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Redefininq Our Futurc'

Good afternoon everyone, and welcome

The focus of my presentation is a fact-based, transparent account of the
industrial hygiene issues BP faced in the aftermath of the Deepwater Horizon
accident and our response to them.

I want to share with you some of the valuable insights we learned through
addressing an accident of this magnitude, and the implications they have for
how we will be addressing potential industrial hygiene ri,sks in the future.

4,300 miles of shoreline were surveyed, approximately 6,500 vessels
responded (23 times the active US Navy) and approximately 48,000 workers
worked 66.5 million manhours.

The industrial hygiene offshore response included mustering industrial hygiene
technicians and Certified lndustrial Hygienists with sampling equipment onboard the
offshore vessels. The sampling equipment included passive monitoring badges for
personal sampling and portable screening instruments for area samples. The first
offshore personal industrial hygiene samples were taken on April 27,2010.
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.Here is a chromatogram of MC 252 oil from a sample taken before the incident.

.Note how the chromatogram is defined by the normal alkanes (the lines labeled
"NC" with a number). The normal alkanes are the "book marks" for the
chromatogram, defining the most abundant compounds and "fractions".
.The gasoline fraction is defined between the NCS and NC10 peaks.
.The dieselfraction is defined approximately between the NC10 and NC20 peaks
'Note how most of this fresh oil consists of the gasoline and diesel fractions.
.Look at how the chromatogram forms a kind of "ski slope" from left to right. This
indicates that most of this oil is in the lighter range, as a result of which it
evaporates readily.
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.This chromatogram is from skimmed oil off of the sea surface not far from the
subsea well location. Note how much of the light fractions (gasoline range and
some diesel range) have evaporated. The strong peaks of the remaining normal
alkanes tend to indicate that although some biodegradation has occurred it is not
yet the dominant process.

'Note how the Unresolved Complex Mixture "hump" is developing as the oil
weathers. This hump becomes more prominent as other compounds weather out of
the oil.
.As the crude weathers generally, other compounds such as PAHs (polynuclear
aromatic hydrocarbons) also weather out of the oil.
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The initial lH response was
established approximately 50
m¡les offshore on the drilling and
response support vessels. The
lndustrial hygiene technicians were
transported to location v¡a helicopters
and were supplied w¡th portable, direct
reading screening instruments, and
passive monitors for full sh¡ft sampling
of response workers. The pass¡ve
monitors were sh¡pped back to shore
via helicopter, where they were
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On-$here FFH Ffiatrix

ln conjunction with OSHA, we developed PPE
matr¡ces for both onshore and offshore operat¡ons,
by task. The table here shows tasks by row
heading, and PPE choices by column headings.
The matrices were continuously revised based on
field conditions, operations, and incident
investigations.
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This next slide shows a map of the Gulf of Mexico and its shoreline from Louisiana
to the Florida Panhandle. The colored dots on the map show where the more than
28,000 benzene samples summarized on the previous slide were taken by BP. The
concentration of dots toward the bottom of the map represents samples that were
taken at or near the well itself.

The blue triangles that you see across most of the map represent the location of
worker benzene samples that were taken, but that are below the detection limit of
the analytical instruments.

The green triangles represent the locations for worker samples where the benzene
concentration is <0.05 ppm.

The yellow triangles are those benzene samples where concentrations are between
0.05 and the OSHA 0.5 ppm action level.

And the red triangles depict benzene samples above the 0.5 pprn action limit.

It is important to note that none of the benzene samples with results above the
action limit (0.5 ppm) occurred offshore. Six BP samples out of more than 28,000
resulted in benzene concentrations above the action limit and these occurred in the
Nearshore and Beach areas and were generally the result of refueling tasks.

OSHA, NIOSH and the USCG did not have any benzene samples above the action
limit.

Â
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Workers loaded dispersant on the spray planes using a closed pumping system
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Beach cleanup included the use of heavy equipment with dieselengines
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Aerial photograph showing beach cleanup workers with sorbent boom and vehicles
carrying personnel and supplies. Heat stress was a real concern for outdoor
workers due to the heat and humidity. A hydration station can be seen in the
foreground to protect the workers from the effects of the heat.
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During the Deepwater Horizon Response an extraordinary number of occupational
exposure measurements - over 28800 - were collected by BP.

The majority of the samples were analyzed for multiple analytes, which resulted in a
database consisting of over 164,000 records.

Governmental agencies - OSHA, USCG, and NIOSH - also collected personal (and area)
samples, but we will fìrst focus on the BP samples,

The BP database was created by and is maintained by the CTEH (Center for Toxicology
and Environmental Health).

2?
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0.5 ppm ACGIH 24,788 281S Æs 141 L4 6

ACGIH 28788 27654 1103 25 1 I
20 ppm ACGIH 28788 28279 503 1

100 ppm AC6IH 287SO 2747t 914 5

100 ppm ACGIH 3721 3359 362
Cru<le O¡l ¿n<l

Fue¡s 85 ppm NIOSH 3209 512

50 ppm ACGIH 3721 3029 692

dlst¡llates N¡OsH t4 16 I

50 /\CGIH 3725 3688 37

hydr@rbohs 100 ppm 24791 24109 318 28 L4

25 ppm acGll 3721 3424 3 1

5 NIOSH
DIspffints

t0 ÀIHA I

B@m Repdr
200 ppm ACGIH I 5 4

5 5

Dæontaminafion 30 ATHA 244 100 92 ,t0 6

ts¡r $ubstanee,(aE &Ralyeed ta date)

BP collected occupational measurements primarily for the volatile organics -
benzene, toluene, ethyl benzene, xylenes, total hydrocarbons, and other petroleum
related substances - as well as substances associated with the dispersants and
decontamination-cleanup activities: 2-butoxyethanol, propylene glycol, and
limonene. Several other substances were either detected or monitored and are
listed in the database.

This table summarizes the BP data as analyzeei to date, showing the number of
measurements that fell within each of the AIHA exposure categories, relative to the
indicated OEL, or the number of measurements that were non-detects.

The OELs shown are either those used by lncident Command as Action Levels or
are conservative limits drawn from the ACGIH, AIHA, and NIOSH guidelines.

?4
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44 -444
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0.9s3

3,175

42,105

9.725

t8.557

r3.760

55.s56

97.742

100-000

96.075

79,4

98 232

92.018

9rt.808

90.27!

99.007

Eó.240

36.842
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o.292
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This table is the same as before, but showing the percentage of measurements that
were either non-detects or detects that fell within each AIHA exposure control
category-

Given the high percentage of non-detects - for example, greater than 95% for
BTEX - the calculation of standard descriptive and compliance statistics is
problematic. Non-parametric descriptive and compliance statistics can be
calculated, but will not be presented here.

lf we were to assign AIHA exposure categories to the overall exposures by
substance, the exposure ratings for nearly all substances would be Category 1; that
is, the 95th percentile exposure was less than 1Qo/o of the OEL.

Perhaps the best overall summarization is to say that for all substances in the
database 95% or greater of the measurements were either non-detects or less than
10% to 50% of the listed OEL, with only a few measurements approaching or
exceeding the OEL.

25
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BF fúeas$rements for B.enaene (ppnrÌ

During the response, 28,788 personal samples were analyzed for benzene.
The samples were collected in the breathing zone of workers in the three work
zones of the response: Beach, Nearshore, and Offshore.

Of these, 28,138 results (97.7Vo) were below the limit of quantitation (or limit of
detection) of the ana lytical i nstrumentation.

The average limit of quantitation for Beach and Nearshore samples was
<0.012 ppmfor 12-hoursamples, which is about 1/40 of the OSHAAction
Level, and 1/80 of the OSHA permissible exposure limitfor benzene (1 ppm).

The limit of detection appl¡cable to Offshore samples was approximately 1/4h
of the limit of quantitation for equal sample times.
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BP personal benzene measurements (n=28788), by Zone.
(blue = non-detect, green = (detects0.5 ÞÞm), red =

..F

'Tta:T

F#

n=19112

'Ja

n=S3l

X

10m

1.CCC0

otm

001c0

ocûl0

0cm1

Eo
o_

oc
a
N

c)
û)

GhdeBÊæh t\kslse
T¡rre

..,. 
:(detect>0.5 ppm))

Exposure Limits:
lncidentAction L¡mil = 0.5 ppm

ACGIH TLV = 0.5 PPm
OSHAPEL = 1 ppm

BF Meast¡renÌents fer Benaene (ppnnÌ

This figure summarizes the 28,788 industrial hygiene personal samples for
benzeñe collected (as of March 2012). The 'Y' axis represents the
concentration of behzene ¡n parts per million. The horizontal line at 1 ppm
represents the OSHA Permissible Exposure Limit, while the line at 0.5 ppm
indÍcates the OSHAAction Level as well as the ACGIH TLV. The'X'axis
indicates the exposure zone: Beach, Nearshore, or Offshore.

To visually indicate the number, range, and magnitude of the measurements
we used ã 'Tittered-dot density plot".-Blue X's répresent benzene samples that
were non-dêtects . Green O's represent samples in which benzene was
detected. Red O's indicate samples that were detects that also exceeded the
lncident Action Level of 0.5 ppm. (Note that we used the non-detect value
unchanged, without dividing by 2 or square root of 2, as is common in
occupational epidemiology. )

Only one of the more than 28,000 measurements exceeded the OSHA
permissible exposure limit of 1 ppm, and only a handful exceeded 0.5 ppm.

It is worth noting that if the weathered crude oil was truly the source, or a
significant source of benzene (and other volatiles) one would expect to see the
higher benzene measurements in the offshore dataset. But this was not the
case, which reflects the figure shown earlier showing that the more volatile,
lower molecular weight organics were not present in the weathered crude oil.

This same effect was noted by NIOSH, in their report on the Exxon Valdez
surface spill that occuned in 1989. NIOSH concluded that the "weathered
crude oil...was found to be essentially devoid of the lighter, more volatile,
petroleum fractions". Benzene was detected in personal breathing zone (PBZ)

gasoline powered engines was the most likely source- The data here support
a similar conclusion.
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These
the BP
tables.

figures summarize the BP measurements for all of the substances in
database, expressing in visual form the information in the previous

The y-axis is in terms of the Hazard Ratio, which is the OEL divided by
concentration.

A red marker above a Hazard Rat¡o of 1 indicates that the measurement was a
detect and that it exceeded the OEL for that location, job-task, shift, and
worker combination. The blue markers indicate non-detects, while the green
markers indicate detects that were less than the OEL.

CONFIDENTIAL B P- HZN - 217 9MDLO847 1 e7 5



0.134

tanker

95.000

1s64 0.384

3

7

40

40

?

84

I
485

100.000

100.000

5.000

t.293

100,000

98.210

88.889

99.584

mudvæl
¡n-situ

0-412

1.407

BS ãene- .loþ"task, snd $ubstgncesþenäenff
Offshere {as anelyxed te date}

Overall, the exposure data were low, with the majority being non-detects, but we
can look at the data by Zone and Job-task to determine if there are any
combinations of Zone and Job-task that were associated with generally higher
measurements.

This table surnmarizes the Offshore benzene data, organized by Jobtask.

We created a "refueling" task to reflect any activity that was either directly related to
refueling, or during that day involved the maintenance of engine fuel systems,
handling and transfer of fuel, etc.

2q
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100.000
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This table summarizes the Nearshore benzene data, organized by Job-task

While the data for the "refueling" task had higher percentages in the exposure
categories for detects, there were detects for most of the other tasks.

It is worth noting that most of the vessels involved in Nearshore activities, such as
scouting and skimming, were smaller ships, most of them wene "vessels of
opportunity".

Such vessels were refueled often, perhaps daily. ln addition, many of these vessels
used gasoline powered equipment.

?n
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This table summarizes the Beach (i.e., land-based) benzene data, organized by
Job{ask.

The "refueling" task had higher percentages in the exposure categor¡es for
detects, but as with the Nearshore data, there were detects for most of the
other tasks..

Beach cleanup activities involved the use of ATVs and gasoline powered electric
generators, the refueling of equipment, and fuel storage. ln addition, heavy
equipment was often used to load, haul, wash, and/or sift beach sand.

?1
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We can also look at the data organized by State and Location, to determine if there
are any combinations of State and Location that were associated with generally
higher measurements.

Here for Louisiana the percentage of non-detects and detects is similar for all
locations.

The results are much the same for each state.

The Louisiana results continue on the next slide

?2
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Overall, 98.8% of the measurements were non-detects.
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We see the same pattern for Mississippi, where 99.5% of the measurements were
non-detects...

?4
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For Alabam a 99.4o/o were non-detects.
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-and for Florida 98.9% were non-detects
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The database could not be statistically analyzed or summarized without first
organizing the data into useful categories.

Given the number of occupational health consultancies and field personnel involved
it was not a surprise to find a wide variety in the field reports regarding naming
conventions, job task descriptions, and spellings for each combination of Location
and Job-task,

We organized the data, making it suitable to analysis, by adding uniform Location
and Job-task names- All such "reassignments" are recorded in a master
spreadsheet, which at this point has over 7000 rows.

However, we did not change the original entries within the CTEH database. (ln fact,
we do not have access to the database and can not change any entry.)

Whenever the Location and/or Job-task was ambiguous the final determination
usually involved checking the location using the GPS coordinates for the sample, as
well as reviewing the comments and remarks that the field personnel may have
added to the field survey forms. Occasionally, we had to look at the originalforms,
particularly if we suspected a transcription error.

?7
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Another database issue involved the Limit of Quantitation. The laboratories used by
BP, OSHA, and the USCG reported the non-detects at the "limit of quantitation".

Unless requested otherwise, this is standard practice for analytical laboratories.

NIOSH calculated their nondetects down to the "limit of detection", which can be
considerably less than the LOQ.

These two figures plot the "sample time" versus the "benzene concentration".
Recallthat the blue X's indicate non{etects.

The BP, OSHA, and USCG non-detects, based on the limit of quantitation, do not, in
general, go below 0.01 ppm. The NIOSH non-detects - shown in the red square -
are considerably lower, as they were based on the limit detection.

Bureau Veritas analyzed the BP Offshore and many of the BP Nearshore samples.
Since Bureau Veritas was also the contract laboratory for NIOSH, we asked Bureau
Veritas to determine if was possible to calculate approximate "minimum detection
limits" from the available instrument calibration data.

?R
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The answer was "yes", given that similar equipment and cal¡bration curves were
used for the analysis of both the BP and NIOSH samples.

Bureau Veritas recalculated the Offshore (and sorne of the Nearshore) data and
provided estimates of the LODs, which were then turned into "minimum detectable
concentrations" using the sample volumes.

The end result was that the non-detects in terms of the LOQ could now be
expressed as non-detects ¡n terms of the Limit of Detection. ln many cases, the
mass of benzene detected now exceeded the newly calculated limit of detection
resulting in measurements that can be classified as "detects".

We did not change the original detects or non-detects in the database. We simply
added, through CTEH, additional variaþles reflecting the recalculated concentration
values. Also note that these calculations did not affect the original detects, only the
non-detects.

The overall effect can be seen in the figure on the right. Many of the original non-
detects truncated at the 0.01, 0.02, and 0.03 ppm levels (in the figure on the left)
can now be expressed as non-detects (or in some cases as detects) at somewhat
lower levels.

For the tables and figures in this presentation we used the original detects and the
recalculated non-detects.

?q
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OSHA, the USCG, and NIOSH also collected occupationalexposure data

The OSHA data, which is available on the OSHAwebsite, consists of both personal
and area samples, as well as readings from direct read¡ng instruments,

. -.and were collected primarily from Nearshore and Beach (land-based) operations,
such as beach cleanup, boom deployment, oil scouting and skimming, and
vessel decontamination.

The earliest and last measurements were collected on May 27 and
September 6,2010.
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The USCG data, which is also available on the OSHAwebsite, consists of the
personal samples collected from USCG personnel" The USCG samples were sent
to the OSHA SLC laboratory for analysis.

The earliest and last measurements were collected on June 14 and July 2,
2010_
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CONFIDENTIAL B P- HZN- 217 9MDLO 847 1 e I I



ÐalahasE

'- No.sarnple or taho¡*lsry numbor

- - 2,577 reéadg; feprcg.enting roughty. >soo samplê$
. - 840 records fró{n pêrsonal sailìples
, - 1,737 recordsfrom generet area semples

tscumartatias
: ÞEtâg.€t ánd â s€rlo-ê of rêpÕite atq avaìláble online.

- Fie[d notç-s a¡d laÞo|alory r'aiulls are on fite-

Substançes mon¡tored
*. BTËXandothersrganiçs

- oispersatK
-' DecóBiarninatiofl ågenls
.. Dieee[êxhaqçt

- Tötalhydroqarborìs, totál FAHS, HaS

'- ManI rìûi€cellanequs compûunds

Laboratqries
.," FtilÉârr VåFi+ãÊ

Qther SecupatieRa[ Expæure Þatasefs - NIS.$H

NIOSH was requested by BP to "evaluate potential exposures and health
eftects among workers involved in Deepwater Horizon Response activit¡es".

NIOSH collected occupational exposure data during the...
spraying of dispersants,
Controlled oil burns,
oil skimming,
VoO operations,
source controf operations (drilling and collection of oil from the well head),
animal clean¡ng and rehabilitation,
beach cleanup, and
vessel and equipment decontamination.

The earliest and last measurements were collected on June 4 and August
10,2010.
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We downloaded the OSHA, USCG, and NIOSH databases. Each database
contained exposure data on the analytes of primary concern. The government
databases contained a few measurements for other analytes. The substances of
primary interest are highlighted in each dataset above.

All of the OSHA measurements were either non-detects or below the evaluation
criteria. OSHA concluded that there was a "low risk of chemical inhalation'
and the greater potentiml risk to health was related to the heat stress
exper¡enced by the response workers.

Early on, the USCG concluded that the two primary potential hazards
affecting Coast Guard personnel were heat stress and fatigue. USCG
analyses revealed that VOCs, such as BTEX, and inorganics, such as
hydrogen sulfide and sulfur dioxide, were not detectable in or above the
weathered crude oil, having already been dissolved in the water column as
the crude oil rises to the surface, or rapidly evaporated once at the surface

4?
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ln additionalto area and personal breathing zone samples, NIOSH collected
screening samples (Summa canisters and thermal desorption tubes).

The personal and area samples were analyzed for a range of targeted
substances, including BTEX, total hydrocarbons and dispersants (2-
butoxyethanol and propylene glycol).

All measurements, with the exception of carbon monoxide, were either non-
detects or considerably less than the applicable OELs.

There were several measurements of carbon monoxide, collected us¡ng
directing reading instruments, that exceeded the NIOSH REL (35 ppm TWA;
200 ppm C). These measurements were associated with the use of gasoline
engines.

NIOSH also pointed out in their various reports that employee smoking was
common and that smoking cessat¡on programs should be considered.
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These figures summarize the more than 29,000 industrial hygiene samples for
benzenetaken by BP, OSHA, the U.S. Coast Guard, and NIOSH.

The Deepwater Horizon wellwas capped on July 1sth, 2010. The graphs
represent samples primarily collected between May and September, 2010.
(BP continues to collected samples from the ongoing beach cleanup
activities.)

All but one of the OSHA and USCG measurements for benzene were non-
detects, as were most of the BP and NIOSH samples.

Key points: The job-tasks sampled by OSHA, the Coast Guard, and NIOSH
were similar to the jobtasks sampled by BP. The monitoring results of all four
organizations were consistent. The ovenruhelming number of samples were
non-detects, with a few detects approaching or exceeding the 0.5 ppm Action
Limit.
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These figures summarize the nearly 1300 industrial hygiene samples collected
by NIOSH, the Coast Guard, OSHA, and BP for 2-butoxyethanol and
propylene glycol.

The horizontal line across the top of the two figures on the left shows the 2-
butoxyethanol NIOSH Recommended Exposure Limit of 5 ppm (the OSHA
Permissible Exposure Limit is 50 ppm).

The horizontal line across the top of the figures on the right shows the
propylene glycol AIHA Workplace Environmental Exposure Level of 10 mgim3
(there is no OSHA PEL for propylene glycol).

The results for the four organizations are consistent, leading to identical
conclusions. The detects for both substances were below the exposure limits
by about an order of magnitude. The AIHA exposure rating would be
Category 1 for these substances; that is, the 95th percentile exposure was less
than 10% of the OEL.
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In summary ... the combined database - consisting of BP, OSHA, USCG, and
NIOSH measurements - probably represents the largest occupational
exposure dataset ever assembled for a single incident.

For most substances measured, particularly those of primary concern, the
overuhelming fraction of the measurements were non-detects.

The small percentages of detects were not excessive, rarely exceeding half
of the OEL, and did not appear to be associated with any particular exposure
zone, job-task, or location, with the possible exception of the jobtask of
"refueling" related activities.

The BP, OSHA, USCG, and NIOSH measurements tell the same story and
lead to the same conclusion.

That is, potentiat risk due to occupational, inhalation exposures appears to
have been low. The higher exposures were neither excessive nor frequent
Heat stress and fatigue were identified by all participating parties as the
primary concern during the response effort.

It should be noted that exposure via the dermal route of exposure was
minimized or eliminated by the extensive use of gloves and other personal
protective clothing, as well as the non-presence of the lower molecular
weight hydrocarbons in the weathered crude oil.
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