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What are Al, ML, and DL?

« Al: Artificial Intelligence
ChatGPT

Artificial Intelligence (Al) refers to the simulation of human intelligence in
machines that are programmed to think and learn like humans. The goal
of Al is to develop systems that can perform tasks that typically require
human intelligence, such as visual perception, speech recognition, Artificial Inte”igence

decision-making, language translation, and problem-solving.

« ML: Machine Learning

Machine Learning

 DL: Deep Learning

Deep
Learning
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Analytical Instrument and Machine Learning Model
An Analogy

Instrument/
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The Evolution of Al/ML
A Century’s Journey

 1940s-70s:
Mark | Perceptron machine
Machine Learning by Arthur Samuel

MARK 1 | PERCEPTRON

-t

e 1980s:
Recurrent Neural Network

|

Reinforcement Learning

Backpropagation

« 2000s:
Support Vector Machine
Random Forest
 2010s-now:
Deep Learning

Generative Al

https://americanhistory.si.edu/collections/nmah_334414

August 8, 2024 DE48258297 4.3~ Agilent



The Evolution of Al/ML
A Century’s Journey

 1940s-70s:
Mark | Perceptron machine
Machine Learning by Arthur Samuel

 1980s:
Recurrent Neural Network
Reinforcement Learning

Backpropagation

« 2000s:
Support Vector Machine
Random Forest

e« 2010s-now:
Deep Learning
Generative Al

https://americanhistory.si.edu/collections/nmah_334414

G

August 8, 2024 DE48258297 333 Agilent



Deep Learning Applications and Architectures

« Computer vision

« Speech/audio recognition

« Natural language processing
* Drug discovery

« Protein structure prediction

LSBE(IFI{E\IIA\)I 22
GAN —&

ANN
Autoencoder

Prompt: A petri dish with a bamboo forest growing within it that
has tiny red pandas running around.
Sora | OpenAl
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https://openai.com/index/sora/

Al Peak Integration for MassHunter Quantitative Analysis
Optimizing your data analysis
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Case Study
Phthalates: Addressing Data Integration Challenges

« Esters of phthalic acid O

molecular-weight OR
phthalates OR’

« Used as plasticizers

SIM (m/z = 307) of diisodecyl phthalate (DIDP)

lected lon (307.0) PHT20230328-006.D + Selected lon (307.0) PHT2023( lected lon (307.0) PHT2023(
2] a 2 46 min.

* Integration
challenges: e.g., for
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Agilent Al Peak Integration
General Workflow for MassHunter Quantitative Analysis Software

Training Mode

Lq Diagnose

Al Peak Integration

Batch Manual
Processing Adjustment

User

Authentication Batch Setup

Save Results

* Log in to Agilent
Al Cloud
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Agilent Al Peak Integration
General Workflow for MassHunter Quantitative Analysis Software

Prediction Mode Agilent Al

Cloud
Lq Diagnose

Al Peak Integration

Manual
Adjustment

User
Authentication

Batch Setup Al Prediction

Save Results

* Log in to Agilent
Al Cloud 1. Process batch results in MassHunter

2. Al Peak Integration processing is applied to sample data

3. Results processing complete with Al Peak Integration

A 4

Al Peak Integration >

Al Integration done!
Total Peaks Integrated: 10

Total Peaks Zeroed: 8
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Can You Find the Differences Between the Five SIM Chromatograms?

Nr. 1 Nr. 2 Nr. 3 Nr. 4 Nr. 5

Counts

rrrrrrrrrrrrr1r1r711 &0 r1rrrrrorrrrrrerrrrrrrrorrrrrrrrrrrrrrrrrrrr rTrrrrr T T T T T T T T T T T T T T T T I T T
5 6 7 8 5 6 7 8 5 6 7 8 5 6 7 8 5 6 7 8

Acquisition Time (min)

SIM (m/z = 307) of diisodecyl phthalate (DIDP)
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Model Reproducibility
Reproducible ML Integration for the Same Sample Using the Same Model Version

Nr. 1 Nr. 2 Nr. 3 Nr. 4 Nr. 5

Counts

rrrrrrrrrrrrr1r1r711 &0 r1rrrrrorrrrrrerrrrrrrrorrrrrrrrrrrrrrrrrrrr rTrrrrr T T T T T T T T T T T T T T T T I T T
5 6 7 8 5 6 7 8 5 6 7 8 5 6 7 8 5 6 7 8

Acquisition Time (min)

SIM (m/z = 307) of diisodecyl phthalate (DIDP)
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Model Processing Speed
Performance comparison between ML model vs. manual integration
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Number of Samples (n=3)
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Model Processing Speed
Performance comparison between ML model vs. manual integration
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Model Accuracy
Stable accuracy across batches

100%

90%
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60%
50%
40%
30%
20%
10%
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1 2 3 £ 5 6 7 38 9 10 11 12 13 14 15 16 17 18

Batch number m Quantifier ion

Accuracy

Quantifier ions of each phthalate in over 550 samples
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Model Accuracy
Improvements on integration performance with Al/ML

Before Al/ML prediction

After AI/ML prediction
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Acquisition Time (min)

Diisononyl phthalate (DINP)
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Model Accuracy
At Different Concentrations

SIM (m/z = 293) of diisononyl phthalate (DINP)
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Acquisition Time (min)

0.1 ppm 0.2 ppm 0.3 ppm 0.4 ppm 0.5 ppm
é M%WW

1 ppm 2 ppm S ppm 10 ppm 20 ppm
J
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Model Accuracy
Correction of False Positive & Negative Peaks

Bis(2-ethylhexyl) phthalate Bis(2-ethylhexyl) phthalate I Dicyclohexyl phthalate
before prediction after prediction I
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Summary

« Demonstration of integrated Al solution into MassHunter Quantitative Analysis software

* Reproducible and reliable peak prediction

« Speed-up of the peak reviewing process by 4 to 5-fold

« Successful handling of traditional manual peak integrations in GC/MS phthalate analysis:
v Targeted ions (quantifier & qualifier ions)
v Across and beyond calibration range
v False positive & negative peaks
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Case Study: PFAS
Background

 PFAS: Per- and Polyfluoro Alkyl Substances

« Environmental and health issues

« Analytical techniques:
LC/TQ, LC/(IM)QToF, GC/MSD, GC/TQ, GC/QToF

« Sample preparation and consumables are critical
SEPA 5

Environmental Topics

Laws & Regulations About EPA Search EPA,

CompTox Chemicals Dashboard v2.3.0 Home  Search ~  Lists - About -~  Tools - Submit Comments Search all data

Chemical Lists ©

zm ©
Showing 426 Records

List Name L7 2 Chemicals 4T Updated LT List Description

List Acranym 4T

| ¥

| %I =l v

oo oo

S O S OO S GO A e )

.
PFAS Structure lists are versioned iteratively and this description navigates between the various versions of the structure lists. The list
I n O a f structures displayed below represents the Iatest iteration of structures (PFASSTRUCTVS - August 2022). For the versioned lists
~ _
~
~o -

e projecs e erer

“please use the hyperlinked lists below.

A separate list (PFASDEV) manages PFAS chemicals which do not have explicit chemical structures (i, polymers, mixtures and

~ -
categories). PFASSTRUCTVS - August 2022 This list

~
~
~

PFASSTRUCTV4 - August 2021

Navigation Panel to PFAS Structure Lists j

PFASSTRUCTV3 - August 2020
PFASSTRUCTVZ - November 2019

PFASSTRUCTV1 - March 2018
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Classification of PFAS

Examples of Number of peer-reviewed
Individual compounds* articles since 2002**
O PFBA (n=4) 928
© PFPeA (n=s) 498
O PFHxA (n=6) 1081
o PFHpA (n=7) 1184
O PFOA (n=8) 4066
O PFNA (n=g) 1496
o PFDA(n=10} 1407
o PFUNA (n=11) 1069
o PFDoA (n=12) 1016
O PFTrA (n=13) 424
o PFTeA (n=14) 587
o PFBS (n=4) 654
o PFHxS [n=6) 1081
o PFQS (n=8) 3507
o PFDS (n=1a) 340
© PFBPA (n=4) 3
o PFHxPA (n=6) 33
o PFOPA [n=8) 31
o PFDPA [n=10) 35
O C4/Cq PFPIA (n,m=4) 4
© C6/CH PFPiA (n,m=6) 12
© C8/C8 PFPIA (n,m=8) 12
o CH/C8 PFPIA (n=6,m=8) 8
© ADONA (CF,—0—C Fg—O—CHFCF,—CO0H) A
o GenX (C,F,~CF{CF,J—COOH) 2
O EEA [C,F,~0O—C,F,~0~CF_ ~COOH) 4
© F-53B (- C4F ,~O—C,F,—S0,H) 14
O MeFBSA [n=4,R=N{CH_JH) 25
© MeFOSA [n=8,R=N(CH,]H) 134
O EtFBSA (n=g R=N{C,H )H) 7
o EtFOSA (n=8R=N(C,HH) 259
© MeFBSE {n=4,R=N(CH5]CJH40H) 24
O MeFOSE (n=8R=N{CH,)C,H,OH) 116
o EtFBSE (n=4,R=N(C,HJC,H,0H) 4
o EtFOSE (n=8,R=N(C,HJC,H,0OH) 146
O SAMPAP {[C4F,,SO,N(C,H,)C,H, 0.~ PO_H} 8
© 100s of others
O 4:2 FTOH [n=4,R=0H) 106
O 6:2 FTOH (n=6,R=0H) 375
© 8:2 FTOH (n=8 R=0H}) 412
© 10:2 FTOH (n=10,R=0H) 165
0 12:2 FTOH (n=12,R=0H) 42
9 6:2 diPAP [(C4F,,C,H,C),—PO,H] 23
o 8:2 diPAP [(C4F -C,H,0),~PO;H] 25

o

100s of others

o

polytetrafluoroethylene (FTFE)
o polyvinylidene fluoride (FVDF)
o fluorinated ethylene propylene (FEF)
perflucroalkexyl polymer (PFA)

o

o perfluoropolyethers (PFPEs)

|
|
I Sub-classes of PFASs
|
|
|
PFCAs<
| (C,F = COOH)
|
|
| PFSAS -
(G —SO_H
| perfluoroalkyl acids o CoFani=SO5H)
| (PFAAS) PFPAS -
I (CHFZH+1_P03H2)
| PFPiAs -
I (CannH_POzH_cszmﬂ}
1 PFECAs & PFESAs
I {Cannn_O_cszmﬂ_R}
|
I prass PAEF;based
1CoFann—R) substances
neann (Cannﬂ_SOz_R)
1> over 3000
IPFASs may PFAA©
have been precursors
the global
|:Jnnarke€tg0 : fluorotelomer-based
substancesc
| (CannH_CzHa_R)
|
fluoropolymers o
| poly
otherso
|
|

Wang, Z et al. (2017). Environ. Sci. Technol. 51, 2508-2518
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Peak Integration Challenges for PFAS Analysis

Examples

.
5 VTS T S B
2 x103 2 10
i 2 6456 min 3 72 3
. S, >
3 68
2 65
28 625
26

« Baseline correction?
« Peak combination/splitting?
« False positive/negative peaks?

................
% L 6162 63 64 5§ & 4 da 18

. Background interferences* —

PFAS specific: | ‘
. Early eluting PFAS (bad peak shape) | - == sl
 Linear and branched PFAS (isomers) Qoseres

« Varying ratio of linear and branched PFAS

b
%
>

Interferent
Analyte

Internal
Standard

Peak Intensity

: . Bangma, J. et al. Anal Bioanal
! e 2 Chem 416, 17771785 (2024)

Retehtion'ﬁme(min)
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