
Research Goal
Enable accurate, real-time airborne 

pollen detection

Concentration Relationship
Trendline fitting reveals an exponential relationship between pollen 
concentration and resistivity change. Three fits (R² ≈ 1) were combined to 
obtain:
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Pollen allergies have become an increasingly 
serious global public health issue. In every four 
people, one is allergic to pollen1.
They experience symptoms from allergic rhinitis 
to life-threatening anaphylactic shocks,  and 
heavily depend on up-to-date pollen counts in 
their area.

Pollen Allergy: A Global Public Health Issue

However, traditional pollen 
detection methods are:
• Too Slow (count up to ~4 

hrs)→daily pollen count 
rely on data from the 
previous day.

• Not Precise (detects 
pollen grains instead of 
proteins)→vulnerable to 
Thunderstorm Asthma2, 
where pollen proteins 
surges while the grain 
vanished.

Current Pollen Allergen Detecting Methods

 Detection Principles

Graphene Properties and Doping 

 Graphene Four-Wire Sensing

 Graphene Chemical Modification5: PBASE Linker, IgG Antibody and Pollen Allergen
• Sensing interface construction ：
 Graphene–PBASE–IgG functional structure for antigen capture

• PBASE linker (C₂₄H₁₉NO₄):
 Pyrene group → π–π stacking with graphene
 NHS ester group → covalent binding to IgG antibodies3
 
• Antibody functionalization: 

IgG antibodies introduced in PBS solution 
Ragweed, Birch IgG (1:5, 1:10, 1:15 dilution) immobilized on graphene 

Due to graphene’s low intrinsic 
resistance, contact resistance between 
the electrodes and graphene can 
exceed the graphene resistance itself.

Therefore, Four-wire electrodes were 
used to minimize contact resistance 
and achieve lower Limit of Detection.

Graphene Characterization After Modification

 Graphene ： Optical microscopy showed purple graphene sheets (Fig.8.A), indicating thin layers on the SiO₂ 

substrate. Raman spectroscopy revealed a G′ peak intensity greater than the G peak (Fig.8.B), confirming excellent 

quality.

 PBASE Modification: AFM imaging showed dense nanoscale protrusions (0.5–3 nm) on the graphene surface after 

PBASE treatment, confirming successful linker modification (Fig.8.C).

 IgG antibody Modification: Optical microscopy and AFM revealed antibody aggregates on graphene (Fig.8.E), 

confirming successful immobilization of IgG antibodies. Excessive aggregation in some regions suggested the initial 

IgG concentration was too high.

 Pollen allergen Modification: AFM images showed spherical particles (2–4 nm height, 8–12 nm diameter) consistent 

with pollen proteins (Figure.8.G), confirming successful immobilization of the birch pollen allergen Bet v 1.Resistance Measurements

Significance t-test

Resistivity Calculation

Item Variable 1 Variable 2
Mean 11.55092 4.007393

Variance 0.967988 0.404124
Observations 3 3

Pearson Correlation 0.92449
Hypothesized Mean Difference 0

Degrees of Freedom (df) 2
t Stat 28.13471

P(T ≤ t) one-tail 0.00063
One-tail Critical t 2.919986
P(T ≤ t) two-tail 0.001261

Two-tail Critical t 4.302653

Electrochemical Verification

Sensitivity

limit of detection (LOD):  (graphene sensor ~38.6 μg/mL ) 
Detects Δρ down to 2.16 × 10 ⁶ ⁻ Ω·m (1:15 dilution) 
Below typical immunization dose (150 μg protein)

Specific vs non-specific response: 2.6× higher signal
→ confirms target-specific detection (signal-to-noise ratio)

Specificity

Implications of Exponential Relationship
Exponential relationship (R²>0.98) between pollen 
concentration and resistivity: 

Indicates signal is governed by specific antigen–antibody binding
Consistent with binding-site saturation behavior.
Helps achieve quantitative detection over extremely wide 

concentration range.

Limitations and Future Outlooks
 Mechanically exfoliated and CVD-grown graphene showed variability in 

electrical conductivity, limiting sensor consistency. 

 The graphene sensors were only tested with three common allergens in 
Beijing(Ragweed Amb A1, Birch Bet v1, Cypress Cup a 1). Future work 
should expand detection to additional allergen species.  

 Broad diagnostic potential: The same sensor could perform 
human allergy detection by detecting human IgG using antigen-
functionalized graphene, providing a safer alternative for the risky 
Skin Prick Test.

 Portable system integration: The graphene biosensor was combined 
with environmental sensors & ESP32 & AD5940 chip, achieving rapid 
~10-minute testing workflow. It was also integrated with other 
environmental sensors(e.g.humidity sensor) to calculate the overall 
allergy risk.

 The station now provides daily health advisories to 1,800 students 
teaching staff at Beijing No.80 High School and has increased 
students’ attendance rate during allergy season by 60%.
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Mechanism of Pollen Allergy

Figure 3. (A) Human Allergy Process, image created by finalist. (B) Structure of the Immunoglobulin G (IgG) Antibody, by Beta LifeScience, 2025.

Pollen protein binding increases 
graphene resistance through physical 
blocking (carrier scattering) and charge 
transfer. Since pollen proteins are 
typically positively charged near neutral 
pH (~7.0), the observed resistivity 
change is mainly attributed to specific 
antigen–antibody interactions rather 
than non-specific adsorption.

y = 0.594e-239.3x

• Too Costly (AI-based pollen image 
recognition microscope cost ~$ 23k per 
device)

Figure 4. Atomic-Resolution Scanning Tunneling 
Microscopy (STM) Image of Graphite. From Atomic-
Resolution Images of Graphite, by Hannes C.Nano & 
Biomaterials Lab, 2009.

Two-dimensional structure & Large 
surface area & High carrier mobility

High electrical conductivity, enabling ultra-
sensitive detection of biomolecular binding 
and gas adsorption

Detects subtle surface interactions (e.g., 
antigen binding, doping)

Figure 1. (A) Worldwide Map of Pollen 
Monitoring Stations. Note: Data indicates a high 
density of Hirst/manual detection methods in 
China.
From Worldwide Map of Pollen Monitoring Stations, 
by Jose Oteros/ZAUM, 2026. 
(B) Thunderstorm Asthma. Airborne pollen 
concentration surges due to moisture and electrical 
charges, leading to the rupture of pollen grains. 
Graphic created on April 10, 2026, using Google 
Gemini 3.
(C) Finalist’s Allergy Symptoms. Graphic created 
on April 10, 2026, using Google Gemini 3
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Figure 2. (A) Manual Pollen Sampling, photo taken by Finalist at Beijing Shijitan Hospital. 
(B) Counting and Recognizing Pollen Grains under Microscope, Photo taken by finalist, Beijing 
Changping District Meteorological Bureau, 2025.9 
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Human Allergy & IgG Recognition
• Allergic response:

Triggered when allergens (e.g., pollen proteins) are recognized by the 
immune system.

Primarily mediated by IgE antibodies, which leads to inflammatory 
reactions.

• IgG antibody:
 Fab region binds specifically to antigen epitopes → High specificity 

of antigen–antibody binding. 
 This enables the sensor to selectively recognize and differentiate 

pollen proteins from impurities, which is the fundamental principle of 
this study.

Doping Mechanism
 Impurities land on graphene surface → Electron withdrawal → 

increases hole carrier density (p-type) 
 Leads to a measurable increase in electrical resistance and a 

shift in Dirac Point.

Figure 5. Energy band structure and Dirac point of intrinsic 
and doped graphene. Graphic created by Finalist using Microsoft 
PowerPoint.

 IgG functionalization & antigen binding induce p-type4 doping in 
graphene, shifting the Fermi level downward and the Dirac point 
rightward. 
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Figure 6.: (A) Graphene four-wire electrode design, created by 
finalist through ultrasonic wiring 

Figure 6. (B) Digital source meter used for resistance sensing. 
Image taken by Finalist.

Figure 6. (C) 
Four-wire 
(Kelvin) sensing 
circuit 
schematic. 
Diagram created 
by Finalist.
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Figure 8. 
(A) Characterization of mechanically exfoliated 

graphene on Optical Microscopy image showing 
graphene flakes. 

(B) Graphene Raman spectrum with labeled 
characteristic G and 2D peaks. Images and data 
collected by Finalist using Optical Microscope and 
Raman Spectrometer.

(C) AFM height image of PBASE-modified graphene. 
(D) Line-scan height profile of sample. Images taken 

by the finalist using AFM
(E) Birch Pollen 3B4 anti-Bet v1 antibody 

aggregates on graphene, 
(F) Y-shaped IgG antibody inactive residue. Images 

taken by the finalist using optical microscope. 
(G) Bet V1 pollen protein above antibodies,
(H) Forming transparent protein clusters and 

spheres. image taken by the finalist using AFM.

Table 1: T-test (Paired Two-Sample for Means) evaluating sensor selectivity. This analysis verifies sensor’s ability to 
statistically distinguish between different pollen types. Data analysis performed by Finalist using Microsoft Excel
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Experimental Design 
• Group 1 (Selectivity Test)

Antibody-functionalized graphene exposed to: Specific vs non-specific pollen proteins. 
Measure resistance change (ΔR) before/after binding.

• Group 2 (Quantification Test)
Sensor exposed to varying concentrations (1:5, 1:10, 1:15) of target pollen proteins.
Measure ΔR vs concentration relationship.

At α = 0.05, a one-tailed t-test shows post-doping 
resistivity change is significantly greater than pre-doping, 
confirming the doping effect.

Figure9.: Correlation between pollen allergen protein concentration and graphene resistivity. The data demonstrates a significant exponential relationship, R^2=0.98.
Mathematical modeling and data plotting created by Finalist using Excel

Specificity
Low background signal 
PBS (blank): no redox peaks, Q ≈ 0
Selective detection 
Bet v 1 (target): strong redox peaks, Q 

~ 10 ⁴ C ⁻
Amb a 1 (non-specific): weaker peaks, 

Q ~ 10 ⁵ C⁻

 
Quantitative Analysis

 Peak area increases rapidly in early cycles 
(~118% from cycle 1→3) 

 Stabilizes after ~7–9 cycles (~6 min) 
(<13% change between later cycles)

 10 min chosen as standard sensing time 

Binding Kinetics & Stability 
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Figure 10. (A) CV curves for selectivity 
verification. Comparison of baseline PBS vs. 
varying dilutions (1:10 and 1:5) of Bet v1 
allergen solution to verify sensor recognition. 
Data collected and analyzed by Finalist using 
CHI760E Workstation.

(B1) (left image) CV curves for pollen concentration quantification. Sequential testing of PBS, 
1:10, and 1:5 Bet v1. Data collected and analyzed by Finalist. (B2) Calibration curve of peak areas 
as a function of Bet v1 pollen concentration. Statistical modeling and plotting created by Finalist.
(C1) Analysis of positive potential peak area stability over sequential cycles for sample 
S1_3B4. (C2) : Analysis of positive potential peak area stability over sequential cycles for 
sample S1_3B4. Data collected and analyzed by Finalist.
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Step Interaction

Pyrene ↔ Graphene π–π stacking

NHS ester ↔ IgG Covalent amide bond

Figure 7. (A) Chemical structure of 1-
Pyrenebutyric acid NHS ester (PBASE). Graphic 
created on April 7, 2026, using ChatGPT-5 by OpenAI. 
(B) Graphene-PBASE-IgG-antigen sensing 
interface. Graphic created by Finalist using 
Microsoft PowerPoint.

Forms a selective sensing 
interface for pollen antigen binding 
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Cost

Graphene sensor (<$70 per device) VS ML-based pollen 
image recognition microscope  (>$160k) VS 
electrochemical workstations (>$4k)

Timing

Reaction stabilizes at ~200 s, which shows binding kinetics 
and optimal time window
 10 min chosen as standard sensing time 

Engineering Adaptation

Figure.11: Scanning Electron Microscopy (SEM) analysis of pollen morphology. (A) Intact Sorbaria sorbifolia pollen grain and (B) ruptured Ragweed (Ambrosia) 
pollen grains showing internal cytoplasmic debris. Images captured by Finalist using SEM.

BA

Figure 12: The "Column of 
Trajan" Integrated Pollen Risk 
Sensor. Installed at school for 
real-time environmental 
monitoring. Photo taken by 
Finalist.
(A) System Circuits
(B) Pollen Station with rain shield.
(C) free-standing complete pollen 
station, installed at Beijing No.80 
High School by finalist.
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This study’s chemically modified 
graphene biosensors achieve 

selective, quantitative detection of 
airborne allergen proteins.

A

https://doi.org/10.1289/ehp.124-A70
https://doi.org/10.1016/j.scitotenv.2024.171575
https://doi.org/10.1016/j.scitotenv.2024.171575
https://doi.org/10.1016/j.scitotenv.2024.171575
https://doi.org/10.1016/j.scitotenv.2024.171575
https://oteros.shinyapps.io/pollen_map/

	Slide 1

