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Abstract

Contemporary armed conflicts increasingly rely on fiber-optic-guided unmanned
aerial systems (UAS) as a technological response to electronic warfare. While the
military effectiveness of these systems has been widely discussed, their environmen-
tal consequences have received little attention. One material by-product of this shift
is the large-scale accumulation of fiber-optic drone tether debris (FODTD): poly-
mer-coated optical fiber remnants dispersed across soils, vegetation, and surface en-
vironments in conflict zones. We propose that FODTD constitutes a distinct and
previously unrecognized form of post-conflict environmental contamination. Unlike
conventional military debris or generalized plastic pollution, FODTD is character-
ized by filamentous physical structure, high spatial dispersion, persistence in terres-
trial environments, and predominantly physical modes of environmental interaction
rather than acute chemical toxicity. Through abrasion, weathering, and mechanical
fragmentation, FODTD can generate war-derived polymer microfibers (WDPM),
linking visible tether remnants to long-term micro-scale transformations in soils and
surface layers. Drawing on analogies with fishing gear debris, agricultural plastics,
and other filamentous anthropogenic materials, we outline plausible environmental
impact pathways and identify critical knowledge gaps. Ukraine, where fiber-optic-
guided drones have been deployed intensively over multiple years, represents a first
large-scale real-world setting in which this emerging form of contamination can be
observed at an early stage. Recognizing FODTD as a discrete environmental object
is essential for post-war land recovery, environmental monitoring, and anticipating
the ecological legacies of drone-based warfare.
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Key Points

1. Fiber-optic drone tether debris is proposed as a distinct source-category of
war-related environmental contamination.

2. Its environmental relevance arises primarily from persistence, filamentous
morphology, and diffuse spatial distribution.

3. Weathering and mechanical disturbance may transform tether remnants into
war-derived polymer microfibers.

4. Ukraine provides an early-stage landscape-scale setting for observing this
emerging contamination pathway.

5. Monitoring should combine visual mapping, material characterization, soil
sampling, and post-conflict land-use assessment.

Introduction

Environmental consequences of armed conflicts are often addressed only after hos-
tilities have ceased. Landmines, unexploded ordnance, heavy metals, fuel residues,
and infrastructural destruction are now widely recognized as long-term legacies of
war. In contrast, the environmental footprints of newly introduced military technolo-
gies frequently remain unexamined during the period of their most intensive use, even
when these technologies generate persistent material traces across inhabited and cul-
tivated landscapes.

Fiber-optic-guided unmanned aerial systems (UAS) represent one such technology.
Developed to overcome electronic jamming, these systems rely on long optical fibers
that physically connect the drone to its operator during flight. In recent conflicts, their
deployment has expanded rapidly, resulting in extensive deposition of abandoned or
severed fiber-optic tethers across terrestrial landscapes.

Despite the growing visibility of these materials in active and post-conflict environ-
ments, their environmental significance has not been conceptualized as a distinct form
of contamination. Current evaluations of war-related pollution usually ignore filamen-
tous polymer debris resulting from contemporary drone operations. This paper intro-
duces fiber-optic drone tether debris (FODTD) as a new form of pollution, delineates
its conceptual scope, delineates potential environmental pathways of impact, and lays
out a research agenda for systematic study.

This study should be read within the broader context of war-related pollution and
its environmental-health consequences. In Pollution and Diseases, military activity is
approached as a complex environmental and public-health process affecting soils, wa-
ter systems, agricultural landscapes, human communities, and animal populations.
Recent publications in the journal address wartime chemical pollution, freshwater cri-
ses, soil and water transformation under military activity, and the production of hu-
man environments (1—4). The present article situates FODTD within this broader
theoretical and methodological framework.
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Approach and Scope

This article develops a conceptual framework based on visual documentation,
emerging reports on fiber-optic drone use, and analogical evidence from microplastic,
fiber, soil, and post-conflict contamination studies. It does not present direct field
sampling or laboratory analysis of FODTD.

Conceptual Framework and Analysis
Definition of FODTD and WDPM

Fiber-optic drone tether debris (FODTD) is defined here as polymer-coated optical
fiber remnants generated during the operation, damage, or loss of fiber-optic-guided
unmanned aerial systems and subsequently deposited in terrestrial or aquatic envi-
ronments.

FODTD is characterized by:

«  high spatial density in conflict-affected landscapes;

« diffuse, linear, and irregular distribution rather than point-source deposition;
«  persistence in soils, vegetation, and surface layers;

« absence of planned recovery, removal, or disposal mechanisms.

Through environmental exposure and mechanical stress, FODTD can fragment into
smaller components. We use the term war-derived polymer microfibers (WDPM) to
denote the micro-scale transformation products derived from FODTD coatings and
associated polymer layers. FODTD thus represents the source-category, whereas
WDPM represents its environmentally transformed micro-scale products.

Visual Documentation and Morphological Recognition

Given the unusual nature of this phenomenon, several amateur photographs are
presented. The phenomenon has become widespread, and it is precisely amateur field
images that most accurately reflect its scale and material presence.

Figure 1. Use of fiber-
optic technology in
ground-based and
aerial military
drones. Source:
https://focus.ua/dig-
ital/700214-optovo-
lokonnye-drony-v-
ukraine-ispytali-no-
vye-bpla-foto



https://focus.ua/digital/700214-optovolokonnye-drony-v-ukraine-ispytali-novye-bpla-foto
https://focus.ua/digital/700214-optovolokonnye-drony-v-ukraine-ispytali-novye-bpla-foto
https://focus.ua/digital/700214-optovolokonnye-drony-v-ukraine-ispytali-novye-bpla-foto
https://focus.ua/digital/700214-optovolokonnye-drony-v-ukraine-ispytali-novye-bpla-foto
https://focus.ua/digital/700214-optovolokonnye-drony-v-ukraine-ispytali-novye-bpla-foto
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Figure 2. Field example of FODTD deposited across a battlefield landscape in
Ukraine. The filamentous structure, diffuse and linear spatial distribution, and fre-
quent entanglement with vegetation distinguish FODTD from conventional point-

source military debris. These materials are typically left in place without recovery or
remediation, becoming persistent elements of post-conflict landscapes. Source:
https://www.reddit.com/r/interestingasfuck/com-

ments/11082je/photo of a field in the ukrainian war zone/

In many such images, the battlefield begins to resemble a landscape entirely cov-
ered by a web-like network of filaments. The war in Ukraine has produced numerous
examples of this phenomenon, documented across a wide range of publicly available
sources.


https://www.reddit.com/r/interestingasfuck/comments/1l082je/photo_of_a_field_in_the_ukrainian_war_zone/
https://www.reddit.com/r/interestingasfuck/comments/1l082je/photo_of_a_field_in_the_ukrainian_war_zone/
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Material Composition and Environmental Persistence
Natural filamentous systems as a baseline for interpretation

Filamentous structures are not alien to natural landscapes. Numerous organisms
produce linear materials that interact with airflows, vegetation, and surfaces, forming
spatially extended networks visible at local or landscape scales. Among the most illus-
trative examples are spider silk systems produced by large orb-weaving and social spi-
der species (5—9).

These natural filament systems are adaptive, biodegradable, and biologically regu-
lated. Their persistence depends on continuous biological maintenance, repair, and
eventual decay, and their spatial distribution reflects ecological function rather than
mechanical deposition.

Establishing this natural baseline is essential for distinguishing biologically inte-
grated filamentous structures from those introduced by technological systems. While
both may produce visually comparable “web-like” landscapes, their origins, material
properties, maintenance mechanisms, and long-term environmental trajectories differ
fundamentally.

From natural webs to anthropogenic filament landscapes

In contrast to biologically produced silk systems, filamentous structures introduced
through military activity lack ecological integration and post-deployment regulation.
FODTD represents a mechanically generated filament load deposited across land-
scapes without intent of environmental persistence, recovery, or maintenance. Once
released into the environment, these filaments do not decay through biological path-
ways but instead persist as synthetic linear elements subject only to physical weather-
ing and fragmentation.

The visual resemblance between natural spider webs and landscapes entangled with
fiber-optic debris can be striking, particularly when filaments accumulate across veg-
etation or open ground. However, this resemblance is superficial. Unlike natural webs,
FODTD is not spatially optimized for ecological function, nor is it constrained by bio-
logical cost. Its distribution reflects drone trajectories, tether breakage points, wind
redistribution, and land-use patterns rather than adaptive design. As a result, FODTD
forms heterogeneous and often chaotic filament networks that may persist for years.

This transition from adaptive, biodegradable filament systems to persistent, un-
managed synthetic ones constitutes a qualitative change in landscape structure. What
seem to be similar at first glance, refer in fact to fundamentally different material re-
gimes. Recognizing this shift is critical for understanding why fiber-optic drone debris
should not be interpreted as benign or transient, but rather as a distinct category of
anthropogenic filamentous contamination with long-term environmental implica-
tions.

Fiber-optic drone tethers are composite materials typically consisting of a silica-
based optical core surrounded by one or more polymer coatings, most commonly acry-
lates, polyurethanes, epoxies, or fluoropolymers, along with stabilizers, pigments, and
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other functional additives (10—14). In many designs, additional reinforcing elements
are incorporated to increase tensile strength and mechanical resilience during deploy-
ment (14).

While silica glass is relatively inert under most environmental conditions, polymer
coatings dominate environmental interactions once the tether is deposited in terres-
trial environments. Exposure to ultraviolet radiation, temperature cycling, moisture,
mechanical abrasion, and repeated disturbance promotes progressive polymer aging,
including surface oxidation, embrittlement, microcracking, and fragmentation (13,14).
These processes are well documented for a wide range of synthetic polymers and coat-
ings and provide transferable expectations for the environmental behavior of fiber-
optic tether coatings.

Empirical data on coating degradation specifically under conflict-field conditions
remain limited. However, laboratory and field studies on polymer weathering demon-
strate predictable pathways of degradation, including UV-driven photo-oxidation,
stress-induced cracking, and gradual release of micro- and microfibrous fragments
that can be evaluated under in situ conditions (13,14). Such pathways are consistent
with the formation of WDPM from FODTD through prolonged environmental expo-
sure.

Because many conflict-affected areas do not undergo systematic debris removal, the
persistence of FODTD and its transformation products is likely to be measured in years
rather than weeks. Spatial heterogeneity in persistence and fragmentation rates is ex-
pected to be driven by land use, vegetation structure, soil texture, hydrological regime,
and surface disturbance intensity, with soils acting as long-term sinks for polymer
fragments and fibers (15).

Morphology of war-related contamination associated with FODTD

A distinct set of scientific challenges emerges when attention shifts from the mere
presence of FODTD to its morphology and transformation processes. At present, this
phenomenon is primarily encountered through visual documentation—field photo-
graphs, amateur images, and sporadic observations that capture extensive filamentous
structures spread across battlefields. These images are striking and widely circulated,
yet they remain largely descriptive. They show that a new material form is present, but
not what it becomes once embedded in environmental systems.

From a morphological perspective, FODTD represents a macro-scale filamentous
source material composed of polymer-coated optical fibers. Once deposited in terres-
trial environments, these filaments are subjected to mechanical stress, ultraviolet ra-
diation, moisture, temperature cycling, and repeated surface disturbance. Over time,
such exposure initiates progressive degradation of polymer coatings, leading to em-
brittlement, surface cracking, abrasion, and fragmentation. Similar degradation path-
ways and surface characteristics have been observed for synthetic polymer fibers
exposed to environmental and mechanical stress in aquatic and terrestrial environ-
ments (16—19). Through these processes, visible tether remnants become potential
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sources of WDPM that persist at micro- and sub-millimeter scales in soils and surface
layers.

At present, direct morphological attribution of microfibers specifically to FODTD
sources remains limited. Consequently, existing studies of polymer microfibers docu-
mented in soils, sediments, and aquatic environments serve as morphological ana-
logues rather than definitive source confirmations. Scanning electron microscopy
(SEM)—-based investigations have demonstrated that polymer fibers exhibit character-
istic features—such as fibrillation, surface pitting, longitudinal cracking, and irregular
fracture ends—that reflect distinct pathways of mechanical abrasion and environmen-
tal aging (20—24). These features provide a critical comparative framework for inter-
preting the likely transformation products of fiber-optic tether coatings under field
conditions.

The importance of morphology in this context is not merely descriptive. Morpho-
logical form governs how materials interact physically with soils, vegetation, water,
and biota. Linear geometry, flexibility, surface roughness, and fragment size determine
whether fibers remain on the surface, become entangled in vegetation, are incorpo-
rated into soil aggregates, or are redistributed by wind, water, and agricultural activity.
Soil-focused SEM studies further demonstrate that fibrous particles interact with min-
eral matrices in ways that differ fundamentally from spherical or irregular fragments,
influencing detectability, persistence, and spatial distribution.

A critical conceptual step is thus to recognize FODTD as a morphologically distinct
form of war-related contamination. Without morphological characterization, FODTD
is cast as incidental debris seen in photographs, rather than as a material system un-
dergoing predictable transformations. Conversely, systematic study of its morphol-
ogy—from intact tethers to microfibrous fragments—allows this phenomenon to be
situated within existing frameworks of environmental materials science, soil physics,
and microplastic research.

In this sense, the study of FODTD morphology marks the transition from visual
recognition to scientific understanding. It acknowledges that a new form of anthropo-
genic contamination has been produced by contemporary warfare and that its envi-
ronmental significance cannot be assessed solely through imagery or anecdotal
observation. Instead, it requires explicit morphological analysis capable of linking
what is seen at the surface to the long-term, less visible transformations occurring
within soils and terrestrial ecosystems.

Potential Environmental Impact Pathways

The environmental significance of FODTD is likely to arise through multiple inter-
acting pathways that operate across spatial and temporal scales. These pathways are
primarily physical and physico-chemical in nature and may lead to secondary biologi-
cal effects through modification of soil structure and surface processes rather than
through acute chemical toxicity.
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Physical effects

The filamentous structure of FODTD distinguishes it from particulate forms of plas-
tic pollution and suggests a set of physical impact mechanisms analogous to those doc-
umented for other linear anthropogenic materials. Potential physical impacts include
entanglement of wildlife, interference with agricultural machinery and land manage-
ment practices, and modification of soil surface roughness and microtopography
(10,25). Linear debris may also trap plant residues and organic matter, locally modi-
fying surface energy balance, moisture retention and erosion dynamics (25,26).

Similar physical effects have been observed for abandoned fishing gear, agricultural
twines and wire debris, where ecological consequences arise from persistence and me-
chanical interaction rather than chemical reactivity (10,25). Such analogs suggest that
FODTD may exert chronic, spatially heterogeneous physical stresses on terrestrial sys-
tems even at relatively low mass loads.

In addition to direct mechanical interactions, FODTD and its transformation prod-
ucts may influence soil physical and chemical properties. Polymer coatings and WDPM
can affect soil porosity, aggregation and water retention by introducing persistent,
non-degradable linear elements into the soil matrices. Such effects have been docu-
mented for microplastics and fibrous fragments in soils, where changes in pore struc-
ture and aggregate stability can alter infiltration and gas exchange (27,28).

Polymer surfaces can also be sorbents for co-occurring contaminants such as petro-
leum hydrocarbons, polycyclic aromatic hydrocarbons (PAHs), and metals commonly
found in post-conflict environments (29—31). While the magnitude and direction of
these interactions remain context-dependent, adsorption onto polymer surfaces has
the potential to modify contaminant mobility and persistence, particularly in hetero-
geneous soils subjected to repeated disturbance.

Biological and microbial effects

Synthetic polymers introduced into soils can serve as substrates for distinct micro-
bial assemblages, a phenomenon widely described as the “plastisphere”. Thus, FODTD
and WDPM can indirectly affect the composition of the soil microbial community, en-
zymatic activity, and nutrient cycling by providing new surfaces and microhabitats
(30-32).

Experimental and field studies on microplastics in soils reveal biological responses
are generally subtle, chronic, and spatially variable, affected by interactions between
polymer type, particle morphology, soil properties, and land use (27,28,31). In the con-
text of FODTD, such effects are likely to emerge gradually and may be difficult to detect
without long-term, spatially explicit monitoring frameworks.

Integrated pathway perspective

Importantly, these physical, physico-chemical, and biological pathways should not
be considered in isolation. Their interaction may produce system-level effects that are
not predictable from single-factor studies. For example, changes in physical entangle-
ment or surface roughness may alter moisture regimes, which then affect microbial
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activity and contaminant mobility (26,31). Integrated research designs are therefore
essential to capture the cumulative and landscape-scale consequences of FODTD ac-
cumulation in post-conflict environments.

Ukraine as an Early-Stage Observational Case

Ukraine represents the first large-scale real-world setting in which FODTD accu-
mulation can be observed at an early stage. The overlap with agricultural landscapes
and inhabited areas makes this case especially relevant for post-conflict recovery.

Ukraine represents one of the first large-scale documented settings in which fiber-
optic-guided unmanned aerial systems have been deployed intensively over multiple
years across a wide range of terrestrial environments. During the later phase of Rus-
sia’s full-scale war against Ukraine, especially from 2024-2025, fiber-optic-guided
drone systems have become increasingly visible across frontline environments.

A defining feature of the Ukrainian context is the spatial overlap between current
drone-related contamination and pre-existing anthropogenic pressures. Many af-
fected regions are characterized by layered contamination histories that include indus-
trial activities, intensive agriculture, legacy pollution from earlier conflicts, and
ongoing military operations since 2014 (1,3,4). The emergence of FODTD therefore
adds a new, filamentous contamination layer to landscapes that are already environ-
mentally complex.

This layered context provides a unique opportunity to investigate how a novel
source-category of contamination interacts with heterogeneous soils, land-use sys-
tems, and legacy pollutant baselines. Unlike isolated test sites or short-term military
engagements, the spatial extent and duration of drone deployment in Ukraine allow
observation of FODTD at an early stage of environmental persistence, before extensive
remediation, burial, or transformation obscures initial distribution patterns.

Ukraine also provides strong heterogeneity in soil types, vegetation structure, hy-
drological regimes, and land management practices. These gradients allow compara-
tive analysis of FODTD persistence and transformation along contrasting
environmental settings, such as cultivated fields, unmanaged lands, and peri-urban
environments (26). Such variability is particularly valuable for assessing spatially het-
erogeneous processes, including fragmentation rates, redistribution by agricultural ac-
tivities, and incorporation into soil matrices.

Importantly, much of the territory affected by FODTD is inhabited and actively
used. As a result, environmental processes associated with FODTD accumulation are
closely coupled with land use, agricultural productivity, and post-conflict recovery
planning. This distinguishes the Ukrainian case from many previous studies of war-
related contamination conducted in restricted or abandoned zones and underscores
the relevance of FODTD research for long-term landscape management.

Research Gaps and Monitoring Priorities

Peer-reviewed empirical studies directly quantifying FODTD as an environmental
contaminant remain scarce. The issue is currently addressed mainly through policy
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analyses, expert commentary, preliminary assessments, and analogical evidence from
microplastic, soil, and post-conflict contamination research.

Despite the visible accumulation of fiber-optic tethers in contemporary conflict
zones, no established research framework treats these materials as a discrete pollution
category requiring targeted assessment.

Two extensive research domains exist that, in principle, should converge on this
problem but in practice remain only weakly connected. The first domain encompasses
plastic pollution research, including studies on filamentous plastics and microfibers,
their environmental persistence, fragmentation pathways, and interactions with soils,
sediments, and biota (24,27,28,32). This literature has demonstrated that linear poly-
mer materials can exert long-term physical, physico-chemical, and biological effects
even at relatively low mass concentrations, particularly in terrestrial environments.

The second domain focuses on war-related environmental contamination. This
body of work emphasizes explosive residues, metals, petroleum products, combustion-
derived pollutants, fires, and infrastructure damage as the dominant environmental
legacies of armed conflict. These studies have established the importance of post-con-
flict environmental assessment, long-term monitoring, and remediation planning but
have largely overlooked non-explosive, filamentous materials generated by modern
military technologies.

FODTD occupies the intersection of these two domains. It is a conflict-generated
polymer contamination whose dominant environmental modes are likely to be physi-
cal, spatial, and long-term rather than acutely toxic. However, because it does not fit
neatly into existing categories of either plastic pollution or military contamination, it
has remained analytically invisible. As a result, baseline documentation is lacking,
monitoring protocols are undeveloped, and FODTD is typically classified as incidental
debris rather than recognized as a persistent, spatially structured environmental con-
taminant.

Recognizing this conceptual blind spot is critical. The absence of a defined category
can delay environmental monitoring, obscure contamination baselines, and fragment
research efforts across disciplinary boundaries. By explicitly defining FODTD as a
source-category of post-conflict contamination, this paper provides a conceptual
bridge between plastic/soil pollution science and war-related environmental assess-
ment, enabling integrated approaches to observation, mapping, and long-term analy-
sis.

Limitations

This article has several limitations. First, it is primarily a conceptual and problem-
framing study. It does not present systematic field sampling, laboratory identification,
chemical characterization, or quantitative measurement of FODTD in soils, water, veg-
etation, animal tissues, or human environments. Therefore, the article should not be
interpreted as providing direct empirical proof of toxicity, disease causation, or quan-
tified ecological risk.

10



POLLUTION AND DISEASES REPOSITORY / 2026

Second, the proposed category of WDPM is based on a logical interpretation of the
material form, expected degradation pathways, and analogies with existing research
on plastic fibers, microplastics, synthetic polymers, and post-conflict environmental
contamination. Direct experimental evidence demonstrating the transformation of
FODTD into WDPM under battlefield or post-battlefield conditions remains neces-

sary.

Third, the available visual materials are used for illustrative and conceptual pur-
poses. They demonstrate the morphology and field visibility of fiber-optic tether rem-
nants, but they do not provide a representative spatial dataset. The density,
distribution, persistence, and accumulation patterns of FODTD across different
Ukrainian landscapes remain unknown.

Fourth, the article focuses on Ukraine as an early and important observational con-
text. However, when applied to other conflict zones, different drone systems, different
fibre-optic cable materials or different climatic and soil conditions, the proposed
framework may need to be adapted.

Fifth, wartime conditions place major methodological constraints. Access to con-
taminated territories may be constrained by active hostilities, landmines, unexploded
ordnance, security restrictions and risks to researchers and local communities. These
conditions complicate direct sampling, long-term monitoring, and independent veri-
fication.

For these reasons, the article should be understood as an initial scientific framing
of an emerging contamination problem. Its main contribution is to define FODTD as
a distinct source-category of war-related pollution and to propose research directions
for future environmental, toxicological, ecological, veterinary, and public health stud-
ies.

Conclusions

FODTD represents an emerging form of post-conflict environmental contamination
associated with contemporary drone-based warfare. Its environmental significance
does not arise from acute chemical toxicity but from persistence, filamentous physical
structure, diffuse spatial distribution, and interactions with existing environmental
stressors. These characteristics distinguish FODTD from both conventional military
debris and generalized plastic pollution.

FODTD can produce WDPM from environmental weathering and mechanical dis-
ruption, linking observable macro-scale debris to longer-term micro-scale changes in
soils and surface environments. This transformation pathway highlights the im-
portance of treating FODTD as a source-category rather than as isolated fragments or
incidental debris.

Ukraine provides the first large-scale opportunity to observe this novel form of con-
tamination at an early stage of its environmental trajectory. The spatial extent of drone
deployment, combined with heterogeneous soils, land uses, and layered

11
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contamination histories, allows investigation of FODTD persistence and transfor-
mation before remediation, burial, or redistribution obscure initial patterns.

Recognizing FODTD as a discrete environmental object is a necessary step toward
building appropriate monitoring strategies, analytical frameworks, and post-conflict
land recovery approaches. As fiber-optic-guided systems continue to proliferate, the
material traces they leave behind must be incorporated into environmental assess-
ment not as secondary by-products of warfare, but as integral components of post-war
landscapes.
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