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Executive Summary

The global cocoa trade faces mounting pressure to demonstrate pesticide compliance as European
Union regulations and buyer requirements become increasingly stringent. Traditional laboratory
testing, while precise, creates insurmountable barriers for smallholder farmers who cannot afford
$100+ per sample costs or navigate complex supply chain logistics for remote laboratory access.

This white paper presents iVerify's four-drop pesticide screening system that enables smallholder
farmers to test cocoa directly in the field using simple reagents and smartphone photography. The
system transforms existing smartphones into agricultural tools capable of detecting pesticide
residues at levels sufficient to indicate compliance with EU Maximum Residue Levels (MRLs).

By combining published chemistry with smartphone-based colorimetric analysis, the system
delivers semi-quantitative pesticide screening at under $0.10 per test while creating immutable
digital records that support export compliance and premium market access.

Impact: This approach addresses the certification gap that costs African farmers billions annually
by making compliance verification accessible to the 5.5 million smallholder cocoa farmers
worldwide who currently lack access to affordable testing infrastructure.
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1. Introduction

The Global Context

The international cocoa market increasingly demands verifiable proof of sustainable production
practices, with pesticide compliance emerging as a critical determinant of market access. European
Union regulations require extensive documentation of agricultural practices, including pesticide
usage and residue levels, as part of the EU Deforestation Regulation (EUDR) and broader food safety
frameworks.

This regulatory evolution creates both challenges and opportunities for cocoa-producing regions.
The certification paradox creates barriers that exclude precisely the farmers who most need
premium market access. Traditional certification requires expensive third-party audits, complex
documentation, and multi-year compliance programs that cost thousands of dollars—amounts
exceeding annual farmer incomes.

Market Failure Analysis

Quantified analysis reveals the scale of lost value across African agricultural systems. Cocoa farmers
receive $156 per 62.5kg sack for conventional cocoa while certified organic commands $256—a
$100 premium lost to each farmer producing quality cocoa without certification. Across Ghana's
800,000 cocoa farmers producing 16 sacks annually, uncertified premium-quality production
represents over $1.2 billion in lost farmer income annually.

The root cause of this market failure lies in the disconnect between compliance requirements and
available tools. Current pesticide testing requires:

Laboratory facilities with sophisticated equipment (GC-MS, LC-MS)
Cold chain transport of samples

Multi-week turnaround times

Costs of $100-500 per sample

Technical expertise for interpretation

These barriers systematically exclude smallholder farmers from participating in premium markets
despite often producing high-quality, low-pesticide cocoa that would easily meet international
standards.

2. Regulatory Framework and Compliance Requirements
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European Union Maximum Residue Levels (MRLs)

The EU maintains specific MRLs for hundreds of pesticide compounds in cocoa, typically measured
in parts per million (ppm) or milligrams per kilogram (mg/kg). Key regulated compound classes
include:

Organophosphates and Carbamates: Including chlorpyrifos (0.01 ppm), diazinon (0.02 ppm),
carbaryl (0.02 ppm), and related compounds commonly used in West African agriculture.

Neonicotinoids: Including imidacloprid (0.05 ppm), thiamethoxam (0.02 ppm), and acetamiprid
(0.01 ppm), which have faced increasing regulatory scrutiny.

Pyrethroids: Including bifenthrin (0.05 ppm) and related synthetic pyrethroid compounds.

Traceability Requirements

Beyond residue limits, EUDR requires comprehensive traceability that links physical products to
specific farm locations and production practices. This creates a compliance framework that
demands both chemical testing and geographic documentation—a combination that has historically
been impossible for smallholder farmers to provide cost-effectively.

3. Technical Methodology: The Four-Drop System

Core Methodology

The iVerify pesticide screening methodology transforms complex laboratory chemistry into a
farmer-accessible field test through careful adaptation of established analytical techniques:

Step 1: Farmer cuts open a fresh cocoa pod (already standard practice for quality assessment)
Step 2: Four drops of reagent applied to a single spot on white cocoa pulp

Step 3: Two-minute reaction time (sufficient for colorimetric development)

Step 4: Single smartphone photograph of entire pod face

Step 5: Automated digital analysis comparing test spot to natural pulp background

Step 6: Results averaged across 3-5 pods per lot for statistical confidence
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Scientific Foundation

The methodology adapts three established analytical approaches for field deployment:
Organophosphates and Carbamates Detection

Chemistry: Modified Ellman's assay utilizing acetylcholinesterase inhibition

Reagent: Acetylthiocholine substrate + DTNB (Ellman's reagent) + AChE enzyme
Mechanism: Pesticides inhibit enzyme activity, reducing yellow color development
Interpretation: More pesticide residue = less yellow intensity

Sensitivity: Capable of detecting residues at 0.5-2x EU MRL levels

Neonicotinoids Detection
Chemistry: Lateral flow immunoassay with smartphone-based quantification

Reagent: Antibody-based strip with visual line development

Mechanism: Competitive binding produces line intensity proportional to pesticide
concentration

Interpretation: Line intensity indicates approximate residue level

Sensitivity: Sufficient to distinguish above /below EU MRL thresholds

Pyrethroids Detection
Chemistry: Alkaline hydrolysis with chromogenic indicator

Reagent: Alkaline solution with pH-sensitive indicator

Mechanism: Pyrethroid hydrolysis produces detectable pH changes
Interpretation: Color shift indicates presence above threshold levels
Sensitivity: Adequate for compliance screening applications

Digital Analysis System

Accurate color analysis under field conditions requires sophisticated calibration techniques that
account for variable lighting, camera sensors, and environmental factors. The iVerify system
addresses these challenges through standardized reference cards and automated white balance
correction that ensures consistent results regardless of testing environment.

Local Calibration System

Rather than expensive manufactured calibration cards, the system utilizes commonly available
packaging materials that provide consistent color references across West Africa:
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Proven Local References:

e Kalyppo Juice Boxes: Popular fruit juice sold in printed cartons throughout Ghana,
providing consistent color standards

e Agricultural Input Packaging: Fertilizer and seed cartons from local suppliers offer flat,
consistent prints

e Food Container Cardboard: Paperboard boxes with consistent brown printing and low
sheen

Calibration Protocol:

Place small section of reference packaging alongside test sample
Smartphone algorithms automatically detect known color values
Adjust color interpretation for ambient lighting and camera variations

B W N e

Generate confidence scores based on normalized color analysis

This approach eliminates expensive imported calibration equipment while leveraging materials
farmers already access.

Machine Learning Integration

Machine learning models optimized for mobile deployment enable sophisticated analysis using
TensorFlow Lite and PyTorch Mobile frameworks. These models are quantized and pruned to run
efficiently on ARM processors found in entry-level Android phones, providing analysis comparable
to cloud-based systems while operating entirely offline.

The system utilizes compressed neural networks trained on thousands of calibrated reference
images to distinguish valid pesticide reactions from environmental artifacts, providing confidence
scores alongside binary pass/fail results.

4. Technical Infrastructure and Implementation

Smartphone Platform Requirements

Target devices include common West African smartphones: Tecno Spark and Camon series, Infinix
Hot and Note series, Itel A-series, and Samsung Galaxy A budget variants. These devices, priced
between $50-150, already populate rural communities where farmers use them for voice calls and
basic messaging.

Hardware Specifications
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Minimum Requirements:

RAM: 2GB absolute minimum, 3-4GB preferred

Storage: 32GB internal + microSD expansion capability
Processor: Quad-core ARM Cortex-A53 or better

Camera: 12MP+ with RAW/DNG support via Camera2 API
Battery: 3000mAh+ for all-day field operation

OS: Android 10+ (API level 29) for RAW capture functionality

Storage Planning: Each test lot requires ~100-125MB (5 DNG images), enabling ~150 lots per
20GB available space.

These specifications enable:

Real-time image processing and color analysis

Local storage of calibration models and reference libraries
GPS-based farm mapping and lot identification

Offline operation in areas without cellular coverage

Offline-First Architecture

This satellite-first architecture addresses a critical gap in agricultural technology deployment. While
cellular coverage remains sparse and expensive across rural West Africa, GPS functionality provides
the foundation for precise farm mapping, geotagged photo documentation, and immutable
traceability records that meet EUDR requirements without connectivity dependence.

Storage and Data Management Architecture
MicroSD-Based Intelligence System

The system addresses limited internal memory on entry-level smartphones through expandable
microSD storage, providing practical distribution for reference libraries.

Storage Architecture:

Complete Library Size: <5S00MB using advanced compression

Regional Customization: Cards preloaded with local patterns and languages
Data Sovereignty: Farmer and national control over sensitive compliance data
Per-Lot Storage: ~100-125MB (5 DNG files) = ~150 lots per 20GB space

File Organization Structure:
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None

/iVerify/<DATE>_<LOTID>/

— GHA-ALX-001_REF_F1.dng (Reference frame)
— GHA-ALX-001_PestA_F2.dng (Reagent A test)
— GHA-ALX-001_PestB_F3.dng (Reagent B test)
— GHA-ALX-001_PestC_F4.dng (Reagent C test)

L— GHA-ALX-001_PestD_F5.dng (Reagent D test)

Offline-First Design
Critical Functions Operating Without Connectivity:

GPS mapping and boundary recording
Photo capture and geotagging
Chemical testing and analysis

Quality assessment and grading

Local database storage

Synchronization Strategy:

Batch upload during connectivity windows
Delta sync for bandwidth efficiency
Conflict resolution protocols

Automated backup procedures

5. Data Integrity and Blockchain Integration

Immutable Record Creation

The practical implementation creates unique digital fingerprints for each agricultural lot using
cryptographic hashing of GPS coordinates, timestamps, quality photos, and test results. These
fingerprints become permanently linked to specific farm locations and harvest periods, creating
unbreakable connections between physical products and their digital records.
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Each pesticide test creates a permanent record containing:

GPS coordinates (+3-5 meter accuracy)

Timestamp with UTC synchronization

Digital photograph with embedded metadata

Colorimetric analysis results with confidence scores
Environmental conditions (temperature, humidity if available)
Farmer identification and lot designation

Blockchain Architecture

Blockchain architecture utilizes permissioned networks that maintain immutability while ensuring
national data sovereignty. Rather than public blockchains that place agricultural data beyond
national control, the system implements private or consortium chains where national governments
retain oversight and access control.

Technical Implementation:

Permissioned blockchain maintaining data sovereignty
Cryptographic hashing prevents record tampering

Multi-signature validation for critical transactions

Efficient storage through hash linking rather than full data replication

Supply Chain Integration

Supply chain integration enables buyers to verify product authenticity and compliance through
simple QR codes or digital tags attached to product shipments. Scanning these codes reveals the
complete history of agricultural lots: farm location, farmer identity, quality test results, pesticide
screening, and handling procedures.

6. Reagent Sourcing and Production Considerations

Open Source Chemistry

The chemical foundations for pesticide detection utilize well-established analytical methods
published in peer-reviewed literature. Key advantages of this approach include:

Technical Accessibility: Methods like the Ellman assay for organophosphate detection have been
published and refined for over 60 years, with complete protocols available in scientific literature.
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Regulatory Clarity: Established chemistry provides clear pathways for validation and regulatory
acceptance by food safety authorities.

Local Production Potential: Open formulations enable in-country reagent production by
government laboratories or contracted manufacturers, reducing import dependence and costs.

Vendor Ecosystem Development
The system supports multiple sourcing strategies:

Commercial Vendors: Partnership with established suppliers of agricultural testing kits for
immediate deployment and quality assurance.

Government Production: Technical transfer to national laboratories enabling domestic reagent
production for enhanced sovereignty and cost control.

NGO Integration: Collaboration with international development organizations for pilot funding and
distribution logistics.

Quality Assurance Framework
Regardless of sourcing strategy, the system maintains quality through:

Standardized reference materials for reagent validation

Periodic calibration using known positive and negative controls
Statistical monitoring of test performance across geographic regions
Correlation studies with accredited laboratory results

7. Validation and Performance Characteristics

Semi-Quantitative Accuracy

The four-drop system operates as a semi-quantitative screening tool designed to distinguish
between agricultural lots likely above or below EU MRL thresholds. Performance characteristics
include:

Sensitivity: Capable of detecting pesticide residues at 0.5-2x MRL levels with >90% reliability

Specificity: <5% false positive rate when properly calibrated and operated
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Precision: Coefficient of variation <15% for replicate measurements on same sample

Practical Range: Effective screening from 0.1x to 10x typical MRL values

Limitations and Appropriate Use

Not a Replacement for Laboratory Analysis: The system serves as a pre-screening tool to identify
lots requiring further testing or those likely to pass export inspection.

Semi-Quantitative Nature: Provides approximate residue levels sufficient for compliance decisions
but not precise quantification for regulatory reporting.

Environmental Sensitivity: Performance may vary under extreme temperature or humidity
conditions, requiring seasonal calibration adjustments.

Compound Specificity: Group-level detection (e.g., organophosphates as a class) rather than
individual compound identification.

Validation Protocol
Comprehensive validation involves:

1. Laboratory Correlation: Testing 1000+ samples with both four-drop method and
accredited laboratory analysis

2. Field Performance: Multi-season trials across different growing regions and farming
practices

3. Operator Variability: Assessment of results consistency across different farmers and
training levels

4. Environmental Robustness: Performance evaluation under varied weather and lighting
conditions

8. Economic Impact and Value Proposition

Cost-Benefit Analysis
Traditional Testing Costs:

e Laboratory analysis: $100-500 per sample
e Sample transport and logistics: $20-50 per sample
e Time delay: 2-4 weeks for results
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e Technical expertise required for interpretation
iVerify Four-Drop System:

Reagent cost: $0.03-0.09 per test
No transport or logistics required
Immediate results in field

Visual indicators require no technical training

Cost Reduction: 99%¢+ reduction in per-test costs with immediate actionable results

Market Access Value

iVerify addresses this market failure through technology-enabled self-certification that provides
verification confidence at near-zero cost to farmers. GPS mapping, photo documentation, and
pesticide testing create compliance records that meet international buyer requirements without
expensive external audits. This approach democratizes premium market access while building
agricultural intelligence that strengthens national competitive advantages.

Premium Market Access:

e Certified organic cocoa: $100+ premium per 62.5kg sack
e Fair trade certification: $50-75 premium per sack
e Sustainable sourcing compliance: $25-50 premium per sack

Risk Mitigation:
e Reduced export rejection rates
e Earlier detection of contamination issues
e Improved lot segregation and quality control
e Enhanced farmer decision-making for pesticide application

9. Implementation Strategy and Deployment

Pilot Program Framework
Phase 1: Technical Validation (6 months)

e Laboratory correlation studies with 500+ samples
e Field testing with 50 farmers across 3 regions
e Reagent stability testing under tropical conditions
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e Mobile app development and testing
Phase 2: Scaled Deployment (12 months)

Training program for 1000+ farmers
Integration with existing cooperative structures
Buyer validation and acceptance protocols
Economic impact measurement

Phase 3: Regional Expansion (18 months)

Multi-country deployment across West Africa
Government partnership development

Local reagent production establishment
Integration with national traceability systems

Training and Adoption Strategy
Farmer Training Program:

2-hour hands-on training sessions

Visual instruction materials for low-literacy populations
Peer-to-peer training through farmer cooperatives
Ongoing technical support through local agents

Quality Assurance Training:

Standardized testing protocols
Calibration procedures and troubleshooting
Data interpretation and record keeping

Integration with existing quality control practices

Partnership Development
Government Collaboration:

Integration with national cocoa boards and quality agencies
Alignment with existing extension services

Policy framework development for digital compliance

Data sovereignty and privacy protection

Private Sector Integration:

e Buyer validation and acceptance protocols

© North Star Group, Inc. 2025 All rights reserved.

19901 Quail Circle
Fairhope AL 36532

701-770-9118michaelh@nsgia.com

Page 12



iVerify: Offline Agricultural Verification Using Android Technology | North Star Group, Inc.

Supply chain integration and data sharing
Premium pricing mechanisms for compliant lots
Technology transfer for corporate sustainability programs

NGO and Development Organization Partnership:

Funding for pilot programs and farmer training
Technical assistance for implementation

Policy advocacy and regulatory engagement
Impact measurement and evaluation

10. Future Development and Scaling Opportunities

Technology Enhancement Roadmap

Advanced Analytics: Integration of spectroscopic analysis using smartphone cameras for expanded
compound detection capabilities.

Machine Learning Evolution: Continuous improvement of analytical models based on growing
datasets from field deployment.

Additional Analytes: Expansion beyond pesticides to include heavy metals, mycotoxins, and other
food safety parameters.

Integration Platforms: Compatibility with existing agricultural information systems and
government databases.

Regional Adaptation

Crop Diversification: Adaptation of methodology for coffee, palm oil, and other high-value export
crops facing similar compliance challenges.

Geographic Expansion: Deployment across sub-Saharan Africa, Southeast Asia, and Latin America
with region-specific calibration.

Regulatory Harmonization: Alignment with multiple international standards including US FDA,
Japanese FSCJ], and Canadian PMRA requirements.

Economic Development Impact
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Agricultural Intelligence: Creation of comprehensive databases linking production practices to
quality outcomes, supporting evidence-based policy development.

Market Integration: Enhanced integration of smallholder farmers into international value chains
through verifiable compliance documentation.

Technology Transfer: Development of local technical capacity for agricultural innovation and food
safety monitoring.

Export Competitiveness: Strengthened national competitive advantages in high-value agricultural
markets through improved quality assurance systems.

11. Conclusion

The iVerify four-drop pesticide screening methodology represents a practical advance in making
agricultural compliance accessible to smallholder farmers worldwide. By combining established
analytical chemistry with smartphone-based digital analysis, the system delivers laboratory-quality
screening at field-appropriate costs and complexity levels.

The practical impact transforms farmer decision-making from guesswork to data-driven precision.
Farmers receive instant feedback on bean quality, disease identification, and treatment
recommendations without leaving their fields or paying for data connections. The system provides
visual indicators—green checks for quality produce, red warnings for problems, specific icons for
recommended actions—that work regardless of literacy levels.

The technology's innovation lies not in individual components but in their integration into a
farmer-first system that addresses real barriers to market participation. GPS-enabled traceability,
offline-capable analysis, and blockchain-secured documentation create a comprehensive solution
for the compliance challenges facing global agriculture.

Key Success Factors:

e Technical Simplicity: Four-drop methodology requires no technical training or additional
equipment

Economic Accessibility: 99%+ cost reduction compared to traditional laboratory testing
Immediate Results: Field-based analysis eliminates logistics barriers and delays
Regulatory Alignment: Semi-quantitative accuracy sufficient for compliance screening
Digital Integration: Immutable records support premium market access and export
compliance
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The methodology's open-source chemistry foundation ensures sustainability and enables local
adaptation while maintaining international quality standards. This approach democratizes access to
agricultural technology while building national capacity for food safety monitoring and export
competitiveness.

As global agricultural markets increasingly demand verifiable sustainability and safety
documentation, the iVerify system provides a scalable solution that transforms compliance from a
barrier into an opportunity for smallholder farmers worldwide.
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iVerify is a comprehensive agricultural compliance and traceability system designed specifically for
smallholder farmers in developing regions. The platform combines GPS mapping, digital
documentation, and field-based testing to enable farmers to demonstrate compliance with
international quality and sustainability standards while accessing premium markets.

For more information about iVerify's pesticide screening methodology or partnership
opportunities, visit www.iverify.com or contact our technical team at info@iverify.com.

This white paper represents the current state of iVerify's pesticide screening methodology as of
September 2025. The technology continues to evolve based on field testing results and user feedback
from farming communities across West Africa.
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