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Map of Ukrainian territories affected by the war
(https://mine.dsns.qgov.ua/),

Main goals toachieve:

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

« quantifyiron and heavy metals emissions deposited in the topsoil

« assess by geoinformation modelling of spatial distribution of heavy metals associated
with weaponresidues and small size particulate matter


https://mine.dsns.gov.ua/

Table 3.

Sustainability 2020, 12, 9002; d0i:10.3390/su12219002

Concentrations of common PTEs (mg kg‘] ) in military-impacted soils in reviewed studies conducted on military base areas (MBA) and war-impacted areas (WIA).

Reference Site Activity Soil pH Ag As Ba Cd Cov Cr Cu Hg Mn Mi 5b Ti v n r
(9] _ Bosnia MBA 9.2-9.9 0.8-6.1 23.6-443 404736 917-238
Herzegovina
1691 Switzerland MBA 6366 450860 55-61 17-21 100-110
[21] Korea MBA 745811 318-562 L 26-108 104123
7] Norway MBA 41-88 40123
19 Spain MBA 40-79 10-98 11-33 3264
[29] Korea MBA 1168 164
Caach - - . . I I
28 ;| 77 13 23 181 184 L 10.7 155 3.33 313
[28] Republic MBA 5.6 5 0.235 B B 6.91 0. 5 ] 4
1] Canada MBA 245 73 177
(651 Us. MBA 49 2.47-2.67 3627384  G5.67-11877 9LE7-107.33 33777 0.08-0.12 54.8-58.27
[26] Canada MBA 5981 1760 780 355
18] Australia MBA 5.3-6.4 0.25-9.55 0.43-1250 0.48-8.97 1.18-10,403 1-252 0.99-179
1671 Us. MBA al1-672 10,068-7
161 Canada MBA 14,400-27,100  150-570 2601080
1631 Us. MBA 44 819 28-27.9 §1-930 133 454924 484 7-a1 102-284
13 Canada MBA 0.8-10 24375 ~15.2 +241 121 5538 68-355 118120
161 Korea MBA 0.0735-0.22 348169
[15] Switerland MBA 32-36 2131147 470-80,935 60.3-128.3
Iran
[64] {Iran-Traq War, WIA 8 3.9 o 13 156 40 225 443 110 % 8 3000 63 4420 100
1980-1988)
B Spain (WWIL, i .. - . e . . i ] R werim o
[24] DD o4m) WIA 14-42 15-23 &0-115 1403-11,860  0.142-0624  960-2492 19-96 1555-2000 2505-9019
Poland (WWI,
N 1914-1918; i s 1in
71 oL WIA 5359 04162
1939-1945)
Croatia,
(2 (War WIA 4872 013 32 13 0.07 506 19 17 53
Independence,
1991-1995)
, France (WWI, ) s R R
[70] Tore 1a1s) WIA 5359 1937-72,820 9RB-5777
Belgium,
[16] (WWI, WIA 233 476
1914-1918)
Belgium
[20] WWI, WIA 2.9
1914-1918)
(23] ':Fj'.‘f_‘ ";"':‘I L WIA 4458 59-136,770 57 2239 20-15,755 99840 817 766-26,398 399133237
*

: Not available.



Sources of PTE (in particular, HM)

in soils of regions affected by war We propose to use the magnetic
method as atool for quantification of
* UXO soil pollution with military-related HM
*  Weapon residues emissions
e Small size particulate matter
FeS | Siderite
FeCO:
Industry Road trafflc Sat

Combustion with S0:

temperature increase “T
0:
Fe2t + Fe3* + S <£
Oxidation
OE ﬂ

Man-made:
- Magnetite
Magemite
- Hematite
Heavy
metals admixtures
J
RESULTS:
At the depth of 0-30 cm new

magnetic and geochemical
anomalies

-




Field measurements

high-resolution magnetometer survey

magnetic susceptibility mapping

Methodology

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

v

Magnetic Symbol Magnetic Description
parameters quantities
Group 1|« 10™ 81 Volume magnetic susceptibility (dimensionless)
Concentration-de | 7, m'kg Mass-specific magnetic susceptibility measured in low frequency
pendent m'kg Mass-specific magnetic susceptibility measured in high frequency
parameters - m'kg Ferrimagnetic susceptibility
represent the Amkg Saturation magnetization (mass normalized)
conceatration of M, or] Am kg Saturation remanent magnetization (SIRM)
magaetic Mor], Am kg Izothermal remanent magnetization (IFL\[)' -
minerals M, orJ Am“kg Anhysteretic remanent magnetization (ARM): subject to a small
amount of single domain particles
M, or], mA/m Natural remanent magnetization (NRM): subject to the constant
composition of the magnetic fraction
Graup 2. | Q-ratio - Koenigsberger ratio
Magnetic-mineral | S-ratio - Relative  amounts of high coercivity (“hard™, like
ogical parameters magnetite/maghemite) to  low coercivity (“soft”, like
— represent the goethite hematite) remanence
composition of | H mT Saturation field or field, in which 90% of the szaturation
the magnetic magnetization is acquired
fraction (relative | B or H_ mT Coercive force
content . the [B or mT Bemanence coercivity
magastic Curie temperatures T, (by 7 (T), M, (T)); vablocking temperatures T ., (by SIRM (T), NEM (T));
fraction) median destructive AF field MDF (by AF demagnetization of remanent magnetization NEM,
SIRM, ARM), residoal magnetization after maximum demagnetization MM, ; hard isothermal
remanent magnetization HIRM
Graup 3. | FD % Frequency-dependent factor; FD. = 100-(3, — %.0'%
Granulometric M, or ], Am'kg Anhysteretic remanent magnetization (ARM): subject to a small
pagrameters amount of single domain particles

—particle size of
magnetic
minerals and the
associated
domain state of
ferromagnetic
(structurally

sensitive)

Ratios 3/SIRM, 3/ARM, SIRM/ARM (proportional to the grain size); bivariate plots of hysteresis

parameters M /M_B_/B,




Using magnetometer survey for detecting explosion craters,
iron debris clusters and hit sites

160m e

80m | &

40m —§

Technical characteristics of magnetometer PKM-1

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

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 traverseinterval is usually chosen with 0.5mor 1 m.

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



Using magnetometer survey for detecting explosion craters, iron debris clusters and hit sites

“site.0Z1

-20nT

Site 0Z10

-20nT -15nT -10nT -5nT OnT 5nT 10nT 15nT 20nT Ee D

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 0Z10 site; (d) 3D representation of magnetic

map of 0Z10 site.
10



Eurizone Fellowship Programme
Developmentand implementation of multitask magnetometer survey
methodology

Sergyi Popov- Pl
Taras Shevchenko National University of Kyiv

GEM GSMP Potassium Magnetometer for High Precision
and Accuracy

Mineral Exploration, UXO, Archaeology

GSMP-25

Sensitivity: 0.022nT @ 1Hz

Resolution: 0.0001 nT

Absolute Accuracy: +/- 0.05 nT

Dynamic Range: 15,000 to 120,000 nT, (250,000 optional)
Gradient Tolerance: 50,000 nT/m

Sampling Rate: 1, 2, 5, 10, 20 Hz

Operating Temperature: -40°C to +55°C

11
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- scalable
system for UAV scanning

Combine agricultural drones
broadly available in Ukraine

With a smart system to scan
territories in search for landmines

Own data logger

Visual camera

Own extender
equipment

Magnetometer




Technical specifications of Sensys MagDrone R3 magnetometer

T

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

3
200 Hz (higher rates available on request)

Survey pre-processing software MagDrone DataTool
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Executed: December 2023 ;Lu

v

% *, MON-50

Summary:
A 'i - 8 Landmines were detected and confirmed,
ozm-72 ; among them:
e - 3 TM-62M antitank mines
¢ ,;" == 2 OZM 72 antipersonnel fragmentation mines
-= MON-20
_;'. i 62 - PMN-
PMN-1 .ﬂ "MC’N'E‘{'
4, > - Area covered = 7070 m ~ 0.5 hectare
T™-62M ‘\ - Instrument noise <2 nT (picture attached)
Bl - Largest anomaly: peak-to-peak 495 nT, range
3.66m
T™-62M - average instrument altitude = 0.7m above the soil
E - Number of targets detected (several targets have
sy to be merged, cutoff point 10 nT for analytic
Summary:
- 8 Landmines were detected and confirmed,
among them:

-- 3 TM-62M antitank mines

-- 2 0ZM 72 antipersonnel fragmentation mines
nnnnnnn

£o0sTuP
Tesr




Kharkiv region - February 2024 e
ICHDRR SESU

e —
Details:

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

. Detection rate—59%

. Detection rate (target objects)— 89%
. Replicability— 88%
. Replicability (target objects)—100%

Visual:
. Detectionrate—18%

Coordinateerror:

. 0.96 m

%STUD




Soil sampling and laboratory magnetic measurements




Magnetic laboratory
Demydiv

Shielded room MMLFC with high precision
thermal demagnetizer MMTD and spinner

Laboratory equipment for study the magnetic properties
of rocks and minerals in IGF NASU, Kyiv

o Dual speed spinner magnetometer JR-6
Sampling equipments

AF Demagnetizer
LDA 3A
with AMU-1A modul

magnetometer JR-6 inside the coils Three frequency Kappabrdige MFK-1B



equipment Tor study the magnetic properties orf rocks and minerals in )
Department of Magnetism, Institute of Geophysics Polish Academy of Science,
Warsaw

JR6A dual speed spinner magnetometer
with LDA5/PAM1 demagnetizer

MMTD1 Nonmagnetic furnace
for thermal demagnetization

Micromag AGFM 2900-02 Alternating MFK1-FA Susceptibility bridge
gradient force magnetometer



UXO destruction site Stari Petrivtsi (Kyiv region)
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Variation of the topsoil magnetic susceptibility g
from the distance to the explosion crater 8
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LONG AND SHORT-TERM POLLUTION EFFECT IN KYIV MEGAPOLIS ASSESSED FROM MAGNETIC AND GEOCHEMICAL MEASUREMENTS ON SOILS, TREE

Magnetic susceptibility maps of Kyiv: post-classed map
of measured soils ys, (a); post-classed map of measured
tree bark ys (b), IDW interpolated ys (c); IDW
interpolated g (d)
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TRUNK BARK AND AIR FILTERS

Geographical distribution of magnetic susceptibility yg
and yg anomalies in relation to polluting industries.
Industries shown on the map: 1 — aviation plant; 2 —

Cluster analysis results: dendrogram of air sampling sites
classified by ky, temporal variation pattern
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OUTLOOK

L

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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Abstract °

Metallurgical industries incorporated into the living environment of the city cause significant enrichment of the topsoil an S O r 0 ur at t e n t 1 O n
with harmful substances including small size particulate matter, which contains heavy metals and mgnenc iron oxides. e
The present study is focused on ck ization of ic and hemical pollution lated by urban soils in the

city oll’apor zhzln.‘n Indumm] dusts from the most powerful emmitants of airborne pollution are also analyzed. Two types

of fons were discriminaied to coniri in urban soil magnetization: spread of coarse-grained

magnetite-bearing particles is limited to industrial zone, while smaller magnetic spherules were Iraned to settle far from the

pollution sources bringing significant amounts of heavy metals to the soil.
and anhysteretic ratio of soil samples show strong relationship with heavy metals contents and pal]uuon load index. Thus,
magnetic parameters can serve as reliable proxies for complex urban and industrial pollution of soils. The obtained results
provide important insight into magnetism and geochemisiry of urban soils in Zaporizhrhia, characierizing the pollution raie
as it was prior (o the war situation starting in February 2022,

Keywords Magnetic properties - Iron oxides - Heavy metals - Industrial pollution - Zaporizhzhia
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