























A ROSPIFLONY dISOMETS oottt 26

AGL - TYPES OF IESPIFAOrY ISOTErS .vvovcnes oo oo 26
A9.2. SCASONANINLENCE vttt 27
A4.3.  Trends in hospital visits for Fespiratory disorders ... 28
A5 Reproductive disorders and birth efects ... 29
A>L REPIOUUCHIVE GISOTETS ..o oo 29
AS2 B BOFECHS oottt 29
A6 HAWKSDIN HEalth ClNIC Aata ..o 30
AGL: RESPITALONY GISOTURTS vttt 30
Ab.2. Persistent RUNNY OF ITAted EYES w...ovvoovvvrecocveenrssosceseser s 31
A3 KN GISOTAEIS .ottt 32
A6.4, Headaches and unexplained VOMIting..........c.oocevevvvccvorvenesosoeeees oo 32
ANNE Bttt sttt s et 33
Chemtical source inventory, gualitative €xposure assessment, and sampling strategy ................ 33

B1. Pastand current industrial activities in the Freeport Industrial Park ... 34
B2. Chemical source/emission IVENTONY ceovvivrie v 36
B3. Qualitative exposure assessment for Pinder’s Point, Lewis Yard, and surrounding areas ........... 37
B SAMPING SUBLERY .ottt 40
ANNEX Gttt ettt oo 41
QUANTIEGLIVE XPOSUTE BSSESSMENE e ocrsrrnsessoesess s 41

Ol WRLET BNAIYSES ottt e 42
CLL MENOOIOBY vttt oo 42
C1.2.  Results of the water BNBIYSES 11vvrre vt 43
€2 PASSIVE AT SAMPING...r oottt s 44
€21 MEHOOIORY ..ottt e 44
C2.2.  Passive air SAMPING FESUIS. vt 47
€3 ACHV BT SAMPING w1ttt 51
€31 MEHNOUOIOBY oottt 51
G2 ACHVE I SAMPING FESUMS ..ot oo 52
ANNEX Dottt sttt oo 53
Anecdotal information from FeSideNts .............uwevcesmomroossesosoooo 53

DL ANGCAOLEI INFOMELION vttt oo 54
DLL - CREMICA] SOUPCES ..ottt et s oo 54
D12 HEAIN EfECtS oottt e oo 55



e AT i SR . R AR i

B 55
D1.4. Odor nuisance report/complaint inventory mid June — end November 2015 .................... 56
ANNEX Bttt st 57
REFEIBMCES ..ottt sttt 57



























ANNEX A

Epidemiological and demographic review
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ANNEX B

Chemical source inventory, qualitative exposure assessment, and
sampling strategy
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Although the company name suggests otherwise, there are no current refining
activities. The refining unit has been demolished in 2009. Petroleum products (both
crude and refined) are imported from overseas and unloaded at the jetties in the
ocean on the South side of the island and pumped through offshore pipelines onto
land, into bunkers, of which there are about 84 on the BORCO property. Blending
occurs on site and both bended and unblended products find their way back to the
jetties, where they are loaded for transport to other locations. Crude oils processed
include both sweet and sour oils, i.e., both sulfur-poor and -rich ones.

Generation of electricity by the Grand Bahama Power Company (EST 1967). The
power company generates electricity by combusting a heavy oil product {Bunker C),
which is stored on site in bunkers. Combustion gases are emitted through about 5
chimneys located on the property.

Production of polymers by Polymers International (EST 1994). This company
produces polystyrene products (beads, pellets, lids, etc).

Production of bulk pharmaceutical ingredients and registered intermediates by
PharmaChem Technologies Limited (EST 2006). The plant on the 62-acre large site
currently produces tenofovir disoproxil fumarate, the active ingredient in HIV/AIDS drugs.
Mining of limestone by the Bahama Rock company. This company applies blasting to
produce rock material. Mega-cranes and large trucks are operational on the site for
excavation and transporting activities.

Transshipment and handling of containers in the Freeport container Port (EST 1996).
Ship-building and repair in the Grand Bahama Shipyard (EST 1999).

Past industrial activities, in addition to the above, have included:

Refining petroleum products. The refining activities took place on the current BORCO
property.

Previous owners of the PharmaChem pharmaceutical company have produced
naproxen and steroid products.

Other previous pharmaceutical companies have produced antioxidants (Uniroyal;
1991-2001), cimetidine (Franklin Chemicals; 1981 - 1986), and Ceflosporine antibiotic
(Gist-Brocades; 1987 - 1990).
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aerosols that may be inhaled, such as PAHs in smoke. This may occur for the
chemicals from the Power Company emissions. However, it should be noted that
these chemicals are emitted through the company’s chimneys and will generally be
diluted right away in the air and transported away from the island by the Bahamian
winds. According to previous reports/memos, in wintertime, deposition of the
emissions in the residential areas may however potentially occur. Still, because of the
height of the chimneys, the distance of the sources to the residential areas, the
prevailing winds, and the open location of the residential areas, generally, PAH
concentrations in the residential areas are expected to be lower than those in the
city, where PAH leveis are often high due to traffic. This applies to PAHs in general,
also those emitted by PharmaChem (combustion), aithough this company is situated
somewhat closer to the study area and its chimney is lower. Also important to realize
is that PAHs are also produced by the residents themselves through traffic, fires, and
smoking. Hence, any exposure assessment could not be linked to the industrial
sources. Finally, it should be mentioned that the bicavailability of PAHs is generally
very low, since they are bound very tightly to their carrier {smoke, soot) particles
{(Jonker and Koelmans, 2002; Cornelissen et al,, 2005). Inhalation of particles
containing PAHs thus does not imply health effects related to the presence of these
chemicals per se.

Exposure to chemicals through contaminated soil is not very likely because of the
following reasons: (i) severe soil polfution may only be present at certain ‘hot spots’
{e.g., oil pollution at the BORCO and Power Company property, specific chemicals at
the PharmaChem property). The study area residents do not have access to these
sites and thus cannot be exposed to any chemicals present at these hot spots; {ii}
soils in the residential areas may only receive chemicals from diffuse sources instead,
and therefore potentially contain only low concentrations of chemicals; (iii) these
chemicals {e.g., petrochemicals from BORCO or chemicals produced by combustion)
would be introduced via the air. The petrochemicals would be volatile chemicals that
do not tend to accumulate in soil. In particular at the high temperatures occurring in
Freeport throughout the year, these chemicals will accumulate in the air and not in
soil. In case petrochemicals end up in soil anyway (e.g., though spilling whole
product), the volatile fraction will evaporate readily and the remaining fraction may
be expected to degrade relatively rapidly, again considering the high temperatures.
Only non-volatile and very persistent chemicals (i.e., chemicals that hardly do
degrade) would accumulate in soil. An example would be for instance DDT, but
similar chemicals are not being intentionally produced in the Freeport Industrial Park.
Some chemicals formed during incomplete combustion at the Power Company or
PharmaChem’s incinerator (e.g., PAHs} are persistent in soil, but as described above,
these are not very likely to settle to and accumulate in soils of the residential areas to
a large extent. It should also be noted that these chemicals also find their origin in
any other combustion process, such as traffic and open fires. Both are
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present/occurring in the areas to a relatively large extent (there are many cars in the
areas and residents have been observed to burn waste), just like in any other
residential area. Any of the chemicals that would be detected thus could not easily
be linked to a specific source. Furthermore, it should be noted that in particular
chemicals formed during incomplete combustion are generally very strongly bound
to their carrier material {soot), which strongly reduces their availability for biologicat
uptake (Jonker and Koelmans, 2002; Cornelissen et al., 2005); (iv) the ingestion of soil
by humans is low. There are only very few gardens in the areas in which residents
grow vegetables {ingestion of soil may come through vegetables). Combined with the
presumed low concentrations of chemicals and the low bioavailability of any
combustion-derived chemicals, soil is therefore not considered an important source.
Likewise, food is not a likely source of chemicals from the industrial Park for similar
reasons: (i} only few residents of Pinder’s Point have trees with coconuts, mangos
and other fruit, which are being consumed. Other types of food are not being
cultivated in the area, at least not to a considerable extent. As such, food cannot be
considered a generic exposure route for chemicals produced in the Industrial Park. It
could only play a role for specific residents; {iij however, as described for soil above,
airborne, volatile chemicals do not tend to accumulate in this food at the high
temperatures. Uptake of chemicals from soil and accum ulation in the fruit is not very
likely, as concentrations in soil can be expected to be low and fruit is not a preferable
medium for hydrophobic chemicals (those that potentially could accumulate in soil)
to accumulate in. Considering the presence of the BORCO jetties in the ocean and the
reported oil spills at sea, fish could be a source of hydrophobic petroleum
hydrocarbons, as these chemicals tend to accumulate in fish, However, according to
the residents from Pinder's Point, there is no/hardly any fishing activity along the
coast anymore, since they believe that the fish is polluted. Few individuals may do
some fishing next to the lighthouse in Pinder's Point, butit is unclear if they consume
what they catch. Also of note, fish migrate and it will be impossible to link any
accumulated chemicals to a specific source in the industrial park (they might also
have accumulated the chemicals in the open ocean or in another harbor, where
petrochemicals will also occur through shipping activities - bunkering, bilge water
spills). In summary, food is not considered an important or unambiguous source of
chemicals from the Industrial Park.

Residents may be exposed to chemicals through water, gither by drinking,
washing/cleaning, or recreational activities. The majority of residents in Pinder’s
Point and Lewis Yard, and presumably all residents of Hawksbill and Wellington, use
city water or bottled water for drinking purposes. This water may be assumed free of
chemicals from the Industrial Park, although it cannot be ruled out that water pipes
carrying the city water may be in contact with contamination in soil at very specific
locations (e.g., free petroleum product close to the BORCG property). The pipes in
Pinder’s Point and Lewis Yard seem to be made of plastic, which basically is
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ANNEX C

Quantitative exposure assessment
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toncentrations the Radiello sampling cartridges can be exposed for 8 h to 30 days, with 7
days being the jdeal exposure duration.

least 6 months {http: www.radiello.com/english cov_chim en.htm). The cartridges were
then extracted according to the standard Radiello protocol, with some minor modifications.
First, 1.8 mL of carbon disulfide (CSy; ReagentPlus; low benzene; Sigma-AIdrich) was added
to the glass tubeg containing the Cartridges, foliowed by the addition of 200 uL of internal

175 °Cin the splitless mode {splitless time 120 sec) on a SGE HT-g column (50m x 0.22mm x

with MassHunter software and 3| peaks were integrated manually.  Calibration was
performed based on 3 7-point calibration curve {run in at jeast tripiicate} of which the
standards had been contacted with Radiellg cartridges to correct for extraction recoveries
(see Radiello protocol). The quantified chemical masses were translated to concentrations in
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Analytical problems also occurred for benzene. This compound could not be quantified in
most extracts due to a high background in the extraction solvent {CS;) used. Although this
solvent concerned a certified ‘low-benzene’ product and the lot number received had been
approved in the IRAS laboratory by quantifying benzene in one of the bottles, another
individual bottle (of the same lot number) later on appeared to be contaminated with
elevated levels of benzene. Exactly this bottle was used for the extraction work and thereby
caused high benzene levels in all extracts. An official claim has been filed at the producing
company (Sigma), who has meanwhile admitted that there were problems related to the
benzene background in this solvent batch, but this obviously does not restore the benzene
results. BTEX compounds are however known to occur in air in more or less fixed ratios,
depending on their source (Liu et al., 2008). For instance, toluene/benzene (T/B) ratios are in
the range of 1-12 (Liu et al., 2008; Khoder, 2007; Hsieh et al., 2006; Kerchich and Kerbachi,
2012). This implies that benzene concentrations are at most equal to those of toluene, but
generally lower by up to a factor of 12. Note that the benzene concentrations quantified at
locations A-2 through A-4 are consistent with this ratio range, but that those quantified at
locations A-1, A-16, and A-17 are lower than what would be expected based on these
general BTEX ratios. Most probably this is due to the larger error associated with subtracting
the high background values (resuiting in an underestimation of actual benzene levels).
Combining the knowledge about BTEX ratios with the results in Table C2, one can roughly
estimate the benzene concentrations in the samples. In ail cases, the estimates are below 20
ug/m? and thus well below the Reference Concentration (RfC) for benzene in air, as set by
the USEPA, which measures 30 ug/m3. Benzene concentrations at or below the RfC are not
likely to cause adverse health effects, according to the USEPA. The same applies to toluene
and ethylbenzene, compounds for which the RfCs measure 5000 and 1000 pg/m?,
respectively. For benzene, being a carcinogenic compound, the detected/estimated
concentrations (being below USEPA cancer thresholds 4.5 and certainly 45 pg/m’) would
result in not greater than a one-in-a-10,000 to 100,000 increased chance of developing
Cancer upon continuously breathing the air {http.//www3.epa.gov/airtoxics). As the
population in the residential areas amounts to about 3000, increased cancer rates thus are
not to be expected under the detected exposure conditions. The same conclusion follows
from the reverse calculation: The increase in the lifetime risk of an individual who is
continuously exposed to 1 pug/m? of benzene in the air over his lifetime is 2.2 x 10° to 7.8 x
10°, according to the USEPA. This implies that at an exposure concentration of benzene of 1
ug/m® 2 to 8 additional cases of cancer would be expected in a population of a million
people, being continuously exposed to this concentration over the entire lifetime. In the
residential areas, holding about 3000 inhabitants, a constant, lifetime exposure benzene
concentration of about 700-2600 pg/m® would therefore be required to cause the additional
cancer risk. This concentration range is orders of magnitude above the detected/estimated

benzene concentrations.

Based on the above and because for none of the other VOCs RfCs are available, the vOC
concentrations that were detected in the air of the residential areas and the Freeport
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