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ABSTRACT

Introduction: Mineral oil, a key component of metalworking fluids, is a complex mixture that generates
aerosols during industrial processes, posing significant respiratory health risks such as laryngeal cancer,
asthma, and lung cancer. The NIOSH 5026 method uses Fourier Transform Infrared Spectroscopy (FTIR)
to assess exposure to mineral oils. However, the diverse and complex compositions of mineral oils cause
significant spectral interferences. Partial Least Squares (PLS) and Artificial Neural Networks (ANN) are
advanced modeling methods used to address these interferences without manual intervention. This study
aimed to predict mineral oil concentrations in an automotive industry using FTIR and modeling methods.

Material and Methods: FTIR spectral data (1500-4000 cm™") were recorded across 701 wave numbers
and analyzed using PLS and ANN models. Input (matrix X) consisted of FTIR data, while output (matrix Y)
represented mineral oil concentrations. Model performance was evaluated using Root Mean Square Error
(RMSEp).

Results: The ANN model significantly outperformed the PLS model. The overall RMSEp for ANN was
0.0036, compared to 5.01 for PLS. ANN achieved a regression of 0.997 in the test set, with an average
error percentage of 3.01%, while PLS yielded an error of 4.792. ANN modeling used 15% of data for
validation and required fewer than 11 hidden layers to achieve optimal performance.

Conclusion: ANN modeling effectively predicted mineral oil concentrations despite spectral interferences,
outperforming PLS in accuracy and error reduction. Both methods are viable for evaluating mineral oil
exposure, but ANN offers superior predictive capabilities.

Keywords: Mineral oil, NIOSH 5026 method, Artificial neural network, Partial least square regression,
Anticipation
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1. INTRODUCTION

Mineral oil, a critical component of
metalworking fluids, plays a significant role
in reducing wear and heat during industrial
operations. However, these oils, when subjected
to high temperatures, aeration, and rapid surface
contact, produce aerosols that pose severe health
risks, such as laryngeal cancer, asthma, and lung
cancer. Fourier Transform Infrared Spectroscopy
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(FTIR), as described in the NIOSH 5026 method,
has been widely employed for assessing exposure
to mineral oils. However, the diverse and complex
chemical compositions of mineral oils often result
in extensive spectral interferences, complicating
accurate analysis.

To address these challenges, advanced
multivariate modeling methods, including Partial
Least Squares (PLS) regression and Artificial
Neural Networks (ANN), have been developed.
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This study aimed to evaluate and compare the
predictive capabilities of these two modeling
methods in determining the concentration of
mineral oil aerosols, using FTIR spectra in the
automotive industry.

2. MATERIAL AND METHODS

The study utilized FTIR spectral data from the
range of 1500-4000 cm ™}, recorded across 701 wave
numbers. Standard solutions with concentrations of
5,10, 50, 100, 200, and 250 ppm were prepared using
mineral oil dissolved in carbon tetrachloride. Each
concentration was analyzed five times, creating a
matrix of FTIR spectral data as input (matrix X) and
mineral oil concentrations as output (matrix Y).
For ANN modeling, data were split into training
(70%), validation (15%), and test (15%) sets, and
the Levenberg-Marquardt algorithm was used for
optimization. The model’s architecture included
multiple hidden layers, with adjustments to achieve
the best performance. For PLS modeling, the same
dataset was used, focusing on reducing spectral
interferences and enhancing linear relationships
between input and output data. Performance
metrics, including Root Mean Square Error
(RMSE) and relative error percentages, were used
to compare the models.

3. RESULTS AND DISCUSSION

The ANN model outperformed the PLS model
in all evaluated parameters. The overall RMSE
for ANN was 0.0036, significantly lower than the
PLS model’s RMSE of 5.01. Regression coeflicients
for the ANN model in training, validation, and
test sets were 1, 0.935, and 0.997, respectively. In
contrast, the PLS model demonstrated a regression
coeflicient of 0.9188.
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The ANN model achieved a maximum relative
error of 0.074%, whereas the PLS model exhibited a
maximum relative error of 7.71%. This substantial
difference highlights the ANN model’s superior
ability to address nonlinear relationships and
minimize spectral interferences compared to the
linear nature of the PLS method.

These findings align with prior studies
emphasizing the robustness of ANN in handling
complex datasets, such as FTIR spectral data. ANN’s
ability to self-learn and optimize its structure based
on input data contributes to its enhanced predictive
accuracy. In practical applications, the ANN model
offers a reliable tool for determining occupational
exposure levels to mineral oils in industrial
environments.

4. CONCLUSIONS

This study demonstrated the efficacy of
ANN modeling in accurately predicting the
concentrations of mineral oil aerosols despite
the challenges posed by spectral interferences.
While both ANN and PLS showed acceptable
performance, ANN consistently outperformed
PLS in terms of precision and error reduction.
These findings suggest that ANN can serve as
a robust alternative to traditional methods for
evaluating occupational exposure to mineral oils.
Furthermore, its application can be extended to
other industries requiring accurate analysis of
complex chemical mixtures.
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7. Triethanol Amine

8. Diethanol Amine

9. Formaldehyde

10. Polyaromatic Hydrocarbons

11. Alkanol Amines

12. The American Conference of Governmental Industrial
Hygienists (ACGIH)

13. Occupational Safety and Health Administration (OSHA)
14. Health and Safety Executive (HSE)

15. The Japan Society for Occupational Health (JSOH)

11€00 ylgy /) o)ladds /14 s)a )5 (ie) § Cublagy asliling

ohEas g 5slaey asble

doddo =

b S 515 b o 5l Giline @l ojsd
Cordy g ddad gl olul der jo Cdins Jloo
Dy oo wgume yol ol 0 ape Jule Ll goladl
Sz Sl 59y 5 sobe gl pled l mlio
sobae a5 (V) aisS oo ool (goladl wl, yiuls8l
g dojls 5 labad bl 5] olsgs cols
a5 Wgdh oo ooliiuwl 5,558 jo sonnie slaai] s g
ool ol )5 Shles Ll et Sl S
e ) iy dalyl 4 ool lade & Sldee (ol (YL
Rl (sl (1) ol dianly 4385 25 9 (o o 9
doail 5 i o )5 g ol (2l (Bl gz a5 o]
G538 Slale 5l Slles bl s boan¥T 5 )3
Ol bl s se 45 395 oo ooliul (MWTFs)
19,5 (gak Al ) Al A & Ll

(Pl oso egians lages) A (i Sluls O

Ogedgal (Some Slacses)) Jelowe (5 Slule (V
(ol o e

Jolee SlaS 5 b oD it Shp Slube (¥
(O 9) (Gore sy, e

5 Jsl €5 @S35 Slale sliz! o 3 S
5 losezy bl o5 all gt gare slopsds) ey
& gio glanl 3 0 .(F) el B oliand olge
lod g gy &S b zohw b uled (olga Jo
b oledugil Oipe a4 béy, glacans (VYL
B e slgn 50 9 0y (9,5 V B0/ (sla las
5 lag o (sl o5 (5 55b 4 5 (A) disds e o]
sekee VY 05500 s "(NTOSH) (S el IS ]
185 % 5l Cn (2 ym0 40 I el oazmie VLI o Li5
() aws

1. Metal Working Fluids

2. Straight Cutting Fluids

3. Soluble Cutting Fluids

4. Synthetic Cutting Fluids

5. Mineral Oil

6. Mineral Oil | Institute for Occupational Safety and Health
(NIOSH)
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2. Artificial Neural Network (ANN)

1. Fourier Transform Infrared Spectrometer
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