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EXECUTIVE SUMMARY

Mangrove forests and coastal wetlands represent Earth's most productive yet vulnerable
ecosystems, providing critical services including carbon sequestration (3-5x more than tropical
rainforests), coastal storm protection, and nursery grounds for commercially important fish
species. However, these same characteristics make them particularly vulnerable to oil
contamination under spill conditions.

REPORTED ECOLOGICAL OUTCOMES IN DOCUMENTED APPLICATIONS:
Mangrove mortality: Reported below 10% in documented applications under controlled
conditions. Results depend on oil type, exposure duration, species sensitivity, and site-
specific factors.

* Fish nursery function: Generally maintained during treatment in documented
observations, subject to site-specific ecological sensitivity and monitoring protocols.

» Carbon sequestration: Recovery reported within 6-9 months in certain case observations
under favorable conditions; timelines vary by region, season, baseline health, and severity
of initial impact.

* Secondary contamination: No significant secondary contamination was observed from
cleanup operations in documented field conditions when applied according to protocols
and in compliance with local environmental procedures.
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1. THE CHALLENGE: OIL POLLUTION IN SENSITIVE
ECOSYSTEMS

1.1 Why Mangrove Forests Are Uniquely Vulnerable
MANGROVE ECOLOGICAL CHARACTERISTICS THAT AMPLIFY OIL DAMAGE:

* Pneumatophore roots: Specialized breathing structures that extend above sediment
surface can become oil-coated, potentially leading to asphyxiation.

« Tidal dynamics: Oil infiltrates root systems during high tide and becomes trapped in
anaerobic sediments during low tide, creating conditions that may slow natural
degradation.

* Nursery habitat: Many commercially important species use mangroves as breeding and
juvenile development areas, making these zones particularly sensitive to disturbance.

1.2 Conventional Cleanup Methods: Potential Consequences

Traditional oil spill response approaches face significant challenges in mangrove environments:

Method Potential Challenges

Chemical dispersants May increase oil bioavailability to organisms; toxicity concerns
in nursery habitats; effectiveness varies with oil weathering and
environmental conditions.

Mechanical removal Physical disturbance to root systems; soil compaction affecting
regeneration; accessibility limitations in dense mangrove
stands; potential for long-term habitat alteration.

High-pressure washing Bark damage and direct physical trauma to trees; mobilization
of contaminated sediments; potential disruption of sediment
structure and microbial communities.

1.3 The Need for Low-Disturbance Solutions

Low-disturbance intervention emphasizes working with natural processes rather than introducing
additional stressors:

* Preserve existing vegetation and root architecture

* Support in-situ biodegradation by indigenous microbial communities

* Minimize physical access and equipment deployment in sensitive areas
* Maintain ecological functions during treatment
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2. EXOLINE® OIL STOP: LOW-DISTURBANCE APPROACH

2.1 Composition and Ecotoxicological Profile
COMPOSITION BREAKDOWN:

* Primary component: Calcium peroxide (CaO,) — 65-70%
* Inert carrier material: Calcium carbonate (CaCO3) — 25-30%
+ Trace additives: Surfactants and wetting agents — <5%

ECOTOXICOLOGICAL ASSESSMENTS:

Ecotoxicological assessments conducted under referenced laboratory and field conditions have
not indicated acute adverse effects in tested species at application dosages. Classification and
environmental acceptance remain jurisdiction-specific and subject to local regulatory
requirements.

2.2 In-Situ Biodegradation Support Mechanism

The treatment approach is designed to work in three phases:

PHASE 1: OXYGEN DELIVERY (0-48 HOURS)

Chemical reaction upon contact with water or moisture:

CaO,; + 2 H,O - Ca (OH) 2 + H;0,
2 HzOz - 2 Hzo + OzT
* Oxygen yield: Approximately 0.2-0.3 g O, per gram of product under controlled conditions

* Intended function: May help reduce the risk of pneumatophore asphyxiation during oil
coating, depending on exposure severity and site-specific conditions

PHASE 2: MICROBIAL ACTIVATION (48 HOURS - 30 DAYYS)

Native oil-degrading bacteria already present in mangrove sediments may include species such
as Alcanivorax, Marinobacter, Pseudomonas, and Rhodococcus. The oxygen-enriched
environment is intended to support aerobic microbial activity in the treatment zone.

» Total Petroleum Hydrocarbon (TPH) reduction: Reported ranges of 40-60% in the first 30
days in documented pilot applications. Actual rates depend on oil type, weathering state,
temperature, indigenous microbial populations, and sediment characteristics.

PHASE 3: COMPLETE MINERALIZATION (30-180 DAYS)

Continued microbial activity under favorable conditions may progressively reduce residual
hydrocarbons. Complete mineralization timelines vary significantly based on environmental
factors, oil composition, and baseline site conditions.
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3. APPLICATION PROTOCOLS BY ECOSYSTEM TYPE

3.1 Mangrove Forests
APPLICATION METHOD A: SURFACE APPLICATION

» Equipment: Backpack sprayer or aerial dispersal for larger areas

» Formulation: Product suspended in seawater (typical concentration: 200 g/L slurry)

+ Typical application rate: 2-5 kg/m? depending on observed oil thickness and substrate type

+ Timing optimization: Low tide application generally recommended to expose root systems
and allow product settling into the affected zone

APPLICATION METHOD B: SUBSURFACE INJECTION

* Equipment: Soil injection probe (typically 1-2 cm diameter, 30-50 cm working depth)

» Application pattern: Grid spacing typically 50 cm, with careful root avoidance

» Critical parameter: Injection pressure should be maintained below 0.5 bar to minimize root
disturbance

3.2 Salt Marshes and Coastal Wetlands

Salt marsh applications require assessment of oil penetration depth through soil core sampling:

» Surface contamination (<5 cm): Surface spray method typically recommended

» Deep penetration (5-20 cm): Subsurface injection approach may be appropriate

» Access consideration: Boardwalks or designated paths recommended to minimize
vegetation trampling

3.3 Coral Reef Adjacent Areas

Special precautions for reef-adjacent applications:

+ Buffer zones: Maintain appropriate distance from living coral based on tidal exchange
patterns and local environmental requirements

» Application timing: Coordinate with tidal cycles to minimize product transport toward reef
structures

3.4 Estuaries and Breeding Grounds

Seasonal considerations for spawning and nursery areas:

» Pre-treatment survey: Visual or methodical fish population assessment recommended
where feasible

» Spawning restrictions: Treatment timing should consider local spawning calendars and
critical life stages

* Monitoring protocol: Post-treatment observation of juvenile fish presence and behavior
where appropriate
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4. FIELD APPLICATION: SUNDARBANS MANGROVE,
BANGLADESH

Background

Following a vessel collision and fuel oil release affecting Sundarbans mangrove areas, initial
response efforts in 2014-2015 employed conventional manual collection methods. Subsequent
assessment indicated ongoing hydrocarbon presence and variable vegetation recovery across
affected zones.

Pilot Application (2016)

Parameter Details

Pilot area 5 hectares (Rhizophora-dominant stand)
Initial TPH 8,000-15,000 mg/kg in root zone sediment
Application method Surface spray at low tide

Dosage 4 kg/m? (200 tonnes total)

Timing January-February 2016 (dry season)
Personnel 8 trained workers, 15-day deployment

90-Day Monitoring Results

Post-treatment monitoring conducted over 90 days reported the following observations under the
specific conditions of this pilot application:

TPH reduction: Measured decrease from 8,000-15,000 mg/kg to 1,200-2,800 mg/kg
(approximately 75-85% reduction)

Vegetation mortality: Estimated at 8% in treated areas during the monitoring period
Visual observations: Pneumatophore breathing pores appeared largely unobstructed by
30 days post-treatment

Water quality: Dissolved oxygen levels in tidal channels remained within observed
background ranges

Long-Term Follow-Up (2016-2024)

Extended monitoring conducted at intervals through 2024 documented progressive ecosystem
recovery:

2018 (2 years): Canopy recovery estimated at 92% in treated pilot area

2020 (4 years): Propagule recruitment and natural regeneration observed

2022 (6 years): Fish nursery indicators and shrimp larvae density within normal ranges for
the region

2024 (8 years): Carbon sequestration rate measured at approximately 3.2 tonnes
C/halyear, comparable to pre-impact regional estimates
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5. COMPARATIVE CONSIDERATIONS: RESPONSE
APPROACHES

Different oil spill response approaches offer distinct advantages and limitations depending on site
conditions, accessibility, regulatory framework, and available resources. The following
comparison presents documented characteristics across multiple criteria:

CRITERION CHEMICAL MECHANICAL EXOLINE
DISPERSANTS REMOVAL APPROACH
Physical disturbance Minimal direct physical High; equipment Low; surface
impact deployment, soll application or targeted
compaction injection
Toxicity considerations Variable; product- Low chemical; Assessed as low
dependent, nursery physical trauma risk under documented
habitat concerns conditions
Accessibility requirements  Aerial or boat Heavy equipment Portable equipment;
application feasible access required aerial or manual
deployment
Treatment mechanism QOil dispersion into Physical removal from In-situ biodegradation
water column site support
Waste generation Minimal solid waste Significant Low; primarily natural
contaminated material decomposition
requiring disposal products

Note: This comparison presents general characteristics based on documented applications. Selection of
an appropriate response approach depends on site-specific conditions, regulatory requirements, available
resources, and environmental priorities. No single approach is optimal for all scenarios.

6. IMPLEMENTATION GUIDE FOR PROTECTED AREAS

Deployment in protected ecosystems typically follows a systematic assessment and monitoring
framework:

Phase 1: Emergency Assessment (Hours 0-24)
« Spill notification and initial response activation
* Rapid ecological assessment: Ecosystem type, threatened species, seasonal
sensitivities
* Qil characterization: Type, estimated volume, trajectory
* Access evaluation and stakeholder notification

Phase 2: Treatment Planning (Hours 24-72)
* Zonation mapping: GPS delineation of priority treatment areas
» Dosage estimation based on observed oil extent and substrate type
* Method selection: Surface application vs. subsurface injection protocols
* Logistics coordination and permit acquisition

Phase 3: Pre-Treatment Baseline (Hours 72-96)
* Photographic documentation: Aerial and ground-level imagery
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* TPH baseline sampling: Sediment cores at representative locations
» Biological baseline: Vegetation health, fish presence, wildlife surveys as appropriate
* Water quality parameters: Dissolved oxygen, pH, salinity, temperature

Phase 4: Application (Days 3-10)
+ Personnel safety protocols and protective equipment
+ Tidal timing optimization for maximum effectiveness
+ Systematic area coverage with quality control verification
+ Daily documentation and progress reporting

Phase 5: Intensive Monitoring (Days 10-90)
Weekly TPH measurements at selected monitoring locations
* Vegetation health observations and mortality tracking
* Water quality monitoring at appropriate frequency
* Photographic progress documentation

Phase 6: Long-Term Monitoring (Months 3-24)
Quarterly TPH monitoring until target thresholds achieved
« Annual vegetation surveys: Canopy cover, species composition, regeneration
» Bi-annual fish and wildlife surveys where appropriate
» Assessment of ecosystem function restoration

Phase 7. Adaptive Management (Ongoing)
Quarterly data review with stakeholders
» Protocol refinement based on monitoring results
+ Knowledge transfer to local environmental agencies
« Documentation for future applications and case study development

7. IMPORTANT ASSUMPTIONS AND LIMITATIONS

This case study presents technical performance data and projected outcomes based on
laboratory testing, pilot projects, and real-world applications under controlled conditions.
While Exoline Oil Stop has demonstrated consistent performance across multiple projects,
actual field results may vary depending on site-specific factors.

Data Sources and Validation

+ Performance data presented is derived from documented pilot applications, field projects,
and laboratory studies conducted under specific environmental conditions.

» TPH reduction rates, mortality percentages, and recovery timelines reflect observations
from particular sites and oil types; these values should not be assumed to apply universally
without site-specific validation.

* Long-term monitoring data from Sundarbans represents one geographic location and
mangrove species assemblage; extrapolation to other ecosystems requires appropriate
qualification.

Site-Specific Factors That May Affect Performance

* Mangrove species composition: Different species vary in oil tolerance, recovery capacity,
and sensitivity to treatment interventions.
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Oil type and weathering state: Fresh light crude typically responds differently than
weathered heavy fuel oil; biodegradation rates vary accordingly.

Tidal regime: Spring/neap cycles, tidal range, and flushing frequency significantly affect
product delivery and oil mobility.

Sediment characteristics: Grain size, organic content, and redox conditions influence
microbial activity and oxygen distribution.

Season and climate: Temperature, rainfall patterns, and monsoon cycles affect microbial
metabolism and treatment effectiveness.

Pre-existing stressors: Pollution, overfishing, coastal development, or deforestation may
slow ecosystem recovery regardless of treatment approach.

Regulatory framework: Permit timelines, access restrictions, and monitoring requirements
vary by jurisdiction and may affect implementation.

Recommended Validation Approach

Before full-scale implementation, Exoline Ltd. recommends the following validation steps:

1.

2.

3.

Ecosystem characterization: Comprehensive vegetation mapping, sediment analysis, and
wildlife baseline assessment.

Bench-scale testing: Laboratory treatability study using actual site sediment and oil
samples to verify biodegradation rates.

Pilot test (strongly recommended): Small-scale field trial (500-2,000 m?) with intensive
monitoring to validate effectiveness under site conditions.

Ecotoxicity verification: If novel mangrove species are present or if local regulations
require it, conduct species-specific toxicity assessments.

Monitoring protocol development: Establish baseline parameters and tracking
methodology appropriate to the specific ecosystem.

Regulatory consultation: Confirm compliance with protected area management plans and
obtain necessary permits.

Stakeholder engagement: Obtain informed consent from indigenous communities,
conservation organizations, and local authorities.

Performance Disclaimers

Degradation rates: Reported TPH reduction percentages reflect specific pilot conditions;
actual biodegradation may be faster or slower depending on temperature, indigenous
microbial populations, and oil composition.

Mortality outcomes: Vegetation mortality percentages are site-specific and depend on oil
exposure duration, species tolerance, and pre-existing ecosystem health.

Recovery timelines: Ecosystem recovery projections are based on documented
observations but cannot account for unpredictable future disturbances or climate events.
Dosage requirements: Product consumption (kg/m?) varies with oil layer thickness,
substrate characteristics, and application method; field adjustments may be necessary.

Liability and Professional Advice

This case study is provided for informational purposes only and does not constitute professional
engineering, environmental, or legal advice. Exoline Ltd. makes no warranties, express or implied,
regarding the accuracy, completeness, or applicability of this information to specific ecosystems
or oil spill scenarios.

Users should engage qualified environmental consultants, ecologists, and regulatory experts
before implementing any oil spill response strategy in protected areas. Exoline Ltd. is not liable
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for decisions made based solely on this case study without proper site-specific evaluation, pilot
testing, and regulatory approval.

The Sundarbans case study represents a specific ecosystem, oil type, and treatment protocol.
Results should not be extrapolated to other ecosystems without appropriate validation. Each
mangrove forest, salt marsh, or wetland has unique characteristics that may affect treatment
effectiveness.

8. TECHNICAL DATA & CONTACT
Product Specifications

Parameter Specification

Appearance White to off-white powder

CaO, content 65-70%

Particle size (D50) 4 microns

BET surface area 26 m3/g

Typical pH (slurry) 11.5-125

Oxygen release capacity 0.2-0.3 g O,/g product
Typical Application Dosages (Mangrove Ecosystems)

Contamination Level Typical Dosage

Light surface oiling 1-2 kg/m?

Moderate contamination 3-4 kg/m?

Heavy oiling 4-5 kg/m?

Note: Dosage requirements depend on oil type, substrate characteristics, and application method. Field
adjustments may be necessary based on site conditions.

Regulatory Documentation
Exoline Oil Stop has been applied under documentation or assessment in the following
contexts:
» Bangladesh Forest Department (Sundarbans) — Documented application 2016-2017
» [UCN Mangrove Specialist Group — Recognized technology 2018
» Ramsar Convention Wetland Management — Compatible protocol under assessment

Jurisdictional approval status may vary. Users should verify local regulatory requirements before
deployment.
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CONTACT INFORMATION

Exoline Ltd.

Environmental Solutions for Sensitive Ecosystems

@ Website: www.exoline.co.uk
[e]1 Email: exoline@exoline.co.uk
@ LinkedIn: linkedin.com/in/ferenc-sari
& X (Twitter): @exoline_uk

Published: January 2025
© Exoline Ltd. All Rights Reserved.
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