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Introduction

Why do | need advanced analytics
for PFAS?

Locate multiple source areas

“Reference’ site
10 miles away

Site

Neighboring site

Onsite vs. neighboring site i% %

Varying onsite sources (i.e., multiple
generations of AFFF)

Distinguish sources from transport
patterns

Identify potential precursor
contributions

Define site-specific ambient levels

/
Up to 11 ppt (PFOA) and 14 ppt (PFOS) in ‘
precipitation alone! ’

Data-driven site partitioning for i%

Landfill
Leachate
Plume

Effluent
Plume

investigation / remediation

'Gewurtz et al. (2019)

Site wells w/
ambient levels




\\\I)

Battelle Chlorinated Conference 2024

W

Case Study

. Confidential airport site in Canada
(data modified to preserve
anonymity).

. Multiple onsite sources.
. Potential non-source fingerprints.

. Potential links between surface water
and groundwater.

. Potential for ambient levels.

. Radial groundwater flow away from
the site.

- pproxin:ately radial °
groundwater flow

V¥ Surface water sampling location -49- Groundwater sampling location
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A A A A
Ambient levels 1

2
Estimate ambient levels ¢

Gaussian Mixture Model (CMM)
clustering

[\]
L

Problem: site-specific ambient levels may
exceed regulatory criteria. Reference
locations may not adequately represent

Log10 Concentration (ug/L}
ro o

full range of site-specific levels.

Solution: GMM uses familiar statistical

: practices to extract low vs high
£ . . : s 1
3 concentrations reflective of ambient levels S
B 8 Cluster
E and impacts. 3 ] .1
2 3 o 2
() 0 o o (o
= Benefit: site-specific levels based on = - 3
£ . . 8 -1-
= comprehensive dataset, determine 5

feasible cleanup limits.
4 2

2 1 0 1 2
Theoretical quantiles
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2
[ ) [ )
Estimate ambient levels 3
v v v v
Gaussian Mixture Model (CMM)
C I u Ste ri n g Percentage detected Spatial distribution Box-and-whisker plot Classification plot

Cluster

. Check goodness-of-fit metrics

. Check spatial sensibility.

Nested physiography
Partitioned between geologic units Ny E%I o
Upgradient / downgradient | - Efe 3w

9 10

Mumber of companents

. Four clusters fit well and align
with spatial context.
Hot-spot locations

Downgradient transport/dilution

Battelle Chlorinated Conference 2024

Proximal and distal reference
areas

U1
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Ambient levels

Estimate ambient levels

Gaussian Mixture Model (CMM)
clustering

. Clear difference in concentration
levels between groups.

. Clusters 1 & 2 = potential point
impacts / sources.

. Cluster 3 = potential diffuse
impacts / transport-related
dilution.

. Cluster 4 = potential ambient
levels.

Percentage detected

Sample PFOS PFOS PFHxS
1 A A A A
2
3

A v v v

Spatial distribution

Box-and-whisker plot

Classification plot

42 FTS 62 FTS 82 FTS [ FOSA
2
4 -
0 ! * * L - .
PFES PFHDA PFHDS | PFHxA
=
= 2 . ; H
= 0 * H
© ]
o H ] . + Group
g:g-hLJ__L "'*.L.L _L-L_i__l_:'|' e i -
= PFHXS PFNA PFOA | PFOS C
© 2 * 1 L 1] . 3
=y ’ . i - | M
- :% . ] ; i H =
PFPeA PFP&S ' CE ! CE
2
3 2 s
1 * * : t i * i
-1 L ]
1 2 3 4 1 2 3 4
Show 25 «~ entries Search: | pfog
CLASS CHEMICAL_NAME Minimum Median Mean Maximum
1 PFOS 0.001 0.0095 0.0421 0.582
2 PFOS 0.001 0.0882 1.9000 39.600
a PFOS 0.001 0.0010 0.0114 0.187
4 PFOS 0.001 0.0032 0.0492 4870
CLASS | [cHEMICAL NAME | [minimum | [median | [mean | [maximum

Showing 1 to 4 of 4 entries (filtered from 56 total entries)

Previous n Next
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Fingerprinting

Un-mix signatures

Blind “Source” Separation

Problem: chemical signatures
difficult to resolve by traditional
graphical methods.

Solution: Matrix factorization
performs “blind source
separation” without prior
knowledge.

Benefit: data-driven fingerprints +

spatial distribution to assess onsite
/ offsite sources & fate-and-
transport patterns.

Input
Chemistry (X)

Columns = chemicals

samples

Rows

Sample PFOS PFOS PFHxS
1 < >
2 < >
3 < >
Fractions (A) Residuals (e)
3 . Columns = chemicals
9 »  Fingerprints (F)
3 S g
5 § Columns = chemicals g
7,

|
*

Rows

Columns = Factors

Rows

Map of fractions

Rows

I | ‘ | I I I I | Fingerprint A

Fingerprint B

| | I ‘ I Fingerprint C
_ 1 |

| Chemical composition |
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1 : :
2 < >
° ° 3 < |
Un-mix sighatures
Blind Source Separation
Wariance captured Chemical profiles Spatial distribution Reference lookup Reconstruction fit
. Resolved fingerprints
« ’ . EM1 EM2 EM3
reflect “pure” versions of 1.00
0.75
the most unique profiles 0.50
= 0.25
that bracket the data. & 000— L Ll A ____M_____
@ EM4 EM3 EM6
. . 8_' 1.00
. Should align with real g o7
5 _ S 050
g samples / established = 025 n H
3 ) S ooo-wmmwn wwn wmec oo e M) m  __en [ _
8 “ 075 FTERERRRT AR gaq
(] . - =t O 0
2 . EMs 2-3 & 5-8 potential 0.50 slele
£ 025
E source / F&T patterns 000 0 roll b
S S e e U T 0 AT A SVl e Ve Ul = U0 DDA A
E . EM4 ~ a profile of detection REEEREASAER oY RREEREARNER G
[2a) . . P P s
limits (background)
8
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Fingerprinting

Un-mix signatures

Cosine Theta

. Commonly-used metric
compares fingerprint
profiles (rows) to reference
profiles.

. Similar to correlation
calculations for features
(columns).

. EMs 1, 2, and 5 relate
strongly with different
formulations of legacy and
modern foam.

ple

Reference_sam

Variance captured

Reconstruction fit

alberg_FT_2015
alberg_FT_2043
Matlonal Foam_FT_2003
Malanal Foam_FT_2005_2
Malanal Foam_FT_2005_1
Fomiac FT_2013
Firadda_FT_2017
Firadda_FT_2013
Chamguard_FT_2017_22
chamnguard_FT_2017_01
Chemguard_FT_2010
Chemguard_FT_2004
Suckaye FT_2009
Ansul_FT_2010
Ansul_FT_2009
Ansul_FT_1987
Ansul_FT_1995
Angus_FT_2015_02
Angus_FT_2016_01
AFFE_3per
IM_ECF_2001_02
IM_SCF_2001_01

F 19942

]
=
]
=

LU ST R TR 1 )
=== =
mimim

€3 03 €3 03

LRI )

M_ECF_1930

F_1994_1
F 19932
F 19931

19w

Chemical profiles

Sample PFOS PFOS PFHxS
1 < >
2 < >
3 < >
Spatial distribution Reference lookup
Cosine_theta

EME
EM3

EMS
ot |

= ]
= -
i

Factors
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1 < >
2 < >
Un-mix signatures 5 : g
Spatial fingerprints Variance captured Chemical profiles Spatial distribution Reference lookup Reconstruction fit
. EMA4 relates to low I
concentrations around the '
perimeter of the site / g p— I
offsite (ambient ” i 00 ®
signature). s 4

. EMs 1, 2, and 5 indicate
three point sources onsite,
and one offsite north.

. EMs 3, 6, 7, and 8 indicate
potential F&T / precursor
transformation patterns.

Battelle Chlorinated Conference 2024
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Site partitioning

Spatial clustering

Problem: Challenging to
partition areas for detailed
investigation and management
at complex sites.

Solution: Spatial clustering
incorporates fingerprints,
ambient levels, and spatial
relationships to define
chemically similar zones.

Benefit: Data-driven site

partitioning for further
investigation or remediation,
incorporating knowledge of
ambient levels.

Which cluster represents
ambient levels?

3 -

Number of spatial fingerprint
zZones

I Fingerprints I IAmbient LevelsI

I Coordinates I

+ +

Potential diffuse Spatial cluster
/ downgradient ‘1]
areas Lal E

I

Potential ambient
area/delineation

Potential core
source area(s)



\\\I) I Fingerprints I Isite covariatesl
[ rop assay |
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Explainable Al (XAl)

Feature Importance Sensitivity

Feature importance
Feature Importance to Fingerprint 7

Problem: PFAS precursors may continue to PFHxS = key fingerprint

transform to PFAAs over time. Other +oal cOmponent — and key driver

measurements may co-vary with other F&T from TOP assay load!

patterns. Resolved signature may not

: : i e o be final form - other importance

Solution: Feature importance identifies 2 ol | W o.0020
£ constituents even more M 0.0015

potential drivers in a single graphic, 2 important. 00005

using ensemble tree-based nonlinear 0.0005

regression. One of many XAl tools . N

available! HUJUU_M_MQ

Benefit: Simplify complex data relations and

Battelle Chlorinated Conference 2024
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WSP Source & Transport Evaluation Platform (STEP)

Capabilities and outlook

In-house web application focused on answering strategic site investigation
questions:

What are ambient levels?

Is this a source, or a fate-and-transport pattern?

How should we divide the site for further investigation?
Reduces analysis time-to-insight from years/months to weeks/days.
Complement/vet Conceptual Site Model derived from traditional tools.

Early insights promote better planning & more robust decisions.
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More WSP PFAS Capabilities
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“"‘|' Source Transport Evaluation Platform (STEP)

Choose Input File

Browse Input_data xisx

now |~ 25 w | efifes
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