 67 13.23 5089 14 8 2

SP5-0 91 10.93 4262 17n/s 2

UXO destruction site Stari Petrivtsi (Kyiv region)  
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Variation of the topsoil magnetic susceptibility 

from the distance to the explosion crater

SP1-0 SP2-0 SP3-0

Temperature dependence of the magnetic susceptibility of magnetic material extracted 
from the topsoil samples from the UXO landfill site 



MAGNETIC, GEOCHEMICAL AND MICROSCOPY CHARACTERIZATION OF SOIL POLLUTION IN UKRAINIAN CITIES – BASELINE TO TRACK FUTURE 

CHANGES RESULTING FROM THE WAR SITUATION

Various magnetic post classed maps of urban topsoil: a 
magnetic susceptibility (χ), b saturation remanence (Mrs), c 
anhysteretic ratio (χARM/χ), d frequency dependence of 
magnetic susceptibility (kfd)
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LONG AND SHORT-TERM POLLUTION EFFECT IN KYIV MEGAPOLIS ASSESSED FROM MAGNETIC AND GEOCHEMICAL MEASUREMENTS ON SOILS, TREE 

TRUNK BARK AND AIR FILTERS

Magnetic susceptibility maps of Kyiv: post-classed map

of measured soils χS, (a); post-classed map of measured

tree bark χB (b), IDW interpolated χS (c); IDW

interpolated χB (d)

Geographical distribution of magnetic susceptibility χS

and χB anomalies in relation to polluting industries.

Industries shown on the map: 1 – aviation plant; 2 –

machine tool factory; 3 – machinery plant (closed); 4 –

electrical equipment factory; 5 - TPS-2; 6 -

metalworking and ship construction plant; 7 - TPS-1; 8 –

asphalt and concrete factory; 9 – TPS-5; 10 – TPS-6; 11

– chemical factory (closed); 12 – railway car repair

factory; 13 - Darnytska TPS; 14 – ash landfill of

Darnytska TPS; 15 – municipal waste incineration plant.

Cluster analysis results: dendrogram of air sampling sites 

classified by kV temporal variation pattern

Temporal variation of magnetic

susceptibility of PM collected on air filters

at air sampling sites of cluster 1 (a), cluster

2(b), cluster 3 (c)

heavy traffic

heavy traffic

residential

residential

industry infl.

industry infl.
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OUTLOOK

The application of the results to the environmental pollution assessment,

military hazard evaluation and quantification of soil degradation will

accelerate the development of Ukraine's post-war recovery strategy.
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