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Handheld Raman spectrometers are increasingly used for rapid,
nondestructive chemical screening, yet their performance is 5 _ ] 1 ®
strongly influenced by laser sampling design. The Powell lens . B
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area to enhance spectral detail, whereas Orbital Raster Scan [z , _ 1=
(ORS) with rapid laser spin (RLS) sampling rotates the beam to |£ 3
simplify acquisition, potentially affecting resolution and sensitivity A -4
iIn complex matrices such as jet fuel. Detecting hydraulic fluid . A
contamination in jet fuels is operationally significant, making it
important to evaluate how these sampling strategies perform 6 —
across different fuel types and fluid chemistries. This study L
compares two handheld Raman spectrometers using line
illumination and RLS sampling to assess their ability to detect six
hydraulic fluids across five jet fuels under standardized | -8 -
acquisition conditions. Overall, these findings highlight the :
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Gé%%%n Large nerrogation Area Figure 2. Paragon jet fuel with 1% hydraulic fluid 87257C using line illumination sampling (bottom) and rapid Figure 3. Principle Component Analysis (PCA) plot comparing line illumination and rapid laser spin sampling
ey laser spin sampling (top)
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G |  Line lllumination spectra showed sharper and more intense Raman peaks, particularly in the 1350-1650 cm™ CONCLUSIONS
. © orbital Raster Scan (ORS) = aromatic/alkyl stretching region, compared to the RLS system. _ _ _
unitom i +  Uniform line illumination reduces localized hot spots and distributes laser power evenly across the sample, increasing :]-h's study demonstrates that laser sampling geometry strongly influences
~—, effective laser—sample interaction and improving signal consistency. andheld Raman performance for detecting hydraulic fluid contamination in

Figure 1. The Powell lens with line illumination sampling (left) is compared to

jet fuel. Line illumination produced sharper Raman features, preserved fuel-

Variability within each fuel group was consistently detectable, with small shifts in band shape and magnitude retained

Orbital Raster Scan with rapid laser spin sampling (right). across replicates specific spectral signatures, and exhibited greater variance in PCA,

| indicating increased sensitivity to subtle compositional differences. In

MATERIALS & METHODS Principle Component Analysis: contrast, rapid laser spin sampling showed reduced spectral variance and

+ PCA revealed clear separation between instruments analyzing the same Paragon jet fuel samples. tightly cIu_T_’Lered fP(d3A scclz.rersﬂ,_ ILT!(?]”? Iéts ab'“(tjy tto dlsc.rlrglr;ate ((:j(_)frfnpleﬁ

A UL . Line illumination produced wide score dispersion along PC1 and PC2, reflecting higher spectral variance and increased ~ Mixtures. These findings highlight that Raman data acquired from ditferen

Wasatch Photonics WP-785XSB-ILP Line lllumination analytical sensitivity handheld systems are not directly interchangeable without calibration and
Ocean Optics IDR Mini Rapid Laser Spi ' - - - - .

& « The two datasets formed non-overlapping clusters, demonstrating that the instruments’ spectral outputs are not unde.rg,c?ore tEe |mpor;tanqe off_sledlel;:tlngd S?m?“ng fesn_gni optlmlzed.for

o aroaon Reference Samoe o interchangeable without calibration. sensitivity when performing field-based fuel contamination screening.

Understanding these performance differences is critical for forensic,

g‘il”rtc’lf J‘TtﬁAF“e' ;O”“t’:A"F‘:Otrt o e REFERENCES aviation, and military applications where rapid and reliable fuel assessment
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(. ] bany iIs required. Future work will focus on evaluating detection limits and
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expanding mixture complexity to further assess field applicability.
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