DUST FINGERPRINTS
FINDINGS AT
OLEFIN SITE
PENUELAS
PUERTO RICO
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Fingerprint the various
types of asbestos
containing dust found
within and outside the
Olefin facility.

Method was used by the
EPA after 9-11 to
determine areas where
cleanup efforts were
needed.




WTC Dust Signature
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e *Phase | also included soil
and bulk sampling.

e **Phase |V included both

air and micro-vacuum
sampling.







e If one environment is typical to the
building (or area) this could be used as
the source of background samples

against which study samples from the
area in question shall be compared.

e One environment may be taken as
control against which to compare study
samples from other area.
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CHOOSING SAMPLING LOCATIONS

e Step 1-Look at
existing data

e Step 2-Pick up
outliers

e Step 3-Select
representative
samples with high
amount of asbestos




97 samples out of 123 dust
wipe samples are showing
only Chrysotile as the
asbestos mineral present.
Only two are showing both
Amosite and Chrysotile and
one sample shows
Chrysotile and Actinolite.
The other samples have
reported asbestos fibers
below the limit of detection

e Sample W-008-
001 374,000 (El
Velorio
Restaurant )

e Sample W -
006-001 15,500
(Metal Fence
Highway)
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Weston samples dust wipe histogram
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Figure 6. Dust sampling points (Highlighted) found by Weston to contain C hrysotllfsx 10
concentrations higher than 400,000 str/cm” (data from Weston report [[PBge 11 of 94




4 : : A
Comparison of asbestos average structures and confidence

\U

limits for dust wipes sampled during Phases | thru llI-Data
from Weston reports (ASTM D-7390-07)

4

Site % Weighted Average

Two outliers-Area A 13,145,000 14,599,000 16,113,000

Community (except 2 outliers)

School

Headstart

Background 6 miles radius




e Why is the asbestos

background so high?

e What is the source of the
asbestos contamination
for site locations above
the background levels?




Selection of Dust Samples (1)

EPA SAMPLING
PHASE

WESTON SAMPLE
LOCATION/CONCENTRATIONS

WESTON
SAMPLEID

AESI SAMPLE
LOCATION

AESI SAMPLEID

Phase |

Area OV409-bulk sample-Amosite 2%, Chrysotile
20%

Front flare-dust-Amosite/Chrysotile (102,000 str/cm?)
Front flare-soil-Amosite/Chrysotile-0.1%

Front flare-bulk-Amosite-40%, Chrysotile-2%
Scrap metal front Crane-dust-Chrysotile (252,000
str/em2)

El Velorio-outside porch-dust- (374.000).-
Amosite/Chrysotile

ACM-004-001
W-001-001
50001-0006-001
ACM-003-001

W-003-001

W-008-001

Bulk, area OV409

Dust, front flare
Soul, front flare

Bulk . front flare

Dust, front of previous
crane
Dust, El Velorio, front
porch

B-OL-OV409-ER|
D-OL-FF-ER2
S-OL-FF-ER3
B-OL-FF-ER4

D-OL-SM-ER6

D-EV-FP-ERI

Phase I1TA

(lassroom 10, entrance/near window-dust (desk near

window, vinyl 146,000 and concrete floor entrance
194,000 str/cm”).

Classroom 19-dust (shelf, wood, dusty area 363,000
str.cm:).

(lassrooms 23-dust (metal bottom of student desk
257.000 sIr.cmj]

PO002-CR10-
WPO1-01

POO02-CR19-
WP03-01
PO002-CR23-
WP03-01

Dust, hallway, lst

bldg.

Dust, hallway. bldg.
next o basketball court

Dust, hallway, 2nd
floor, Adm. Bldg.

D-ILPV-CRI10-1F-H-
ER3

D-ILPV-CRI19-1F-H-
ER4
D-JLPV-CR23-2F-H-

ER3 Page 14
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Selection of Dust Samples (2)

Phase I11B
Community
Tallaboa

Emergency generator, facility entrance-dust-
Chrysotile (8,730.000)

Top of air conditioning, facility entrance.-dust-
Chrysatile (32,200.000)

Top of garage wall-dust-Chrysotile (178.000)

Top of table-garage-dust-Chrysotile (146,000)

PO005-WPO1-01

P0006-WPO1-01

POO18-WPO01-01

PO021-WPO1-01

Dust, Gulf facility
entrance

Dust, AR Exchange
Boiler

Dust, corner street 2

Dust, street 2,
intersection with 4

D-TEC-GULF-GS-ERR

D-TEC-ARE-P0006-ER7

D-TEC-PO018-C2-ER12

D-TEC-POD21-C2-ERI11

Phase I1IC

Bus stop, seat, concrete-dust- (160,000)

Traffic barrier, metal-dust- (116,000)

P0036-WPO01-01

P0035-WP01-01

Dust MV, bus stop
bench, Rd.383, Int.
384

(10/2/14)

Dust, traffic barrier
rd.384, km3.2

Dust wipe, bench left
side bus stop
(10/23/14)

Dust MV, bus stop
bench. (11/11/14)
Dust wipe, bus stop
bench, (11/11/14)
Dust MV, bus stop
bench. (11/18/14)
Dust wipe, bus stop
bench, (11/18/14)

D-NOW-P0036-B5-
ER10

D-NOW-P0O035-TB-
ER0O9

D-385-W-ER|1

D-NOW-P0036-B5-ER1

W-NOW-P0036-BS-ER1

D-NOW-P0036-BS-ER1

W-NOW-P0036-BS-ER1

Phase IT1ID

Headstart, entrance, concrete floor-dust- Chrysotile
(41.700)

P0014-WP02-01

Dust, exterior next to
playground

D-HS-PG-ER2 R
Page 15




DUST RESULTS



Dust samples results (1)

Table 4. Summary of Analytical Results for Samples Collected 01 October 2014

Sample I. D.

PLM Analysis

Results
% Asbestos

Additional Materials
Observed

TEM Analysis Results

Comments

D-EV-FP-ER1

Trace
Chrysaotile

Carbonate, iron/rust,
quartz, cellulose,
insect parts, rubber,
tarry particles

Calcic and clay
minerals, two chrysotile
bundles

Iron/rust adhering to
chrysotile (PLM)
Trace Fe/Al presentin
chrysotile (TEM)

D-HS-PG-ER2

NAD

Cellulose, carbonate,
quartz

Calcic and clay
minerals, two chrysotile
fibers

Trace Fe/Al present in
chrysotile (TEM)

D-JLPV-CR23-
2F-H-ER3

carbonate, quartz,
cellulose, paint,
rubber

Clay minerals

Small sample volume

D-JLPV-CR19-
1F-H-ER4

cellulose, carbonate,
cotton, hair, insect
parts

Clay minerals, one
chrysotile bundle

Trace Fe/Al present in
chrysotile (TEM)

D-JLPV-CR10-
1F-H-ERS5

Carbonate, quartz,
cellulose, plant
debris, insect parts,
plastic/polymer

Clay minerals

Small sample volume

BLK-ERG6

NA

NAD

ASTM D5755
Analysis

NA — Not Analyzed

NAD — No Asbestos Detected

Page 7 of 34




Dust samples results (2)

Table 5. Summary of Analytical Results for Samples Collected 02 October 2014

Sample I. D.

PLM Analysis

Results
% Asbestos

Additional Materials
Observed

TEM Analysis Results

Comments

D-TEC-ARE-
PO006-E-ER7

Trace
Chrysotile

Lizardite, carbonate,
iron/rust, quartz,
cellulose

Clay minerals, one
chrysotile fiber

SEM (clay minerals,
lizardite)

D-TEC-GULF-
GS-ER8

NAD

Lizardite, carbonate,
guartz, feldspar,
pollen

Clay minerals, one
chrysotile fiber, one
chrysotile bundle

SEM (clay minerals,
lizardite, quartz)
Trace Fe/Al present in
chrysotile (TEM)

D-NOW-P0035-
TB-ER9

Carbonate, quartz,
cellulose, plant debris,
insect parts, rubber,
iron/rust, fungal
material

Clay minerals

D-NOW-P0036-
BS-ER10

Lizardite, quartz,
carbonate, iron/rust,
hornblende

Clay minerals, one
chrysotile bundle

Trace Fe/Al present in
chrysotile (TEM) [Five
additional structures detected
during D5755 analysis -
reported separately]

D-TEC-P0021-
C2-ER11

Trace
Chrysotile

Lizardite, quartz,
carbonate, iron/rust,
feldspar

Calcic and clay minerals

D-TEC-P0018-
C2-ER12

NAD

Lizardite, magnetite,
guartz, carbonate

Clay minerals and four
chrysotile fibers/bundles

Trace Fe/Al presentin
Mg-reduced chrysotile
(TEM)

BLK-FB-ER13

NA

NAD

[Analysis via D =
reported separ 1 10

Page 18 of 94

NA — Not Analyzed

NAD — No Asbestos Detected




Dust samples results (3)

Table 6. Summary of Analytical Results for Samples Collected 23 Octoer 2014

PLM Analysis
Results | Additional Materal |
WVA% | Samplel.D. | sAshestos Observed | TEM Analysis Resutts | Comments
D | DO N | COSORRORE, | IV e e i
Quartz, cellulose Darticles
ronlrust, vermiculte, | Iron, aluminum, clay | SEM (probable
7971 | DOLSIERG Trac%ace (uartz, carbonate, | particles, one Chrysotle)
b e | CEHIOS gass | fter oot Tace FeA Presen
PO s g i | bundes mchrysotl (TEW)

NA - Not Analyzed
NAD = No Achectae Detepted

AV W a
N\/\ 1U
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Distribution of Chrysotile and Lizardite in Dust Samples
collected Inside/Outsid Olefin Facilities

-NOW-P0036-BS-ER10
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Lizardite/Chrysotile distribution on the 6
miles map (Background, Weston report IlIC)
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POO34-WPOI
{ rvsotile Asbestos:
5340 str/iem2



Tallaboa Encarnacion Community
West of Street 2
Sampling Point: D-TEC-P0018-C2-ER12
Area Sampled 100 om’




MVA10666 22135
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1066622135 11-20-14 chrysotile str 001 m"

Full Scale 362 cis Cursor: -0100 (0 ofs)

structure 001




North Side of Olefin
Intersection of Road 384-385

Bus Stop
General View
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The Serpentine Family




Mg,(Si,0.)(OH),



http://www.mindat.org/min-2425.html

Mg,(Si,0.)(OH),

®© johnbetts-fineminerals.com


http://www.mindat.org/min-975.html

* Antigorite:
Mg,(Si,O0:)(OH),




Serpentinite




SERPENTINITES



IUGS peridotite classification
(Le Maitre 1989)

PERIDOTITE

(

olivine 7 '
orthopyroxenite \ /

/ / olivine websterite PYROXENITE

orthopyroxenite

\i clinopyroxenite
JAR websterite




Image © 2014 D
Imagery Date: 9/28/2014  lat 18.107844° lon -66.967163° elev w{SSb_




e Eleven (11) of them are still active

e #1, #2 and #3 in Cabo Rojo
e #9 in Sabana Grande

e #11,12,13,14,15and 17 in
Yauco

e #20 in San German.




Active Quarries in Puerto Rico
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Active Quarries in Puerto Rico
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Serpentine from Quarry 1, Yauco
R-Q1-AP4




Results of mineral samples

PLM Analysis

Results Additional Materials || SEMAnalysis | - TEM Analysis
i % Ashestos Observed Results Results
Non-fibrous Serpentine
Lo N (Lizardite), Magnetite v Composite Sample

Serpentine; Non-fibrous
Non-fibrous | (Lizardite) and

ogs| ok | NSNS zadie)and | o
rysotile | (Lizardte), Magnetite Fbrous (Chrysote)
(Chrysotie)
NA- Not Analyzed page 42 of |

NAD - No Asbestos Detected



SEM photo of fibrous and non-fibrous serpentine Lizardite (#1))
and Chrysotile (#2 and #3) detected during analysis of sample, R-

Q1-AP4
N\ J




p
SEM photo (left) and EDS spectra (right)of non-fibrous serpentine
(lizardite)detected during analysis of Quarry 1 sample R-Q1-AP4)
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SEM photo (left) and EDS spectra (right) of a fibrous serpentine
(Chrysotile)detected during analysis of Quarry 1 sample R-Q1-
AP4). Chrysotile appears to be a pseudomorph.

2N

19%kV ~ X1,500 10uym 0004 1066622285



A concrete plant (Hormigonera Mayaguezana) is present in the vicinity of the quarry suggesting
that the extracted material was crushed and used for commercial purposes (see photo below)
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AGGREGATES
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Results of aggregates samples

PLM Analysis

Results
% Asbestos

Additional
Materials
Observed

SEM Analysis
Results

TEM Analysis
Results

S-TEC-ARE-P0O006-ER1

Trace
Chrysotile

Plant Debris and Gravel -
Including: Carbonate,
Serpentine (Lizardite),

Magnetite

Non-fibrous (Lizardite)
and Fibrous (Chrysotile)
Serpentine; Other
Soil Minerals

Non-fibrous (Lizardite) and
Fibrous (Chrysotile) Serpentine
Particles, and Other Soil
Minerals

S-TEC-MEOL-
ER2

Plant Debris, Asphalt,
and Gravel - Including:
Quartz, Carbonate,
Serpentine (Lizardite),

Magnetite

Non-fibrous (Lizardite) and
Fibrous (Chrysotile) Serpentine
Particles, and Other Soil
Minerals

S-TEC-TNT-
SER1

Trace
Chrysotile

Plant Debris and Gravel
Including: Carbonate,
Serpentine (Lizardite),

Magnetite

Fibrous
Serpentine
(Chrysotile) and
Other Soil Minerals

Fibrous (Chrysotile)
Serpentine and Other Soil
Minerals

S-TEC-BV-S-
ER2

Trace
Chrysotile

Plant Debris and Gravel -
Including: Carbonate,
Serpentine (Lizardite)

Fibrous
Serpentine
(Chrysotile) and Other
Soil Minerals

Fibrous (Chrysotile)
Serpentine and Other Soil
Minerals

RX 10
Page 51 of 94
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Chrysotile from the left
side of the aggregate
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EDS spectra of fibrous serpentine-Chrysotile mineral
surface (right, area 2 ) and Lizardite (left, area 1).
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* Dust sample was
collected on the road
at the entrance.

* 290,000,000 str/cm?2

e Lizardite also Observed



* Dust sample was
collected on the road
at the entrance to

the parking.
e 75,000,000 str/cm2

e Lizardite also Observed



TSI FROM A
HIGH
DISTILLATION
STACK



e Tall structures Stacks/Tanks

e Chrysotile concentration are up to 40%,
Amosite is 5%

e Low structures (ground level) Boilers

e Chrysotile concentrations up to 5%,
Amosite 40%
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Bulk sample result of TSI on distillation tower

J

PUgA"?'VS'S Additional Materials | TEM Analysis Comments
| esls Observed Results
h Asbestos

Chrysotle with

40600 e Chrysotle | Calcium Sllcate
Chrysotle Defected | Binder Confimed
by SEN



4 TEM image (left) and EDS spectrum (right) of a h

representative Chrysotile fiber detected during
analysis of insulation sample BULK-OL-CHM4-ER2
\(MVA Z22753). No Aluminum or Iron peaks are visible./

ull Scale 145 cts Cursor: 0.000
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TEM-EDS Characterization (Elemental Weight %) of Chrysotile
Structures detected in insulation sample BULK-OL-CHM4-ER2 (MVA
Z22753)

J

 Structure | Mg | Si | Fe | Al |
| str001 [ 262249 | 0 | 0 |
| str002 [ 277 ]245| 0 | 0 |
| str003 [ 280|244 | 0 | 0 |
| str004 | 2851238 | 0 | 0 |
| str005 [ 260]255| 0 | 0 |
| str006 [ 284 ]241| 0 | 0 |
| str007 | 269 | 249 | 167 | 0 |
| str008 [ 280|249 | 0 | 0 |
| str009 [ 2731248 | 0 | 0 |
| str010 [ 2451270 131 ] 0 |
| str011 [ 2891233 0 | 0 |
| str012 [ 2511262 |18 | 0 |
| str013 [ 2821239 | 155] 0 |
| str014 [ 276 | 244 | 147 | 0 |
| str015 [ 276|245 [ 145] 0 |




COMPOSITION OF
THE SERPENTINES
FOUND IN THE
DUST SAMPLES



Table 3. EDS Characterization (atomic weight percent) of Chrysotile structures detected m
settled dust samples collected from outside and inside Olefins facility

MVA # AES Sample LD.
7194 D-EV-FP-ERI

75195 D-HS-PG-ER2

22127 D-JLPV-CRI19-1F-H-ER4
/72130 D-TEC-ARE-PO006-E-ER7
D-TEC-GULF-GS-ERS8

/2131

/72133 D-NOW-P0036-BS-ER10

72135 D-TEC-P0O018-C2-ER12

D-OL-SM-ER6
(*sample inside Olefins)

22377

Ave
Std. Dev.

Max

Min




COMPOSITION
OF THE
AGGREGATES



Table 9. SEM/ITEM-EDS Characterization (Elemental
Weight %) of Serpentine Structures Detected in

Aggregate Samples

Mg Al Si Fe (0] Ca S Type
26.2 05 246 2.3 46.4 — | Chrysotile (TEM)
Z2617 250 11 21.9 43 45.2 25 | Chrysotile (SEM) |
275 0.3 23.3 2.9 45.9 Lizardite (TEM)
22.7 2.6 214 5.8 45.0 26 Lizardite (SEM)
70618 | 207 0.9 23.8 438 46.4 16 19 | Chrysotile (TEM)
27.9 1.2 23.2 15 46.3 Lizardite (TEM)
- 23.3 25 45.9 — | Chrysotile (TEM)
26.1 2.1 23.0 25 46.3 — | Chrysotile (SEM)
27.7 25.3 47.0 — | Chrysotile (TEM)
72755 | _ _ __ _ __
25.0 0.8 22.9 3.0 45.6 2.7 — | Chrysotile (SEM)
RX 10

25.0 0.7 23.4 2.5 45.8 26 --- Chrfsgtdes 8SE RN




COMPOSITION OF
THE
SERPENTINITES
YAUCO/MEDIA
QEJADA AREA



Table 7. EDS Characterization (Elemental Weight %) of Fibrous and Non-Fibrous Serpentine
Structures Detected in Mineral Samples 22284 (RM-MC-AP3) and Z2285 (R-Q1-AP4)

Al Si Fe o)

TEM P001 28.7 0.0 22.8 3.0 456
TEM P002 254 1.4 22.4 5.7 451
TEM P003 24.9 0.0 25.1 2.9 46.4
TEM P004 25.8 1.1 234 3.9 45.8
TEM F0O1 30.5 0.0 19.6 54 442
TEM F002 271 0.0 22.8 4.1 455
TEM F003 25.6 0.6 222 71 44.6
SEM (3) Pt 26.1 0.8 23.7 2.4 47.0
SEM (3) Pt2 252 0.8 20.5 2.8 50.7
SEM (3) Pt3 259 0.8 243 3.2 458
SEM (4)_Pt1 25.7 0.7 21.3 2.9 494
SEM (4) Pt2 26.5 0.9 26.8 6.4 39.4
Ave 26.4 0.6 22.9 4.1 45.8
Std. Dev. 1.6 0.5 2.0 1.6 2.8
Max 30.5 1.4 26.8 7 1 507

Min 24.9 0.0 19.6 2.4 palec 03904
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Iron and Aluminum concentrations from Chrysotile containing dust
and aggregate samples

N

Mean, UCL and LCL values for Aluminum

Mean, UCL and LCL values for Iron in Chrysotile in Chrysotile fbers, Olefin Site, Penuelas

fibers, Olefin Site, Penuelas
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Iron and Aluminum concentrations of Chrysotile
and Lizardite in the samples from the source rock
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Fe Source Rock Al Source Rock
95% UCL 5.2 0.9
Mean 4.2 0.6
95% LCL 3.1 0.3




Aspect ratios for Chrysotile fibers
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ADDITIONAL SOURCES OF POTENTIAL
CONTAMINATION
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Presence of non-fibrous
(Lizardite) serpentine together
with fibrous (Chrysotile)
serpentine and Magnetite in

some of the dust samples
collected around Olefins
facility. Same minerals
association was observed in
the NOA source rock mined
from quarries located in SW of
Puerto Rico .




Presence of Lizardite, Magnetite
and Fe/Al bearing Chrysotile in
the aggregate samples collected

from gravel. The source of the
gravel is from the present/past
quarries located in the SW of
Puerto Rico. Both Lizardite and
Chrysotile were observed to be
present and closely intergrown.




Absence of Amosite
INn most of the dust

samples analyzed.




The direct correlation between

the Fe-Al content of Chrysotile
in aggregates with the Fe-Al
content of Chrysotile fibers
present in the dust samples.




AL-Fe Concentrations in
Serpentines present in
aggregates and  dust
samples-overlap

Al-Fe in TSI insulation-
low Fe, no Al.




Aspect ratios for Chrysotile fibers
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Process of alteration in
which the destabilization
of primary minerals
releases the iron and the
other elements
necessary for serpentine
formation.




[nsulation sample B-OL-PS408-ERS (MVA Z2372). Numbers denote areas where EDS spectra
were collected. Large bundles of amosite were identified in pointl. Diatoms were identified in point
2. Smaller amosite fibers with silicon-tich binder material ar¢ present in point 3,










Table 1. Summary of Bus Stop Bench Samples. Unless otherwise specified results (str/cm?) are
Chrysotile fibers.

TEM results

MVA # Sample 1. D. Sample Description Date Collected [str/em’]
Dust, stop bus bench, rd. 385 int.
with rd. 384, northwest of
_NOW- 36-BS- > ~r 201< :
Z2133 DLGW-ENnES-HRI0 Olefins, between 1 and 2 miles 02 October 2014 6.300
Z2136 BLK-FB-ER13 Field blank 02 October 2014 INAD (A.S. 250)
72374 D-385-W-ER1 Wipe 10 cm x 10 cm from bench 23 October 2014 RR0.000
- left side bus stop
Z2375 D-FB-385-ER2 Field blank 23 October 2014 INAD (A.S. 250)
72619 D-NOW-P0036-BS-ER1 _Duston bench-bus:stop 11 November 2014 [NAD (A.S. 4,200)
intersection Road 385/384
. Dust under bench bus sto
262 D-NOW-P0036-BS-ER2 p 11 November 2014 IN A
22620 intersection Road 385/384 Sl e
72621 D-FB-NOW-P0036-BS-ER3 Field blank 11 November 2014 INAD (A.S. 250)
72622 W-NOW-P0036-BS-ER  Wipeon heooh bas atep 11 November 2014 [880.000
intersection Road 385/384
S . : Wipe under bench bus sto
2623 W-NOW-P0036-BS-ER2 p p 11 November 2014 N A
Z20 intersection Road 385/384 XTI
72624 W-FB-NOW-P0036-BS-ER3 Field blank 11 November 2014 INAD (A.S. 250)
72710 D-NOW-P0036-BS-ER | _ Dust on bench bus stop 18 November 2014 [10.000
intersection Road 385/384
; 2 Dust under bench bus stop [N A
2 D-NOW-P0036-BS-ER2 18 November 2014
22711 & intersection Road 385/384 oNeTRE
Z2712 D-FB-NOW-P0036-BS-ER3 Field blank 18 November 2014 INAD (A.S. 250)
Wipe on bench bus stop 3000 ol
I N P & o = = e g ) / ~ , 1l
Z2713 W-NOW-P0036-BS-ER 1 intersection Road 385/384 18 November 2014 :hr} 5(;.1:194‘2;-‘:)%0
remolite-4.2
72714 W-NOW-P0036-BS-ER2 Wiapeunder bench bus stop 18 November 2014 [NA
intersection Road 385/384 IR
72715 | W-FB-NOW_-P0036-BS-ER3 Ficld blank 18 November 2014 [NAD (4 Zr.(f‘sgz

age

NA = Not analyzed. NAD = No Asbestos Detected (A.S. = Analytical Sensitivity)

of
Y
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