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Example Phase II ESA Process
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= What is it?

= What was it?

= What happened to it?

= Where did it come from?
= How did it get there?

= When was it released?

= Whose is/was it?

= How much of it is from each source?
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Disruption!

© 2023 Environmental Standards 2



Forensic Investigations

« Define the question, identify risk, specify
quality objectives

Strategy

= ldentify available data

Tier 1 Evaluation * |Initial forensic data review

= Identify gaps, risk reduction opportunities

U 2 I2vEliaiten = Targeted forensic investigation

* Make the case: data presentation,

Communication justification, clarification, simplification
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General Fingerprint — Crude Oil Tarballs

Source Sample Cross-River Sample

Rm Signat ROMS1.DFID28.CH Respense_ it ROM4T.DVFID2E.CH
. MMM.MWJ bl
Left side — water soluble components Right side — unaffected by water
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Weathering —Is it a New Release?
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T(year) = —=8.4(n-C17/pr) + 19.8

Numerous caveats to the use of this ratio have been identified.

N-C17 : Pristane Ratio
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Alkane’ ISOPrenOld and PAH/alkyl Pe:roleun’\ Comb::stion: 'Biolmass &lCoaI C?mbustlion Eé
[ 0554k ¢ V. o= m‘g
PAH Ratio Analyses T
&
5 ;
- Numerous other approaches 5 § g
proposed over the years. E
- Some are specific to individual e . B 5 s
I 0.20 0.25 0.30 0.35 0.40 045 0.50 0.55
petroleum products. BaAV(BaA+Chy)
- Some have proven more robust
Older Newer
than others. oon | PO T T ] 35
, : , Y. S 3] =3
- Care is needed in selecting and 0.55 '° z% it
. . . . . I G18 {18°
justifying the most beneficial N et k.| A MO .. S— s8] 3 _
. . : = ' ' o E 2
ratio analysis for your site. % s ; §§ 23
& : 1S
g 040 pessnnnnan . ---------------------- ‘-1-5-- a v
oL o A
[ - - <
0.30»-(” (o ‘3

| ' A 1 '
000 005 010 015 020 025 030 035 040
An/(An+PhA)

© 2023 Environmental Standards 6



PFAS Fingerprinting

PFBA
. PFBA PFBA
. Féo-z FTS PFPeA i 10:2 FTS PFPeA 10:2 FTS PFPeA
' § 8:2FTs PFHXA 8:2 FTS PFHXA
6:2 FTS PFHpA
P 6:2 FTS PFHpA 6:2 FTS PFHPA
PFOS PFOA PEOS PFOA PFOS PFOA
PFHPS PFNA PFHpS PFNA PFHpS PFNA
PFHxXS PFDA PEHXS PEDA PFHxXS PFDA
PFPeS PFUNA PEPES PEURA PFPeS PFUNA
PFBS PFDOA oS BFDOA PFBS PFDOA
PFODA PFTTIA . PFODA PFTTIA
PFODA PFTTIA
PFHXDA PFTeA . DETeA PFHXDA PFTeA

- Radar Plots (Excel) offer an approach to easily visualize
differences/similarities in PFAS distributions among potentially related
samples

 PFAS detected plotted clockwise: carboxylates — sulfonates - FTS
* Rings indicate analyte concentrations (log scale)
When plotted on the same scale, enclosed areas roughly correlate to X PFAS
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Tier II Evaluation
Options:

- Petroleum Biomarkers, alkylated

- What Risks Remain? PAHs, PIANO (light distillates), PCB
. What Information is Needed congener, non-targeted analysis,
to Reduce Risk/Uncertainty? CSIA (Compound-Specific Isotope
Analysis).

- GC/FID (extended run), GC/HRMS,
GC/MS, GC/MS/MS, LC/HRMS.

- Other parameters ... metals,

sulphur, organic Pb, Mn, etc.
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PCB Sample Assessment — Aroclors Contribution

Sample C-03 demonstrates compositions typical of samples containing
PCBs, PCTs and PCNs

«  PCTs/PCNs were successfully argued as a basis for cost allocation

Sample C-03
Aroclor 1260
Aroclor 5460

L.
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Linear Mixing Models Using up to 209 Congeners

\ Results
| > Aroclor 1016 24%
Aroclor 1221 0%
Aroclor 1232 0%
Aroclor 1242 52%
Aroclor 1248 0%
/ Aroclor 1254 24%
Aroclor 1260 0%
Aroclor 1262 0%
Aroclor 1268 0%
Total 100%
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Linear Mixing Models Using up to 209 Congeners

a )
Sample
Conc. Sample
|:: > mass
ng/mL fraction
PCB 1 473 0.0049
PCB 2 23 0.0002
\ / PCB 3 118 0.0012
PCB 4 2,417 0.0252
PCB 5 123 0.0013
PCB 6 1,086 0.0113
PCB7 224 0.0023
PCB 8 5,053 0.0526
PCB9 425 0.0044
PCB 10 118 0.0012
PCB 11 6 0.0001
PCB 12 227 0.0024
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Linear Mixing Models Using up to 209 Congeners

Aroclor 1016 Aroclor 1221

ng/mL mass frac ng/mL mass frac <:|

720 0.0078 33,400 0.4023

37 0.0004 3,050 0.0367

184 0.0020 14,200 0.1710

3,650 0.0394 5,320 0.0641

192 0.0021 724 0.0087

1,660 0.0179 3,140 0.0378

335 0.0036 1,490 0.0179

7,780 0.0839 10,100 0.1217

614 0.0066 1,530 0.0184

179 0.0019 524 0.0063

28 0.0003 99 0.0012

357 0.0039 1,590 0.0192
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Linear Mixing Models Using up to 209 Congeners

4 )\
Sum of
Squares
[ Sample 5.08E-06
Results mass sum of
Aroclor 1016 4% fraction fractions
Aroclor 1221 0% 0.0049 0.0050
Aroclor 1232 0% ggg?g g'gg?g
Aroclor 1242 52% 0.0252 0.0252
Aroclor 1248 0% NG % . 00015
Aroclor 1254 24% 0.0113 0.0113
Aroclor 1260 0% 0.0023 0.0023
Aroclor 1262 0% 0.0526 0-0528
Aroclor 1268 0% 0.0044 0.0044
o 0.0012 0.0012
Total 100% 0.0001 0.0001
0.0024 0.0024
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Forensic Evaluations and Fingerprinting

Identify and run likely sample constituents.
Condition the data set.
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Tier II PFAS Investigation Part A

10:2 FTS PFPeA
8:2 FTS PFHXA
6:2 FTS PFHpA
. q PFOS PFOA
- Total Oxidizable Precursors Assay (TOP)
PFHpS PFNA
« Green: Pre-Oxidation i oA
- Blue: Post Oxidation Ppes PFUNA
PFBS PFDoA
- Summation of Total Detected Fluorine PrODA - PFTIA
PFBA
10:2 FTS PFPeA

Total F Total F Fold - _—

Increase PFOS PFOA

PFHpS PFNA

Pre Post
(mmol/L) | (mmol/L)

Top 1.0 104 100x PFHXS PFDA

PFPeS PFUnA

PFBS PFDoA

Bottom 0.3 100 380x PFODA PFTFA

PFHXDA PFTeA

© 2023 Environmental Standards 15



[T
Q
3
=2
(1}
iy

Sample 2 Sample 3 CAS#
171184-02-4
1287702-47-9
1980039-46-0
129498-18-6
86803-38-5
67939-36-0
68227-97-4
1376331-61-1
82137-36-8
159414-98-9
86060-96-0
1207756-42-0
1383438-88-7
1513863-95-0

Tier II PFAS Investigation Part B

Non-Targeted Analysis

- 38 Compounds either

positively identified or 67732420
i e
determined not detected

1513864-12-4
NOCAS_1009316
68298-76-0
80242-51-9
61660-12-6
677324-21-9
68298-74-8
677324-22-0
15953-40-9
462996-01-6
68298-72-6
1075687-38-5
192326-53-7
27619-97-2
123708-11-2
62880-95-9
102040-62-0
54207-61-3
93345-48-3

- 71% (27 compounds) had
similarity between Samples 1
and 2, and differences in
Sample 3
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Tier I and Tier II Evaluations - Summary

Type and Quantity of Data

Available Data: historic, hydrologic, geologic,
chemical, isotopic, etc.

Identify Tier | Analytical Approach
Identify gaps, risk reduction opportunities

Specify Tier |l Data Requirements - benefits and
tradeoffs

Data Analysis

Completeness check, data validation, data conditioning
and framing.

Develop Multiple Lines of Evidence:
Does site hydrogeology fit with analytical data?
Do multiple chemical measurements converge or
not?

Information = Reduction of Data Uncertainty
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Communication

Solid Communication of Investigation Outcome is Critical for Decision-Making
- Make the case: data presentation and justification
- Communicated in a clear and concise manner

- Accessible to:
- Scientific and lay communities
- Corporate and management staff

- Legal, Financial and Business analysts

Work Product should include:
« Fully documented report

- Executive summary
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Parting Thoughts

‘ Environmental Forensics — Not for Dabblers

\
Knowledge of fate and transport, source profile libraries, specialized analytical
techniques, hydrology, biological transformations, and isotopic enrichment is needed
|
‘ Data validation/data quality indicators: Different for forensic uses
[

‘ Multiple lines of evidence providing real value

Strategy is Critical - Communication is Key
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Heather L. Lord, Ph.D.

Senior Associate Forensic Chemist

519.240.9228
hlord@envstd.com
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