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Montrose Continuum
of Services

From testing to remediation to
proactive interventions, Montrose
provides comprehensive,
environmentally-focused solutions
that combine the consistency of a
national presence with deep, local
expertise and regulatory insight.

You'll eliminate logistical headaches
and gain access to the best technology
for each project. More importantly,
you'll be working with the people who
truly know how to put it to good use
to get the job done. Click the Services
to the left to see for yourself.
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Proton Transfer Reaction Time of Flight Mass
Spectrometry — Mobile Real Time Analysis

BAAQMD Odor Study - Odor
Plume 330+ compounds

Amines - N
Thiols/TRS - S
Alcohols - COOH/OH

Carbonyls-0/=0
(aldehydes/ketones)

Multivariate Data Analysis

Principal Component
Analysis




 Mobile Real Time

« Couple to GC for Compliance EPA
M18 ¥,

Absolute Time and Space

Real-time, continuous results (1/sec)
No sample or reagent preparation
New Reagents all the time

Single unit can handle multiple
sampling ports

Mobile Platforms and PTR
sensitivities

pressure
control

@\ MONTROSE

AIR QUALITY SERVICES




Proton Transfer Reaction Time

of Flight Mass Spectrometry Mobile
Platform (PTR-TOF MS)

drift tube

* Proton Transfer Reaction Mass l — o
Spectrometry for Real Time VOCs and ==

Inorganics |

+ FTIR Monitoring for Primary
Pollutants

- OE-FTIR Analysis of low level OHAPs

Typical Reagent Gases:

H,O0* + R 2> RH* + H,0
o, + R-> R* + O,
NO* + R 2> R* + NO
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Proton Transfer Reaction Time
of Flight Mass Spectrometry Mobile
Platform (PTR-TOF MS)

 Optional GC Interface for
EPA M18 with pptv MDL for
iIsomers

- Weather Station & GPS

- Real Time 3-D
Concentration vs Location
Profiling

© 2021 Montrose Environmental Group, Inc. Proprietary and Confidential. | 7



Reagents and Molecular

Interactions
(‘)+ ® — g
Water Proton  Hydronium Water Water Hydroxide Hydronium

Proton transfer
e N

“ Association
0 *Q‘
2 VCharge transfer
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Speciation with Selective Ionization Reagents
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Pictures of Possible Sources
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What is Multivariate
Analysis?

Deep Data- How Does it
Work?

In this case, we are using a class of models,
called Principle Component Analysis (PCA) -
used to reduce the dimensionality of large
data sets, by transforming a large set of
variables into a smaller one that still contains
most of the information in the large set - Wiki

Layperson - How variables, such as ratio’s or
specific unique compounds in a group of
compounds (plume) correlate to all of the
possible compounds in a model (facility plume
fingerprint)

© 2021 Montrose Environmental Group, Inc. Proprietary and Confidential.
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What is Multivariate
Analysis?

Applications for
Odor Plume Analysis

—rth |

1. Fingerprint each facility and source in facility -
generate model to determine if each is unique -
develop PCA model

2. Measure plumes found in community - apply
PCA - Looks at unique and ratios of compounds
and compare to model (facility fingerprint)

3. Bin them into correlations from each data point
(air sample) and assign to facility

© 2021 Montrose Environmental Group, Inc. Proprietary and Confidential. 17



Graphical Representation of GPS CMS Map
Concentrations — Dixon Landing Park Area

These individual compounds are used in the modeling to determine origin of plume
Example showing only 4 compounds
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Fingerprint Models
and Sample Bag Analysis

15 source bags were measured and
identified to be from one of 4 sources

« WWTP - 110 MGD Wastewater Treatment
Plant

« MSW landfill
- Wet Fermentation Food Compost

- Estuary
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Fingerprint Models
and Sample Bag Analysis

Observations from the Anthony
Spangler Middle School were -
analyzed as the initial test case to q
start model development |

- Pareto scaling was applied as more
populated masses, allowing for a more
robust model

- Several Sensitivity cut offs were
explored

* 0.05 based on the instrument
sensitivity

- 0.10, 0.20, 0.50, and 2.00 to explore
if there was a ‘natural noise floor’

M in the data
‘ '_ © 2021 Montrose Environmental Group, Inc. Proprietary and Confidential. 20




Individual Bag Analysis

Scoves (M4 -0x

Models for each bag were able to Lo TR =
be created | 0 -
* Observation distribution is ideal =='

- a good model can be built for each bag ol i
- m21and m34 were excluded o ’ 4

- m21’s contribution was very high - *

- m34’s contribution was vary high once m21 01
was excluded

- Pareto scaling was applied

« Enhanced masses with lower

: 7-15 Dimensions examined
concentrations

- Enhanced separation between bags

- Enhanced model confidence

© 2021 Montrose Environmental Group, Inc. Proprietary and Confidential. 21



Collective Bag Analysis

- We see nice separation between the bags in the model (circle)

- Loadings, green bars, looks good
- First loading separates the bags from left to right

- Second loading separates the bags from bottom to top

© 2021 Montrose Environmental Group, Inc. Proprietary and Confidential. 22



PCA Results of Individual Bag Analysis Showing
Unique Compound Ratios/Individuals

—
©® F H 2" B TR merged 8ags 001.usp - SMCA Plot -8
Home  Data  Analyze  Predict  View  Tools  Marked items & Send feedback &
m B Newas - = [ i ™ S b-,: =
EE w S Bg G| e POV | B I e b -
E5Y -
Dataset Spectra = Calibration  New Statistics. Madel  Autofit Summary = Overview Q2 Scores Loadings Hotelling's DMod Create
. . st §x Delete = . © Remove " ffite . T B )
ct Workset : Made Diagnostics Plot/list
Project Window - M5 (PCA-Class) R} Properties ax
Number Model Type A N R2X(cum) R2Y(eum) Qz{cum) Date Tt Hierarchical Scores . =
1 M1 PCA-X 9 3918 1 0978 3/6/2021
2 M2 PCA-X 2 918 0994 0848 3/6/2021 Removed m21 . 3 =
3 M3 PCA-X 2 3918 0988 0942 3/6/2021 Removed m34 -
4 M4 PCA-X 5 3918 0.991 0965 3/6/2021 M3 Par Scale Component: 2 ~
= Class model 1 3/6/2021 — . 5
5 102 323 3/6/2021 o
6 M6 PCA-Class(M201) 2 627 0.288 021 3/6/2021 4 Colorby
7 M7 PCA-Class(M301) 2 602 0523 -0.189 3/6/2021
8 ] PCA-Class(M302) 2 614 0625 00472 3/6/2021 BagiD -
bl M PCA-Class(M303) 3 743 0755 0259 3/6/2021
10 M0 PCA-Class(M402) 2 679 0751 0161 3/6/2021 Miro > W0 L L
Wm0z M302
W20 Wz
+ Scores [M5] -0 x|« - R
Scores - Merged_Bags_001 (M5, PCA-Class(M102)) Scores - Merged_Bags_001 (M7, PCA-Class(M301)) Scores - Merged_Bags_001 (M9, PCA-Class(M303)) -
Colored according to BaglD Colored according to BagID Colored according to BaglD
4 Sizeby

No sizing ‘ Dcit | vector,
4 Labels

Primary ID -

21

-30 —EID -10 E‘I 10 20 30 -8 -6 4 -2 0 2 4 6 8 4 -2 o 2 4 6 8 10
] i i
RIX[1] = 0.455, R2X[2] = 0.0744, E11ipse: wotelling's T2 (95%) R2x[1] = 0.365, R2x[2] = 0.158, E1lipse: Horelling's T2 (95%) R2x[1] = 0.417, R2x[2] = 0.273, E1lipse: Hotelling's T2 (95X)
Scores - Merged_Bags_001 (M6, PCA-Class(M201)) Scores - Merged_Bags_001 (M8, PCA-Class(M302)) Scores - Merged_Bags_001 (M10, PCA-Class(M402))
Colored according to BaglD Calored accarding to BagiD Colored according to BagID
3
2
1
o
(]
(]
-1
-2
3
-4
-5
]
-4 3 2 - [} 1 H 3 4 5
Cull 0 1) & More properties.
R2X[1] = 0.15, RZX[2] = 0.138, Ellipse: Hotelling's T2 (95%) R2X[1] = 0.423, R2X[2] = 0.202, E1lipse: Hotelling's T2 (95%) R2X[1] = 0.468, R2X[2] = 0.283, Ellipse: Hotelling's T2 (95%)

Quick Info | Properties | What-If | Data Explorer

© 2021 Montrose Environmental Group, Inc. Proprietary and Confidential. 23



24

& Send feedback &
W02
—/

BaglD
i maoz
| [ZEUE]
Primary ID

4 Colorby
K More propertes.

X-axis comp:

4 Labels
4 Size by

No sizing ‘ DCrit ‘ Vector..
Quick Info_Properties | What-If | Data Explarer

%  Properties
Scores
Model:
Companent:

Hierarchical

*
© 2021 Montrose Environmental Group, Inc. Proprietary and Confidential.

3/6/2021 Removed m21
3/6/2021 Removed m34

Date  Title
3/6/2021
3/6/2021
3/6/2021
3/6/2021
3/6/2021
3/6/2021
3/6/2021

"
&
i3
0.887
0.0728

L
g
E

1=

2
H
R2X[1

RZX[

0978
0848
0323

0.0472
0.259
0.161

Q2(aum)
Loadings - Merged_Bags 001 (M4, PCA-X), M3 Par Scale

Loadings - Merged_Bags_001 (M4, PCA-X), M3 Par Scale
g
E

fan
&
E

R2¥(cum)

E‘F’.n.'
Create
Plot/list

053
08
0523
62!
0755
0751
o
2
t

R2X{eum)

T2

Diagnostics & interpretation

M ok o=k

Scores Loadings Hotelling's DMod

3918
3918
3918
653
827
602
614
743
679
g
E

@

F2eoBEw
y EEOEEW

0.
045
[
035
0.
025
0.
005
00!
5
04
3
2
1
o
1
2
3
04

-oOx[ a

X

Summary | Overview Q2
100

of fit~

first ..

. Two
© Add
@ Remove
Mode

T2 (95%)

Plot
Marked items

Model  Autofit
type~

0
Hotelling's

Tools

g
e

Ellipse:

View
Statistics

0.0728,

u
3
2
g s
§ , -
I
i
3

Predict
Workset
Type
PCA-X
PCA-X
peA-Cl
PCAC)
PCA-C)
PCA-C)
PCA-C)
R2x[2]

.Froject Window - M4 (PCA-X) - M3 Par Scale

Number

B Newas *

EY Edit -
Mew

Elk Delete -
0.887,

2
3
@
&
P
b
X
3
g
=
z
g
o
S
2
)
A
2
g
b
g
o
b

r2x[1]

3 B [T] (3% Merged Bags_001.usp - SIMCA
Analyze
M5
M6
M7
Ma
M9

Data
ey
Calibration
wizard ~

Home
-100

Gl

Dataset Spectra
Project

Scores [Md]

-120

PCA -How the Model Works - Unique Sector Analysis

Right to Left and Top to Bottom

= Class model 1

@




Initial Classification by Source
Principle Component Analysis

3356 samples from the Anthony | = _ ﬂ B e
Spangler School were compared i
to the 4 Source Models

- Cutoffis noted in each frame

* 0.05and 0.10 had the lowest
number not classified

- 2.00 was the ‘cleanest’ —

1| M25, M26, M27, M28
2

- Is this the right metric?

0%
0%
0%
0%
0%

- What is an acceptable e -
percentage for No Class?
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Public Odor Complaint Areas - Various
Plume Sampling Locations

|

)

vy

San José; Santa m
Clara Reglonal
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Classification of Sources - Various Plume
Samples - PCA Results

Spangler Middle Members Correct WWTP Newby ZWED  Estuary No class (PModX+ <=

0)
0 0% 0 0 0 0 0
0 0% 0 0 0 0 0
0 0% 0 0 0 0 0
0 0% 0 0 0 0 0
o o 2173 0 1286 841 46 0
Samples from Various locations were Toa 273 ow o 1w  sn 4o 0
0% 59% 39% 2% 0%

compared to the 4 Source Models,
comprised of Primary and Secondary

Dixon Landing Members Correct WWTP Newby ZWED Estuary

0 0% 0 0 0 0 0

fingerprint constituents 0.05 Cutoff N — S S 0
0 0% 0 0 0 0 0

X . No class 3939 0 3886 17 0 36

The model determines the ratios of Tool 9% % O 36 47 O 3
the Components present} and then Members Correct WWTP Newby  ZWED Estuary  No class (PModX+ <= 0)
scores those ratios to identify the e I :
source | 0
16701 0 16289 151 0 261

Total 16701 0% 0 16289 151 0 261

0% 98% 1% 0% 2%

Members Correct WWTP Newby ZWED Estuary  No class (PModX+ <= 0)

0 0% 0 0 0 0 0

0 0% 0 0 0 0 0

0 0% 0 0 0 0 0

0 0% 0 0 0 0 0

No class 15736 0 14998 0 0 738
Total 15736 0% 0 14998 0 0 738

0% 95% 0% 0% 5%
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Plume Analysis Details - Hampton Inn Overnight
Sampling Location — Wind Vectors

Hampton Inn
Overnight Plume Monitoring

Attempts to catch plume when
wind is out of Northwest

Possible Odor Sources

o e\
% @
AL 5

: | ¥/ 4
) P _— = ’;" : | N2
- " Die R i ; 215 Barber Ct, Milpitas,
g o)
%y ®

, p CA95035, Uflited States . *. - Hampton Inn

-

s FALVISO

AN
S, g . ALY Nk . :
G | o lilEs Sampling Location
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21 Hour Plume Analysis - Hampton
Inn Monitoring Location

Primary Component Analysis Model Results: 5/14-5/15/2021

5/14/21 5/15/21
No No
Hampton Inn 1430-2030 Samples _ class Hampton Inn 0230-0830 Samples _ class
Total 10802 0 9652 1103 28 19 Total 10803 0 10783 6 0 14
% [8% | 10% 0% 0% 0% 0% 0% 0%
- 5/15/21
No
class
Total 10803 0 9701 995 0 107 Total 5180 0 5067 93 0 20
0% [790% " 9% 0% 1% 0% 2% 0% 0%
Individual C ent Analysis
Graphical Result for Acetaldehyde
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Results and Future Work....

1. These results confirm that Primary Component Analysis Modeling is a
valid technique for classification of odor plumes present in the South
Bay Area

2. Refinement of Preprocessing Methods and Models with the goal to
remove known and unknown bias with the end goal to provide a robust
model for the prediction of the odor source

3. Non-Odorous plumes captured during this event does NOT identify the
facility from which odor complaints are arising. Capturing plumes
while they are odorous will identify which facility(ies) the odors are
originating. Sampling during odor complaints are warranted
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Recommendations — Montrose Options

Model is Developed (initial data inputs)

* Can collect Summa Canisters or Mylar/Tedlar Bags (10L) during odor complaints for
shipping to Houston for PTR analysis

 Summer Months - Secure PTR Van to come to site of odor complaints over a period of time
to capture odorous plumes for identification by PCA and/or MET triangulation Software
“Bloodhound” (May make model more robust with more fenceline fingerprinting — diff
compounds in Summer Months?)

- Lease PTR Instrument in a stationary location near most complaints and set up MET station
to pinpoint source (Likely take 2-3 months)

* Purchase PTR mobile Platform (~$850K) to respond to odor complaints and other
applications

© 2021 Montrose Environmental Group, Inc. Proprietary and Confidential. 31



Questions?

Peter G. Zemek, Ph.D.

Senior Vice President, Emerging Technology
pzemek@montrose-env.com
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