


UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

WASHINGTON, DC 20460
&
@
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R T OFYICE OF
PRLVENTION, PESTICTOLS.
AND TOXIC SURSTANCES
May 12, 2009
MEMORANDUM:
SUBJECT: Review of “Assessment of Potential Inhalation and Dermal Exposure to
Zinc Pynthione During Qutdoor Painting of Ship Hulls with Coramercial
Antifoulant Paint Contatning Zinc Omadine™
TO: Heather Garvie, Chemical Review Manager

Regulatory Management Branch 11
Antimicrobials Division (7510P)

FROM: Timothy Dole, CIH, Industrial Hygienist {:“"7&‘7 o, e
/)
!

Regutatory Management Branch 11
Antimicrobials Diviston (7510P)

THRU: Timothy Leighton, Senior Scientist .- .\
Regulatory Management Branch 11 L o N
Antimicrobiatls Division (7510P)

DP Barcode: D311326

Pesticide

Chemical/No.: Zinc pyrithione (ZPT)/ 088002
MRID No.: 467070-01

Aftached is a review of the above mentioned study. The primary review (Attachment 1) was
written by Versar, Inc. and the secondary review was written by the Antimicrobials Division. An
ethics review (Attachment 2) was also written by the OPP Human Research Ethics Reviewer.
This review concluded that “Although there are many significant gaps in the documentanon of
the ethical conduct of the study, there ts no clear evidence that the research was intended to harm
participants, or that jt was fundamentally unethical in other ways.”
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Secondary Review of MRID 467070-01“Assessment of Potentizal Inhalation and Dermal
Exposure to Zinc Pyrithione During Outdoor Painting of Ship Hulls with Commercial
Aantifoulant Paint Containing Zinc Omadine”

The objective of this study was to quantify dermal and inhalation exposures during the spray
application of antifouling paint to the hulls of commercial cargo and passenger ships. The ships
were painted with an EPA registered paint formulation (#2693-187) that contained 3.80% zinc
pyrithione (ZPT) and has a coverage of 130 fi? per gallon. Exposure monitoring was conducted
at shipyards in Boston, Massachusetts (Trials A and D) and Freeport, Grand Bahama (Trials B
and C). The Boston shipyard contained an excavated drydock and the Freeport shipyard
contained a floating drydock.

Study Conditions

A total of 49 experienced workers in three job categories (pot man, spray man and line tender)
participated in this study. The workers were monttored for 1-2 consecutive work cycles each
over one or two test days and each work cycle consisted of the application of one coat of paint.
One to three crews were monitored during each work cycle and each crew consisted of one to
two members of each job category. Painting was done with airless spray guns without wands,
fed by high-pressure hoses from compressed air-powered portable air pumps operating at 3,500-
4,500 psi. The work cycle durations ranged from 57 to 412 minutes and the surface area painted
per person ranged from 5,000 to 13,800 ft>. The amount of ai handled per work cycle ranged
from 9.82 t0 39.2 fbs, 5.97 to 24.4 Ibs; and 5.10 to 39.2 Ibs for the pot men, line tenders and
spray men respectively. A summary of the conditions of each trial is given in Table 1.

Table 1 — Shipyard Study Conditions

Overspray
Trial Ship Type Gloves Enclosure Notes
A Cruise Ship, Cotton work Plastic Same yard as Trial D. Entire hull below waterline
630’ long, gloves with sheeting with | was painted (27,600 f%) with two coats. One coat
91" beam, rubberized SOme gaps | was applied each day and each day was a work
20" draft palms cycle. Some overhead spraying was required to paint
the bottom of the hull.
B Mega Yacht, | Gauntletstyle | Plastic tenting | Same yard as Trial C. Entire hull below waterline
171" Jong, Nitrile with small | was painted (6400 i%) with three coats. One coat
32 bearn, exhaust fan | was applied on day one and two coats werc applied
10' draft on day two. Each coat was a work cycle
C Cargo Ship, | Gauntlet style | No sheeting or | Same Yacd as Trial B. Hull area = 5000 fi*. Two
90" long, Nitrile tenting used | coats were applied: one in early aftemoon and one in
33' beam, evening. Each coat was a work cycle. Spray men
14’ draft also did line tending,
D Cruise Ship, | Gauntlet style Plastic Same yard as Trail A. Narrow band at waterline
614" long, Nitrile sheeting with | painted (6800 R%) with two coats over two days.
92.5" beam, more gaps than | Each coat was a work cycle. No overhead spraying
20’ draft Trial A.

was required.
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Sampling and Analytical Methods

To measure dermal exposure, workers wore 100% polyester whole-body dosimeters under clean
work clothes, covered by a Tyvek® hooded coverall. Workers also wore a pair of 100%
polyester dosimeter gloves under either work gloves with rubberized palms (Trial A) or Ansell
#92-600 gauntlet-style nitrile gloves (Trials B, C and D). Two 100 cm® 100% polyester pads
were used to monitor head and neck exposure. One pad was placed on the back of the work shirt
and the other was placed on the front of the coverall. [nhalation exposure was monitored using
37-mm glass fiber filters in closed face cassettes positioned jn the breathing zone. The flow rate
of the sampling pump was calibrated to 1.5 liters per minute.

The samples were collected, handled and analyzed in accordance with validated methods as
described in the study report. Field and laboratory fortification samples were generated at two
levels (2X LOQ and 150X LOQ) for each matrix. The results of the field fortification samples
indicated that the recoveries were generally above 90% and that the fortification levels matched
the dostmeter residue levets. The head/neck patch resjdues; however, were orders of magnitude
above the highest field fortification levels.

Exposure Calculation Methods

The dermal exposures were calculated by adding the measured residues (i.e. ug/sample) of the
whole body dosimeters and glove dosimeters to the estimated residues derived from the head and
neck pads. The estimated residues were derived from the head and neck pad results (in ug/cm?)
by multiplying by the surface area represented by each pad. The surface area of the front of the
head and neck was assumed to be 605 cm? based upon the area of the face not covered by a
respirator (70% of 650 cm?) and the area of the front of the neck (150 cm?). The surface area of
the rear of the head and neck was assumed to be 760 cm” which includes 650 cm? for the rear of
the head and 110 cm? for the back of the neck. The dermal exposures are expressed as a unit
exposures by dividing the amount of exposure by the amount of ai handled. During Trials A and
D, one sample (i.e. monitoring unit) was collected per worker per day and during Trials B and C
one or two samples per worker per day were collected. If two samples were collected per
worker per day, the dermal exposures were calculated by averaging the two samples.

The nhalation exposures are expressed as time weighted average (TWA) air concentrations and
include all of the samples collected on a worker for a workday. The TWA was calculated using
the following formula:

TWA = (Sample Time#] * Air Concentration#1) + (Sample Time#2 * Air Concentration#2)
(Sample Time#1 + Sample Time#2)

To provide a basis for comparison to the ZPT inhalation toxicology endpoint, that is expressed as
an human equivalent concentration (HEC), eight hour TWAs were also calculated. The 8§ hour
TWA was calculated for samples of greater than six hours duration by assuming zero exposure
for the un-sampled portion of the workday to account for setup and cleanup time. The 8 hour
TWA was calculated for samples of less than six hours of duration by assuming six hours of
exposure to the measured concentration and two hours of zero exposure.
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Results and Discussion

A summary of the results are included in Tables | and 2 and detailed listings are included in
Appendix A. The maximum exposures occurred at Trial B because the work area was enclosed
with plastic sheeting to contain overspray. The exposures were much lower for Trial C, which
was conducted at the same shipyard as Trial B, because the work area was not as enclosed. The
dermal exposure differences between Trials A and D were caused either by better gloves being
womn during Trial D and/or by the fact that the entire hull below the water line was painted
during Trial A, which required spraying upward to the bottom of the huli, while during Trial D

only a band along side of the hull at the waterline was painted. These differences were most
pronounced for the linetenders and potmen where the exposures were an order of magnitude

lower for Trial D.

In many cases, the head and neck accounted for a significant portion of the dermal exposure.
This is most pronounced for Trial B where the head and neck accounted for 90 to 98 percent of
the dermal exposure. The head and neck was also a major contributor to the dermal exposures
measured during Trial D when nitrile gloves were substituted for rubberized cotton gloves.

Table 1 - ZPT Shipyard Study Dermal Unit Exposures (mg/lb aj)

*

Trial | Job n Whole Body Gloves Head/Neck Total Dermal
Dosimeter
Range AVG Range AVG Range AVG Range AVG
A SM 6 0.12-1.0 0.36 0.36-2.3 1.2 0.07-2.2 0.55 0.62-52 22
LT 5 0.11-039 0.28 0.4]-43 1.6 0.05-14 0.67 1.3-45 2.5
PM 5 0.02-0.13 0.07 0.18-1.7 0.67 0.04-0.13 0.07 0.38-1.8 0.8
B SM 4h 0.6-33 1.5 0.05-0.2t 0.12 34-10.8 6.1 44-123 7.8
LT 4° 02-0.6 0.45 0.02-0.12 0.05 0.06 -16.2 2.7 04-10.7 3.1
PM 58 0.13,0.14 0.13 0.0004, 0.002 | 0.001 0.02,0.03 0.02 0.14,0.17 0.16
C M| € 0.21 NA 0.023 NA 2.69 NA 2.92 NA
LT 1€ 0.19 NA 0.014 NA 0.22 NA 0.42 NA
PM 1€ 0.15 NA 0.006 NA 0.10 NA 0.25 NA
D SM 4 0.04-0.16 0.09 0.08-0.31 0.19 03-33 1.5 06-34 1.8
LT 3 0.01-0.26 0.10 0.005 - 0.019 0.014 0.02-0.28 0.11 6.07-030 | 0.22
PM 5 0.003 -0.01 | 0.006 | 0.001-0.004 0.003 | 0.013-0.52 | 0.030 | 0.02-0.06 | 0.039

A. Six samples were collected for the two SM and LT workers during Trial B. One sample per worker was collected on 1/4/2005 and
two samples per worker were collected on 1/5/2005. The two samples taken on 1/5/2005 were averaged.
B. Three samples were collected for the one PM worker during I'ial B. One sample was collected on 1/4/2005 and two samples were
collected on 1/5/200S. The twa samples taken on 1/5/2005 were averaged.
C. Two samples were collected for each worker during Trial C. Both were collected on 2/9/2005 and were averaged.

*Job: SM = Spray Man, LT = Line Tender, PM = Pot Man
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Table 2 — ZPT Shipyard Study Inbalation Expasures (ug/m")

Trial JOb‘ Sample Duraﬁo‘nA ZPT TWAB ZPT 8 Hr 'FWAC (ug/ma)
(Minutes) {ug/m
n Range Avg Range Avg Range Avp
A SM 6 254-375 299 22.2-120 75.7 16.5-50 56.8
LT 5 262-412 343 243434 134 18.2-353 109
PM 5 267-365 325 13.9-23.1 18.5 10.4-17.3 13.9
B SM 4 161-130 116 3812-6333 5274 2859-5228 3955
1T 4 101-130 116 141-2074 756 106-1555 480
PM 2 101,130 116 105,118 112 79, 89 84
C SM I 138 NA 396 NA 297 NA
LT 1 138 NA 56.7 NA 42 NA
PM 1 138 NA 30.4 NA 38 NA
D SM 4 157-203 182 21.7-955 68.5 16-72 51
LT 3 92-211 164 1.1-10.1 47 0.8-7.6 3.6
PM 5 151-214 187 0.7-1.7 L.l 0.5-1.3 09

A.  The sample daration inclirdes the total time of all of the samples collected on a worker for a workday. One samgple per worker
per day was collected v sites A and ) and ong or two samples were collected per worker per day at sites B and C.

B. The time weighted average (TWA) air concentrations includes all of the samples collected on a worker for a workday

C. The 8 hour TWA was calculated for samples of greater than six hours duration by assuming zero exposure for the un-sampled
portion of the workday to account for setup and cleanup time. The 8 hour TWA was calculated for samples of less than six hours
of duration by assuming six hours ol exposure to the measured concentration and iwo hours of zero exposure,

*Job: SM = Spray Man, LT = Lin¢ Tender, PM = Pot Man

Statistical Considerations

A statistical analysis will be performed to review the accuracy goals for occupational handler
studies that have been discussed with the EPA Scientific Advisory Pane) (SAP) and the EPA
Human Studies Review Board (HSRB) and to determine which statistics should be used in
assessing exposures. This analysis will be written as a separate report.

Limitations and Uncertainties

This study has the following limitations and uncertainties:

s [tisnot known if this study is representative of all shipyards where ZPT antifoulant
paints mught be applied.

s [t is not known if the high results for the head and neck area are due to actual exposures
or if they are an artifact of the patch method of monitoring.

¢ Itis not clear which workers correspond to which monitoring units because a ist that
links workers 10 monitoring units was not provided in the study report.

¢ The entire workday was not sampled which leads to uncertainty in the inhalation
exposure 8 hour TWAs. This situation is most significant for sites B and C where the
total sample duration ranged from [0 to ]38 minutes per worker per day.

Conclusions

This study meets most of the applicable series 875 guidelines and is acceptable for use in risk
assessment provided that the above mentioned limitations and uncertainties are considered.
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EXECUTIVE SUMMARY:

The objective of this study was to quantify the dermal and inhalation exposure encountered by dry dock workers
performing the essential tasks for the commercial application of antifouling paint to portions of the hulls of
commercial cargo and passenger ships. Exposure moritoring was conducted at shipvards in Boston, Massachusetts
(Trials A ang D) and Freeport, Grand Bahama (Trials B and C). These facilities were selected to represent a range
of geographic locations, formulations used, vessel types treated, and application parameters. The ships were painted
with either Intersmooth® 460 SPC antifouling paint or Interlux Micron® 66 antifouling paint, formulated with Zinc
Omadine Power AF, both of which contain 3.80% zinc 2-pyridinethiol 1-oxide). The mean amounts of Monitoring
was conducted in November 2004 (Trial A), January 2005 (Trial B), February 2005 (Trial C), and April 2005 (Trial
D).

A total of 49 experienced dry dock workers participated in the study. The test subjects represented three dry dock
Job categories: pot man, spray man, and line tender. The workers were monitored for 1-2 consecutive work cycles
each over one or two test days. Treatment was conducted by airless spray guns without wands, fed by high-pressure
hoses from compressed air-powered portable air pumps operating at 3,500-4,500 psj. The work cycle durations
ranged from 57 minutes to 6 hours 52 minutes and the surface area treated per person ranged from 5,000 to 27,604
ft’. The pot men handled 9.82 to 39.22 ibs ai; line tenders were exposed to 5.97 1o 24.36 Ibs ai; and spray men
applied 5.10 10 35.22 1bs ai.

To measure dermal exposure, workers wore 100% polyester whole-body dosimeters under clean work clothes,
covered by a Tyvek® hooded coverall. Workers also wore a pair of 100% polyester dosimeter gloves under either
work gloves (Trial A) or Ansell #92-600 gauntlet-style nitrile chemical resistant gloves (Trials B-D). Two 100 cm?
100% polyester pads were used to monitor head and neck exposure. One pad was placed on the back of the work
shirt, the other exposed on the front of his coverall. Inhalation exposure was monitored using an air sampling train
consisting of a 37-mm binder-free glass fiber filter in an opaque, conductive polypropytene cassette attached to the
front of the worker’s coverall in the warker's breathing zone. The outlet tube was connected to a second cassette
containing a mixed cellulose ester filter, then by Tygon and viny! tubing to a Buck Model §.5.™ ajr sampling pump
worn on his belt. The pump was calibrated to deliver an air flow rate of approximately 1.5 liters per min. (LPM).

Versar estimated dermal and inhalation exposure values as ug/1b ai handled. Average field fortification recoveries,
calculated by fortification level and matrix from each tria) separately, were used to adjust the field residues if the
recoveries were less than 90%. To calculate the inhalation exposures, Versar adjusted the {low rate of each worker
by an average breathing rate of 0.0167 m’/min. for light activities. The Registrant provided dermal and inhalation
exposure values expressed as g/lbs ai handled and pg/kg body weight/Ibs ai handled. The Registrant corrected the
raw field data based on average field fortification recoveries of the appropriate matrix exposed in the field on the
same day. Adjustments were not made when recoveries from the field control samples were >100%. Inhalation
exposures were normalized for the pump flow rate of 1.5 L/min. to a breathing rate of 1,500 L/hr for moderate
activities, then by adjustment for standard worker body weight (70 kg).

Versar used the Shapiro-Wilks test on both non-transformed and log-transformed data to test for normality and
lognommality, respectively (tested for p>0.05 and p>0.01). These tests were conducted for total potential dermal
exposure (expressed in terms of ug/lb ai). When the data were grouped by job function across all trials, significant
non-normality was found for all jobs, and no significant non-lognormatity was found at the p>0.05 significance
level. When the data were grouped for each trial across all job functions, significant non-normality was found for ali
trials, and no significant non-Jognormality was found at the p>0.0S significance level. These results suggest that the
data for a given job function or for a given trial are lognormally distributed. Therefore, the appropriate measure of
central tendency for data grouped by job function or by trial is the geometric mean. |EPA Note: The appropriate
measure of central tendency will be determined based on a separate statistical analysis.|

Exposure values were summarized two ways: by trial and by job function. When summarizing exposures over a
single trial, it was assumed that the job functions performed by the replicates were representative of the type of work
typicalty performed in painting operations, and that the work was divided in a representative fashion. Therefore, the
geometric mean was taken over all workers. When summarizing exposures for a given job function over all trials, it
was assumed that each trial had equal weight, regardless of the number of replicates momitored for each trial.
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Therefore, for a given job function, four geometric means were calculated {one for each trial) and the arithmetic
mean of the four geometric means was calculated as a summary statistic.

Dermal exposure was estimated by measuring residues on or in inner whole body dosimeters, head/neck pads, and
dosimeter gloves, The overall geometric means for total dermal exposure were 1,410, 1,530, 639, and 177 ug/lb ai
for Trials A, B, C, and D, respectively. The overall arithmetic means of the geometric means for each job function
were 284, 2,904, and 1,030 ug/Ib ai for pot men, spray men, and line tenders, respectively.

Versar calculated hand exposures based on dosimeter gloves collected for each of the worker replicates. The overall
geometric means for hand exposure were 823, 21.0, 7.0, and 16.0 ug/Ib ai for Tnials A, B. C, and D, respectively.
The overall arithmetic means of the geometric means for each job function were 130, 311, and 285 ug/1b aj for pot
men, spray men, and line tenders, respectively.

Versar calculated head/neck exposures based on head and neck pads collected from each of the worker replicates.
The overall geometric means for head/neck exposure were 182, 552, 359, and 102 ug/lb ai for Trials A, B, C, and D,
respectively. The overal} arithmetic means of the geometric means for each job function were 50.6, 1,940, and 266
ug/lb aj for pot men, spray men, and line tenders, respectively.

Inhalation exposures were catculated by both the Registrant and Versar from the breathing-zone air concentrations
determined from the amount of ZPT found in the air sampling tubes. The overall geometric means for inhalation
exposure were 10.7, 113, 11.4,and 1.40 pg/lb zi for Trials A, B, C, and D, respectively. The overall arithmetic
means of the geometric means for each job function were 4.34, 184, and 26.2 ug/lb ai for pot men, spray men, and
line tenders, respectively.

This study met most of the Group A, 875.1100 (dermal exposure - outdoor), 875.1300 (inhalation exposure -
outdoor), and 875.1600 (application exposure monitoring data reporting) Guidelines. The major issues of concern
are: (1) For Trial A, the test subjects wore work gloves, rather than chemical-resistant gloves while they worked,
These gloves were made of heavy cotton knit with rubberized palms that appeared to be somewhat absorbent,
according to the study author. As a result, subjects in this trial experienced the greatest hand exposures; (2) For
laboratory fortifications, only 1 to 4 replicates were run for each fortification level per matrix. which varied among
each trial. For field fortifications, only 3 replicates were run for each fortification level per matrix. The guidelines
specify that at least 7 samples should be run for each fortification level; (3) Personal air sampling pumps were set to
produce an airflow of 1.5 L/min., rather than 2.0 L/min. specified in the guidetines; [EPA Note: The airflow
requirement of 2.0 L/min is not applicable to this study because the analytical method had an adequate LOD
with airflow used.] and 4) Air sampling filters were capped and stored frozen in individually in a fresh, locking
polyethylene storage bags prior to extraction. Heavy filter paper was not used |EPA Note: The polyethylene bags
are preferable to paper filters because they provide an airtight seal to prevent sample contamination].

COMPLIANCE:  Signed and dated GLP, Quality Assurance, and Data Confidentiality statements were
provided. The study sponsor waived claims of confidentiatity within the scope of FIFRA
Section 10(d) (1) (A), (B), or (C). The study sponsor and author stated that the study was
conducted under EPA Good Laboratory Practice Standards (40 CFR part 160), with the
following exceptions: 1) the quantities of test substance required to treat the commercial
vessels could not be conveniently prepared, analyzed, and transported especially for this
study; therefore, the test substance used consisted of lots of the antifouling paint that were
onsite or delivered just prior to testing; 2) GLP-compliant data on test substance purity,
expiration dates and other relevant characteristics were not available for the Jots of test
substance used in this study; 3) the test substance was delivered to each test site in large
numbers of comainers that could not be stored per 40 CFR §160.105(c); 4) one sampfe of
each ot of the test substance was collected for archival storage and later analysis with the
exception of the 2-gallon MICRON 66 Lot DK6602 used in Trial B; 5) The paint application
equipment at each site was not configured to permit GLP-compliant calibration, and therefore,
was not calibrated prior to each application of the test substance for this study. Tnstead, study
personnel collected copies of measurements of the thickness of applied paint films at each
trial; 6) subject body weights were obtained at each test site using commercial scales that
were not calibrated per GLP; and 7) Two dataloggers used to record sample freezer
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temperatures during Trial C were lost in transit from the test site; therefore, data they had
retained were lost. The study author stated that none of the deviations had any significant
impact on the results and validity of the study.

GUIDELINE: The study was reviewed using OPPTS Test Guidelines Series 875, Occupational and
Residential Exposure Test Guidelines, Group A: 875.1100 (dermal exposure - outdoor),
875.1300 (inhalation exposure - outdoor) and 875.1600 (Appilication exposure monitoring

data reporting). A compliance checklist is provided in Appendix A.

I. MATERIALS AND METHODS
A. MATERIALS
1. Test Material:

Each test substance (paint) was formulated with the manufacturing use product Zinc Omadine Power AF which
contains 95% of the active ingredient, zinc pyrithione (zinc 2-pyridinethiol-1-oxide; ZPT). All paints used in the
monitoring study were obtained from Intemational Paint, Inc. The specific antifoulant paints used at each test site
are detajled below:

Trials A and C:
Formulation:

Product Codes:

Nominal ai content:

Other Relevant Information:

Intersmooth 460 SPC Antifouling Paint
BEA4568 (brown) and BEA469 (red)
3.80% ZPT by weight

EPA Reg. No.: 2693-187

EPA Est. No.: 2693-NJ-1

Trial B:
Formulation: Interlux Micron 66 Antifouting Paint
Product Codes: YBA473 (black)

Nominal ai content:

Other Relevant Information:

Trial D:
Formulation:
Product Codes:
Nominal ai content;

Other Relevant Information:

3.80% ZPT by weight
EPA Reg. No.: 2693-187
EPA Est. No.: 2693-NJ-1

Intersmooth 460 SPC Antifouling Paint
BEA462 (blue)

3.80% ZPT by weight

EPA Reg. No.: 2693-187

EPA Est. No.: 2693-TX-!

2. Relevance of Test Material to Proposed Formulation(s):

According to the Study Report, the test products were Intersmooth 460 SPC Antifouling Paint (brown and red),
Interlux Micron 66 Antifouling Paint (black), and Intersmooth 460 SPC Antifouling Paint (blue) containing 3.80%
by weight of the active ingredient, zinc pyrithione (ZPT).

3. Packaging:

Intersmooth 460 SPC Amtifouling Paints (BEA468 and BEA469) were packaged in 5-gallon cans; Interlux Micron
66 Antifouling Paint (YBA473) was packaged in 1-gallon cans; and Intersmooth 460 SPC Antifouling Paint
(BEA462) was packaged in 20-L cans.
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B. STUDY DESIGN

There were eight amendments to and twelve deviations from the study protocol. Detailed explanations of the
changes can be found in the study report (pages 233-391). The study author stated that these changes did not appear
to adversely affect the outcome of the study.

1. Number and type of workers and sites:

Based on preliminary studies by the Sponsor and observations of commercial ship hull painting operations by the
Study Director, the following three positions were selected for exposure monitoring as representing those likely to
experience the maximum exposure during stip hufl painting: pot men (15 workers monitored), spray men (18
workers monitored), and line tenders (16 workers monitored). Each test subject in Trials B and C could be assigned
10 one of the individual positions; however, in Trials A and D, subjects ofien performed the tasks associated with
multiple positions during each work cycle. Therefore, subjects in each work cycle of Trials A and D were identified
for the purposes of the study according to the task on which they spent the majority of time during that work cycle.
Specific details about each test subject was not provided.

The test sites used in the study were located at shipyards in Boston, Massachusetts (Trials A and D) and Freepont,
Grand Babama (Trials B and C). Each shipyard included a dry dock, in which the target ship was positioned for
treatment; facilities for receiving and storing paint containers before use; roll-off trash containers for removal of
empty paint cans; and a source of compressed air to operate paint application equipment. The layout of the
shipyards are details in Figures 2 and 3 of the study report (pages 55-56).

The Boston shipyard contains a graving (excavated) dock built in 1908. The dry dock is 1176 ft long, 124 ft wide,
and 44 fi deep. During treatment, each test vessel was supported on a series of approximately 4-fi high wood and
concrete blocks, 10 allow the flat bottom portion of the vessel to be painted. To prevent escape of spray particles
during the treatment process, personnel rigged cables from the sides of the dry dock to attachment points above the
water line on each ship’s hull, from which plastic sheets were suspended to partially isolate the hull portions being
painted. The sheets did not extend to the floor and were not attached to one another along the vertical edges;
therefore, a continuous breeze within the dock moved the sheets about, intermittently teaving large openings.

The Freepont facility includes a floating dry dock buitt in approximately 1971. The dry dock is 176 ft long and 52 ft
wide, with 22-f high side walls. This dock can be partially submerged to allow the ship to be treated to sail over the
dock floor, after which it is refloated to raise the ship above the water level. During treatment, each test vesse) was
supporied on a series of stacked wooden blocks to allow the flat bottom of the vessel to be painted. For Trial B,
personnel rigged plastic sheeting from just above the waterline of the ship’s hull to the floor of the dock, and taping
adjacent sheets, sealing the area to be painted except for a small open flap serving as a door. An exhaust fan
removed gir from the treating area. For Trial C, no sheeting was applied to the treating area.

2. Meteorology:

During the study, personnel monitored and recorded test site outdoor air temperature, relative humidity, wind
direction, wind speed, and cloud cover at 30 minute intervals using a calibrated hand-held Kestrel® 3000 weather
meter at the field control sample site for each trial. Table | provides meteorological data pertinent to the study.

Page S of 39
Attachment (1)



Average
; Maxinmwm | Minimom Wind | Maximen
Trisl [Work Cycle] Locastion | Temperanwe | Temperature i Humidiry Dhrection [Wind Speed|
%) %)
ot
o, 5 - A - N :
Dy dock” ” $:1 ! o | :
I
k
“'EE' M 517 (H 1 SE-RW ¢l
A
Dry dock® £ b4 L 4 W 24
) HITI::JTE B 9 B4 §2 K ENE Ak
" Frekd Spoke
P - E - 1% 4 e 61 NE-SW 147
C B2 F":.’jlz‘h s o4 ik 43 SE-E 17
Faghd Spike :
I £17 44 3 19 i E Il
o F L&'
2 tTmSEH &6 7 14 37 4 E &

' Tharwg Tral & persnasgl sallecied e bfher dita vothan tsg dny dock gunng inemcnl, thed wid pod repessed S pthes il
dise 16 Lhe ﬂlﬂ'hul:- dfl:epm; senioms choar nf paimn paaouiEe s Durited Bpplsl foon

A Replicaten!

A prral of 49 replicates were momibored over oo (nals cansguing of 15 pod men, 18 cpray men, and 16 ling wenders
Fach test sabpext s | nals B and & wire assignad o oee ol the indavadual positions, heweves, m Trials 4 and 13,
swikhecti ofien performed the tsks assocmted sath mylbple podinond during each work cvcle Thereforr. dubjeetd i
gpch work gyole of Tnaly A sng D were wtennficd for the purpnsgs nl the sudy according o the gk o wdich ey
spend the maporsty 0f lune during thal wawk cyvcle  Phe work ere were sdorored fon 122 consecolree work cycles
tach dves i 0 Peell bl davs  Treatmeenl wobs covaductid By pirlesi spray guns without wands, fed by Tagh-piésdure
hobes From comaressed Bir-pouered portable ar pumpl cperaung 8t 3 2004 500 pai. The work cvole durmions
ranged froen |7 mamgmes w0 § howrs 52 mmuses and (he sregn rrated renged brom 5000 10 17604 ' The pos men
handied 7 L2 w19 12 B, bne tender, were evposed i 97 10 24 b s o 2l spray mew applemd % 100 1% 22
L

4. Protscive Clothing:

Workers wuore & 100 polyester. whobe-hody dosuameien [ HEE cotasong of & MWedalsill- =550 boag-siomerd
unddralum pnd #2000 long pants, The WELD wiag weorm under the 160 pubpects” work clothing. wheth cohiiiied of
cithier i 100% foren flannel shin and 100% congr jeams (Tred 4% & 100% conon shan-clecved work g and

1 Bl coltsm taill work pants | Trals Boand £ or o B0 cotiem tee slort and | 0% coflon jeane A dispossbic
Tovek® hovnted coverall was worn over thi workers' clitiung  |n sddiven, workers wore § paer of dogmdter gloves
cudtom=rr anufctured from Sdedalin B30 pobespter fabng under enher werk gloves (Treal A or Anee 1l 08 5l
pauntler-atyie niinle chemcal resstani gloves | Troals B-T3)

3. Moamored Pogitions:

P Mo
b e fosrmmabated s subabare e from fbe shofage atwa o e A o Wading site . A ued 1he sl Lulsiber e sl

Esdadid of ik the spray couEpment. optriked apiy dquapmend bed performed manbenaics B reduired. £keaned ihe
spras syuem o e ond of the work ovcle, handled wied ren sobsanee SontEinery
Fage b of 19
Ammchnsert i 10



Spray Men:
Prepared, cleaned, and operated spray guns to apply the formulated test substance; operated the mobile access
platform when necessary to move from work site to work site; cleaned the spray gun at the end of the work cycle.

Line Tenders:

Performed tasks such as feeding hoses from the applicator unit to the spray men; freeing hoses caught on debris or
equipment; carrying portable electric lights to illuminate areas to be sprayed; operating the mobile access platform
for the spray men; fetching cans of the test substance for the pot men; and/or clearing debris and unused equipment
from the work sites.

6. Application Rate:

The formulated test substance used for each trial consisted of cans of commercial antifoulant paint. For Trial A, the
test substance consisted of lots of Intersmooth 460 SPC Antifouling (33 5-gallon cans of dark brown on Day 1, and
29 cans of dark red on Day 2), applied to a cruise ship. fn Trial B, a privately-owned megayacht was treated using
lots of Micron 66 (98 1-gallon cans), a formulation essentially identical to the SPC products in ZPT content, but
with a slightly different solvent system. Trial C utilized only SPC dark brown (10 5-gallon cans), applied to the hull
of a commercial cargo vessel. For Trial D, a portion of the hull of another cruise ship was painted with SPC dark
blue (15 20-L cans).

In lieu of applying analyzed lots of the formulated test substance to cach test ship, study personnel weighed each
container before and after use, and calculated the quantity used during each work cycle based on those weights. To
determine the quantity of ZPT applied during each replicate, study personnel collected samples of each lot of paint
used at each site and analyzed the samples for ZPT concentrations. The mean ZPT concentrations of the lots applied
in Trials A, B, C and D were 3.70%, 3.53%, 3.58%, and 4.04%, respectively. The total ZPT applied in Trials A, B,
C, and D was 147 Ibs,, 47.1 Ibs., 20.4 1bs., and 34.0 lbs, respectively.

7. Exposure monitoring methodology:

[nner Dermal Dosimeters: Inner whole body dosimeters consisted of a2 100% polyester, Medalist® #3500 long-
sleeved undershirt and #5500 fong pants. These were womn directly underneath the outer
clothing and Tyvek coverall. At the end of the monitoring period, the inner dosimeters
were carefully removed in a designated preparation area, which was lit only with
incandescent [amps to minimize photodegradation of ZPT on the exposed matrices.
Study personnet helped the test subject remove and place the whole body dosimeter on a
non-contaminated surface for processing. The study personnel cut the dosimeter top
along the shoulder seams to produced a sleeve pair and a torso top. The dosimeter
bottom was folded in half lengthwise, and cut at the crotch to produce a leg pair and a
torso bottom. The scissors were rinsed in fresh 30:70 DMSO:acetone and dried with a
fresh paper towel before cutting.

Each arm patr, leg pair, torso top, and torso bottom were placed into individual
polyethylene storage bags, tabelled, and placed inside a second locking storage bag. All
the samples were placed jnto a 1,000-1b. capacity plastic cooler with dry ice (Trials A and
D) or in an electric chest freezer (Trials B and C) operating at <0°C prior to shipment to
the analytical laboratory.

Head and Neck Pads: Head and neck pads consisted of a 4 inch x 4 irch piece of Medalist R-29 polyester fabric
stapled to a backing sheet of glassine. One pad was pinned to the front of the coverall
and the other was fastened to the rear of the work shin just below the neck opening,
representing uncovered face and neck front, and covered head and back, respectivetly.
The patches were exposed facing out. At the end of the monitoring period, the pads were
removed from the worker by study personnel wearing fresh disposable gloves. The pads
were placed into individual polyethylene storage bags, labelled, and placed inside a
second locking storage bag. All the samples were placed into a 1,000-1b. capacity plastic
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Gloves:

Inhalation:

cooler with dryv ice (Trials A and D) or in an eleciric chest freezer (Trials B and C)
operating at <0°C prior to shipment to the analytica) laboratory.

Prior to each work period, the workers washed their hands with soap, rinsed with distilled
water, and then dried them with fresh paper towels before putting on the dosimeter
gloves. These gloves were custom-manufaciured from Medalist R-29 polyester fabric
and were worn under either work gioves (Trial A) or Aasell £92-600 gauntlet-style nitrile
chemical resistant gloves (Trials B-D). At the end of the monitoring period, the gloves
were removed from the worker by study personnel wearing fresh disposable gloves. The
pads were placed into individual polyethylene storage bags, labelled, and placed insjde a
second locking storage bag. All the samples were placed into a 1,000-1b. capacity plastic
cooler with dry ice (Trials A and D) or in an electric chest freezer (Trials B and C)
operating at <0°C prior to shipment to the analytica) {aboratory.

Air concentrations of ZPT were monitored in the worker’s breathing zone using a
personal air sampler (Omega Specialty Instrument Co NS-FPL033750MC or equivalent)
consisting of a 37-mm binder-free glass fiber filter v au opague, conductive
polypropylene cassette attached to the front of the coverall as close to the breathing zone
as possibie with the intake facing downward. The outlet end was connected 10 a second
cassette containing a mixed cellulose ester filier (for back pressure maintenance only),
then by Tygon® and viayl tubing to a Buck Modet S.S.™ air sampling pump worn on the
worker’s belt, outside the Tyvek coverall. For Trial A, the sampling pump was wom
inside the coverall, and the air sampler’s Tygon hose protruded through a small slit cut in
the fabric of the coverall ans sealed with duct tape to prevent contamination. The pump
operated at a flow rate of 1.5 liters per minute. The flow rates were calibrated at the
beginning and end of each exposure period.

At the end of the monitoring period, the air pumps were tumed off and removed by study
personne} wearing fresh disposable gloves. They recorded the stop time, removed the
sampling train, determined and recorded the pump’s flow rate, and recorded the screen-
displayed battery tevel and sampled volume. The air sampling cassettes were capped,
placed into individual polyethylene storage bags, labelled, and placed inside a second
locking storage bag. All the samples were placed into a 1,000-1lb. capacity plastic cooler
with dry ice (Trials A and D) or in an electric chest freezer (Trials B and C) operating at
<0°C prior to shipment to the analytical laboratory.

Field monitoring was conducted on November 6-7, 2004 for Trial A, on January 4-5, 2005 for Trtal B, on February
9, 2005 for Trial C, and on April 16-17, 2005 for Trial D. For Trial A, samples were received by the analytical lab
on November 9, 2004. The time from sample collection to extraction ranged from 10 to 29 days. For Trial B,
samples were received by the analytical lab on January 13, 2005. The time from sample collection to extraction
ranged from 13 to 20 days. For Trial C, samples were received by the analytical lab on February 15, 2005, The
time from sample collection to extraction ranged from ]9 to 21 days. For Trial D, samples were received by the
analytical lab on April 18, 2005. The time from sample collection to extraction ranged from 26 to 48 days.

8. Analytical Methodology:

Extraction method(s):

Inner Dosimeters — Dosimeter sections were placed jnto a 2.5-L amber wide mouth
bottle. Appropriate amounts of 30:70 DMSQO:Acetone extraction solvent was added to
the bottle (see Table below), the bottle was capped with a PTFE-lined lid and shaken for
30 minutes at room temperature. An appropriate amount of the derivatizing solution,
containing 50 ppm monobromobimane (MBB), 2000 ppm EDTA and 5% acetonitrile in
water, was added to the extraction bottle (see Table below). The samples were shaken
for ap additional 20 minutes to complete the derivatization. An aliquot of the extract was
collected for HPLC analysis.
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) Extraction Solvent (ml. Derivatizing Solution (mL
WBD Section (30:70 DMSO:Acetone)) “DSM™ )
Torso 900 1350
Divided Pieces of Torso Top 600 900
Arm Pairs 800 1200
Torso Bottom 800 1200
Leg Pairs 300 1200

Detection method(s):

I{ead and Neck Pads — The pad was placed in an 2-0z. amber glass bottle. Thirteen mL
of the 30:70 DMSO:Acetone extraction selvent was added to the battle, the bottle was
capped with a Teflon-lined lid and shaken for 30 minutes at room temperature. Twenty
mL of the derivatizing solution, containing 50 ppm monobromobimane (MBB) and 2000
ppm EDTA, was added to the extraction bottle. The samples were shaken for an
additional 20 minutes to complete the derivatization. The sample was filtered and an
aliguot of the extract was collected for HPL.C analysis.

Dosimeter Gloves — The glove pair was placed in an 8-0z amber glass bottie. The
DMSO:Acetone extraction solvent was added (160 mL) to the bottle, the bortle was
capped with a Teflon-lined lid and shaken for 30 minutes at room temperature,
Derivatizing solution, containing 50 ppm monobromobimane (MBB) and 2000 ppm
EDTA, was added (240 mL) to the extraction bottle. The samples were shaken for an
additional 20 minutes to complete the derivatization. The sample was filtered and an
aliquot of the extract was collected for HPLC analysis.

Air Sampling Filters — The air filter was removed from its cassette, separated from the
support pad and placed in an amber 2-0z. glass bottle. Thirteen mL of the 30:7¢
DMSO:Acetone extraction solvent was added to the bottle, the botile was capped with a
Teflon-lined lid and shaken for 30 minutes at room temperature. Twenty mL of the
derivatizing solution, containing 50 ppm moncbromobimane (MBB) and 2000 ppm
EDTA, was added to the extraction bottle. The samples were shaken for an additional 20
minutes to complete the derivatization. The sample was filtered and an aliquot of the
extract was collected for HPLC analysis.

Inner dosimeter extract solutions were analyzed by a High Performance Liquid
Chromatography (HPLC) system with an autosampler, column temperature conteoller and
fluorescence detector (FD). Head/neck pads, gloves, and air sampling filters were
apalyzed by a Waters Alliance 2695 HPLC system or equivalent equipped with a Waters
474 or 2475 fluorescence detector. Fables 2 and 3 provide a summary of the
chromatographic conditions.

Table 2. Surnmary of HPLC Operating Conditions
Pharmalytica Services Method — Inner Dosimeters

acMod HydroBond AQ, 2.1 x 30 mm, 3 pm pre-colwmn coupled with a 2.1 x 250

Column
mm, § pm column
olumn Temperature 40°C
Flow Rate 0.2 mb/min. — 0.4 mL/min.
njection Volume SuL

Fluorescence Detector

[Excitation: 380 nm

[Emission; 480 nm

Bandwidth: 10 nm

Gain: 10-100 (depending on detector make and model)

Run Time

135 minutes

[njector Washing Solution

150% Methanol/50% Water
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Mobile Phases

IA: 15% Acetonitrile/85% Water
: Acetonitrile

Time (min.)/Flow Rate %A %B
0.00/0.2 100 0
21.0/0.2 100 0
21.1/0.4 6 94
24.0/0.4 6 94
24.1/0.4 100 0
29.0/0.4 100 0
30.0/0.2 100 0
35.0/0.2 100 0

Table 3. Summary of HPLC Operating Conditions
Arch Method - Head/Neck Pad, Gloves, Air Sampliog Filter

Column

MacMod HydroBond AQ (2.1 x 250 mm, 5 pm particle size) witha 2.1 x 50
mm (3 pm particle size) HydroBond AQ column as a pre-column

Injection Volume

Sul.

Detection Settings

Excitation: 380 nm
Emission: 480 nm
[Bandwidth: 10 nm

Gain: 25 for 2475 and 1000 for 474 detector

Run Time

30 minutes

Injector Washing Solution

50% Methanol/50% Water

Mobile Phases

A: Acetonitrile

IB: Water

Time (min.)/Flow Rate %A %B
0.00/0.2 15 85
21.0/0.2 15 85
21.1/0.4 95 5
24.0/0.4 85 5
24,1/0.4 15 85
24.0/0.4 15 85
24.1/0.4 15 85
29.0/0.4 15 8s
29.1/0.2 15 85
30.0/0.2 15 85

Method validation:

Two methods were used for the determination of ZPT in the monitored matrices. Arch’s
Method (TSOP065), “Determination of Zinc Pyrithione in Exposure Monitoring Matrices
by High Performance Liquid Chromatography” was used for analysis of ZPT in
head/neck pads, gloves, and air sampling filter samples. Pharmalytica Services’ Method
(C0)6-MET-018.03), “Determination of Zing Pyrithione in Exposure Monitoring
Matrices by HPLC-FD” was used for analysis of ZPT in whole body dosimeter matrices.

Page 10 of 39
Attachment (1)



These two methods were validated at Arch and Pharmalytica to obtain the parameters
including accuracy, precision, specificity, linearity, limit of detection (LOD), and limit of
guantitation (LOQ). For each matrix, seven replicate samples were fortified at 1x LOQ
10x LOQ, and 150x LOQ prior to the start of the study. Additional spikes were made at
4000x LOQ, 6000x LOQ, 12,400x LOQ, and 140,000x LOQ for dermal patches,
170,000x LOQ for glove pairs, and 6,000x LOQ for air filker membranes after sample
analysis, to obtain recoveries when high levels of ZPT were found in the field samples.
Recoveries of ZPT from the fortified samples ranged from a mean value of 72.9% to
99.7% for WBD sections, 45.3% to 98.2% for dermal patches, 74.8% to 114% for glove
pairs, and 90.1% to 101.3% for air sampling filters. These results demonstrated the
adequacy of the methods for determination of ZPT on the dermal and inhalation media (o
be used in the field testing. ZPT levels in the control samples were all <LOD.

The limit of quantification (LOQ) was 0.200 pg/sample for the air sampling filter and
head/neck pads, 2.40 pg/sample for the glove pair, and 10.0 for the whole body dosimeter
sections. The ltmit of detection (LOD) was 0.060 pg/sampie for the air sampling filter
and head/neck pads, 0.70 ug/sample for the glove pair, and 4.0 for the whole body
dosimeter sections.

[nstrument performance and calibration: Two quality contro) standards in the mid-range of the calibration curve

Quantification:

9. Quality Control:

were run after every 10 samples to assess the accuracy of the
instrument calibration.

The calibration curve was established by plotting ZPT concentrations
of the standards in ng/mL against the peak area counts of the
derivatized ZPT peak. A linear regression analysis was applied to the
data to obtain slope, intercept, error of intercept, and correlation
coefficient of the curve. In order to improve the accuracy of the
analysis, the calibration curve was divided into two ranges to bracket
the concentration of ZPT in solution. The lower range curve included
the ZPT standards with concentrations ranging from approximately 2
ppb to 50 ppb. The higher range curve included ZPT standards with
concentrations ranging from approximately 50 ppb to 4 ppm.

Lab Recovery:  Method blanks, matrix blanks, and matrix spikes were routinely analyzed to document the validity
of data and to control data quality with acceptance limits. Method blanks were analyzed at the
beginning and end of a batch analysis to assess possible contamination from the laboratory. One
matrix blank was analyzed at the beginning of a batch run following a method blank. Fresh matrix
spikes fortified at 2x LOQ and 150x LOQ were prepared and analyzed along with the field

samples.

Overall forified laboratory recoveries ranged from 103.3% (whole body dosimeters) to 108.4%
(air filters). Table 4 provides a summary of the overall average recoveries for each matrix at each
fortification level.
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Table 4. Summary of Laboratory Fortified Sample Recoveries for All Matrices

[ sed. | Triat | | Overay | OFeral
Matrix Trial | Fortification Rate | Mean (%) Dev. Mean td. Mean td.
(%) (%) Dev. (%) Dev,
(%) (%)
A 2% LOQ 78.3 26.9 926 214
150x LOQ 106.9 33
B 2% LOQ 90.4 0.6 03 6 29
WRD 150x LOQ 94.8 8.9
. 1033 282
Sections ¢ 2x LOQ 1192 N/A 1132 8.5
150x LOQ 107.2 DN/A ' )
2x LOQ 145.2 44.9
D 1222 38.8
150% LOQ 99.1 8.8
A 2x LOQ 128.9 N/A 117.8 157
150x LOQ 106.7 N/A
B 2x LOQ §2.5 2.3 038 13.4
Head/Neck 130x LOQ 105.2 4.5 103 8 14 4
Pads 2x LOQ [22.0 N/A ' '
C 113.6 11.8
150x LOQ 105.2 N/A
5 2% LOQ 110.7 5.1 1018 (03
150x LOQ 92.8 2.6 "ll
A 2x LOQ 124.7 2.3 1139 127
)50%x LOQ 103.1 29 |
Air B 2x LOQ 65.9 N/A 26.4 8.6
. 150x LOO 106.8 N/A
Sampling % LO 1361 NA 108.4 196 |
Filter c x1.OQ ' : 1243 16.7
150x LOO 112.6 N/A
P %x LOQ 113.6 N/A 103.5 143
150x LOQ 934 N/A
A 2x LOQ 106.9 0.1 103.4 48
150x LOG 90.9 4.5
T
Glove Pair '2 e Q o S A 1064 | 110
c xLOQ 7.0 N/A 118.7 1.7
150x LOG 110.4 N/A
D 2x LOQ 1287 N/A 1092 117
150x LOG 94.7 N/A
Field blanks: On each day of monitoring, three unfortified control samples per set of each mamrix were prepared.

Far Trial A, the samples were set up and exposed on tables located in the parking lot of the
property immediatelv North or the Northwest corner of the yard, stightly West of the West end of
the dry dock. For Trial D, tables were set up with the shipyard property, either in the Northwest
corner {day 1) or the Southeast comer (day 2). Each location was approximately 300 feet upwind
from the nearest portion of the test vessel. For Trials B and C, samples were set up and exposed
on tables located in a covered arca 300 fi. Southeast of the East end of the dry dock. It was not
clear if the locations vsed for the untreated field controls were the same lecations where the field
fortification monitoring took place.
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Field recovery:

Formulation:
Tank mjx:
Travel Recovery:

Storage Stability:

Field fortification was performed on ¢ach day of monitoring. Six whole body dosimeter sections,
six head/neck pads, and six air samplers were prepared. The study authors note that the field
fortification head/neck pad samples were to be representative of the inner glove dosimeters as
well. Three samples of each matrix were spiked at 2X LOQ and three samples were spiked at
150X LOQ. Samples were spiked in the Arch Chemicals, nc. laboratory, bagged, labelled and
frozen as soon as possible after spiking was completed. The field spikes were shipped to the field
site by priority overnight courier service.

On each day of monitoring, the dermal field spikes were removed from their bags and laid out on a
surface covered with fresh polyethylene trash bags, arranging and folding them to shade their
fortified surfaces and prevent cross~contamination, exposing them to ambient conditions for the
maximum duration of a work cycle. The samples were secured 10 the table with solvent-rinsed
metal push pins. Air samplers were unwrapped, and connected to a pre-calibrated personal air
sampling pump operating at 1.5 L/min. for the maximum duration of a work cycle. At the end of
the exposure period, the samples were bagged, labelled, and stored frozen until shipment to the
analytical laboratory.

The overall average field fortification recoveries ranged from 84.3% (WBD, day 1) to 118.1%
(Head/Neck Pads, day 1) for Trial A, ranged from 87.8% (WBD, day 2) to 109.0% (Head/Neck
Pads, day 1) for Trial B, ranged from 112.3% (WBD) to 123.5% (Air sampling filters) for Trial C,
and ranged from 93.0% (WBD, day 1) to 129.01% (WBD, day 2). Table 5 provides a brief
summary of the field fortification recovenes.

Field fortification samples were spiked using the paint formulation associated with the given trial.
Not applicable to this study.
Travel recovery samples were not discussed in the study report.

The stability of ZPT residues was determined in triplicate sets of head/neck pads, representing all
fabric media, and air sampling filters stored frazen for up to 56 days after fortification with control
paint containing ZPT at 2x, 50x, and 150x LOQ. Samples were analyzed after 7, 14, 21, 28 and
56 days of frozen storage. For the head/neck pads, the average recoveries were 85.1% (2x LOQ),
96.7% (50x LOQ) and 89.9% (150x LOQ) after 56 days of frozen storage. For the air sampling
filters, the average recoveries were 99.0% (2x LOQ), 90.4% (50x LOQ), and 93.0% (150x LOQ)
after 56 days of frozen storage.
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Table 5. Field Fortification Recovery Results From Exposure Monitoring Matrices.

‘ Mean Std. Dev. Overall Overall
Tria) Test Day Matrix Spike Rate (%) (%) Mean Std. Dev.
(o) (%)
Whole Body 2x LOQ 63.7 1.0 843 237
Dosimeter 150x LOQ 105.0 1.8 '
I Head/Neck Pads |——2X10Q 129.6 L1 118.1 12.5
150% LOQ 106.7 0.79
Air Sampling 2x LOQ 127.6 5.8 113.6 15.9
. Filters 150% LOQ 99.5 1.1
Whole Body 2% LOQ 79.8 15.0 38.8 13.7
Posimeter 150x LOQ 7.8 1.3
2 Head/Neck Pads 2x LOQ 1200 1.8 112.9 79
150% LOQ 105.9 0.99
Air Sampling 2x LOQ 1206 3.1 1077 142
Filters 150x LOQ 94.9 08
Whole Body 2x LOQ 103.2 7.6 (042 49
Dosimeter 150x LOQ 105.2 0.5
2% LOQ 123.3 8.9
] Head/Neck Pads 150x LOO 947 088 109.0 16.6
Air Sampling 2 LOQ L18.5 29 105.4 14.5
B Filters 150x LOQ 923 1.9 ]
Whole Body 2x LOQ 80.5 3.7 874 54
Dosimeter 150% LOQ 95.2 1.1 '
2 Head/Neck Pads |22 LOQ 1207 6.9 104.7 1.2
150x LOQ 88,7 3.99
Air Sampling 2x LOQ 116.8 0.6 1045 116
Filters 150x LOQ 92,1 1.2 '
Whole Body 2x LOQ 126.2 3.3 112.6 149
Dosimeter 150x LOQ 95.1 0.3
C i Head/Neck Pads X EOQ 1197 2.3 1123 82
150x LOQ 105.0 0.59
Air Sampling 2x LOQ 1333 27 123.5 10.9
Filters 150x LOQ 113.6 0.4
Whale Body 2x LOQ 100.5 1.9 93.0) 8.4
Dosimetey 150x LOO 85.5 1.8 ]
| Head/Neck Pads 2 =0Q ULL 3.7 99| 13.3
150% LOQ 87.2 178
Air Sampling 2% LOQ 1133 5.6 103.2 11.7
5 Filters 150x LOQ 93.1 1.3
Whole Body 2xLOQ 1512 31.6 129.0 41.0
Dosimerer 150x LOQ 106.8 738
2x LOQ 1.0 1.5
2 Head/Neck Pads 150x LOO 881 07 99.6 12.6
Air Sampling 2% LOQ 92.2 1.7 05 5 91
Filters 150% LOQ 99.3 6.4
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10. Relevancy of Study to Proposed Use:

The study design and the proposed uses for this chemical are similar.

il. RESULTS AND CALCULATIONS:

The Registrant provided dermal and inhalation exposure values expressed as ug/ibs aj handled and ug/kg body
weight/lbs ai handled. The Registrant corrected the raw field data based on average field fortification recoveries of
the appropriate matrix exposed in the field on the same day. Recoveries from the head/neck pad field fortification
samples were used to correct inner glove samples. Adjustments were not made when recoveries from the field
control samples were >100%. Inhalation exposures were normalized for the pump flow rate of 1.5 L/min. to a
breathing rate of 1,500 L/hr for moderate activities, then by adjustment for standard waorker body weight (70 kg).

The final report does not include data for replicates 41 and 51 (replicates from Trial D). It is unclear why this is the
case; the analytical report shows that dermal and inhalation samples for these two replicates were analyzed. Versar
estimated exposures based on the data presented by the registrant (i.e., without replicates 41 and 51).

Versar estimated dermal and inhalation exposure values as gg/th ai handled. The method of correcting for field
fortification sample recoveries was similar to the method used by the registrant. Average field fortification
recovertes, calculated by fortification level and matrix from each trial separately, were used to adjust the field
residues if the recoveries were less than 90%. To calculate the inhalation exposures, Versar adjusted the flow rate of
each worker by an average breathing rate of 0.0167 m*/min for light activities, which is the inhalation rate
recommended for use by NAFTA for light activity.

Versar used the Shapiro-Wilks test on both non-transformed and log-transformed data (o test for normality and
logrormality, respectively (tested for p=0.0S and p>0.01). These tests were conducted for total dermal exposure
(expressed ip terms of ug/lb ai). Initially, dara sets were separated by trtal and by job function. At the p>0.05
significance level, significant non-normatity was found in only two datasets (Trial B line tenders and Trial D line
tenders) and significant non-lognormality was found in only one dataset (Trial D line tenders). However, because
the datasets were small at this level of grouping (2<N<6), extreme deviations in the observations would be necessary
for significant non-normality or non-lognormality to be detected. Therefore, the data were grouped into larger sets
for further testing. When the data were grouped by job function across all trials, significant non-normality was
found for all jobs, and no significant non-lognormality was found at the p>0.05 significance level. At the p>0.01
significance level, line tenders and pot men showed significant non-normality, and none of the job functions showed
significant non-lognormality. These results suggest that the data for a given job function are lognormally
distributed. When the data were grouped for each trial across all job functions, significant non-normality was found
for alt trials, and no significant non-lognormality was found at the p>0.05 significance level. At the p>0.01
significance level, trials B, C, and D showed significant non-normality, and none of the trials showed significant
non-lognormality. These results suggest that the data for a given trial are lognonmally distributed. Therefore, the
appropriate measure of central tendency for data grouped by job function or by trial is the geometric mean.

Exposure values were summarized two ways: by trial and by job function. When surmarizing exposures over a
single trial, it was assumed that the job functions performed by the replicates were representative of the type of work
typically performed in painting operations, and that the work was divided in a representative fashion. Therefore, the
geometric mean was taken over alt workers. When summarizing exposures for a given job function over all trials, it
was assumed that each trial had equal weight, regardless of the number of replicates monitored for each trial.
Therefore, for a given job function, four geometric means were calculated (one for each trial) and the arithmetic
mean of the four geometric means was calculated as a summary statistic.

Total Dermal Exposures (Including Hands, Face, Neck)

Dermal exposure was estimated by measuring residues on or in inner whole body dosimeters, head/neck pads, and
dosimeter gloves. Tables 6-10 provide the Versar-calculated dermal exposures for each of the four trials. Total
dermal exposures ranged from 385 pg/lb ai handled (pot man) to 5,150 ug/lb ai handled (spray man) for worker
replicates at Trial A; ranged from 115 pg/Ib ai handled (pot map) to 19,500 ug/1b ai handled (line tender) for worker
replicates at Trial B; ranged from 226 gg/Ib ai handled (pot man) to 4,410 pg/Ib ai handled (spray man) for worker
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replicates at Trial C, and ranged from 16 ug/Ib ai handled (pot man) to 3,412 ug/Ib ai handled (spray man) for
worker replicates at Trial D.

The overall geometric means for total dermal exposure were 1,410, 1,530, 639, and 177 ug/lb ai for Trials A, B, C,
and D, respectively. The overall arithmetic means of the geometric means for each job function were 284, 2,904,
and 1,030 ug/1b ai for pot men, spray men, and line tenders, respectively.

It should be noted that the values presented are not baseline values, but exposure values with personal protective
equipment (PPE) as the workers wore a Tyvek coverall over their work clothes.

Hand Exposures
Versar calculated hand exposures based on dosimeter gloves collected for each of the worker replicates. Tables ) }-

15 provide the Versar-calculated dermal exposures for each of the four trials. Worker hand exposures ranged from

178 ug/lb ai handled (pot man) to 4,330 ug/tb ai handled (line tender) at Trial A, ranged from 0.12 xg/1b ai handled
(pot man) to 206 ug/1b ai handled (spray man) at Trial B, ranged from 0.60 ug/lb ai handled (pot man) to 38 ug/Ib ai
handled (spray man) at Trial C, and ranged from 1.1 ug/ib ai handled (pot man) 1o 225 £g/1b ai handled (spray man)
at Trial D.

The overall geometric means for hand exposure were 823, 21.0, 7.0, and 16.0 ug/Ib ai for Trials A, B, C, and D,
respectively. The overall arithmetic means of the geometric means for each job function were 130, 311, ang 285
4g/1b ai for pat men, spray men, and line tenders, respectively.

Head/Neck Exposures

Versar caiculated head/neck exposures based on head/neck pads collected from each of the worker replicates. These
are reported in Tables 16-20. Worker head/neck exposures ranged from 4} ug/lb ai handled (pot man) to 2,190
ug/1b ai handled (spray man) at Trial A, ranged from 16 ug/1b ai handled (pot man) to 19,100 x#g/lb ai handled (line
tender) at Trial B, ranged from 80 xg/Ib ai handled (pot man) to 4,210 ug/Ib ai handled (spray man) at Trial C, and
ranged from 13 ug/1b ai handled (pot man) to 3,250 xg/1b ai handled (spray man) at Trial D.

The overall geometric means for head/neck exposure were 182, 552, 359, and 102 ug/Ib ai for Trials A, B, C, and D,
respectively. The overall arithmetic means of the geometric means for each job function were 50.6, 1,940, and 266
ug/lb ai for pot men, spray men, and line tenders, respectively,

Inhalation Exposures

Inhalation exposures were calculated by both the Registrant and Versar from the breathing-zone air concentrations
determined from the amount of ZPT found in the air sampling filter. The personal monitoring pumps were set to an
airflow of 1.5 L/min. The Registrant normalized inhalation exposures for the pump flow rate of 1.5 L/min. to a
breathing rate of 1,500 L/hr for moderate activities, then by adjustment for standard worker body weight (70 kg).
Versar used the NAFTA recommended inhalation rate of 0.0167 m*/min for light activities.

Tables 21 through 25 provide the Versar-calculated potential inhalation exposures. Worker inhalation exposures
ranged from 2.1 ug/Ib ai handled (pot man) to 116 xg/1b ai handled (line tender) at Trial A, ranged from 8.3 ug/Ib ai
handled (pot man) to 1,256 ug/lb ai handled (spray man) at Trial B, ranged from 4.1 ug/Ib at handled (pot man) to
50 pg/1b ai handled (spray man) at Trial C, and ranged from 0.1 zg/Ib ai handled (pot man) to 29 gg/lb at handled
(spray man) at Trial D.

The overall geometric means for inhalation exposure were 10.7, 113, 11.4,and 1.40 ug/lb ai for Trials A, B. C, and
D, respectively. The overall anithmetic means of the geometric means for each job function were 4.34, 184, and 26.2
41g/1b ai for pot men, spray men, and line tenders, respectively,
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It DISCUSSION

A. LIMITATIONS OF THE STUDY:

This study met most of the Group A, 875.1100 (dermal exposure -outdoor), 875.1300 (inhalation exposure -
outdoor), and 875.1600 (application exposure monitoring data reporting) Guidelines. The major issues of concern
are: (1) For Trial A, the test subjects wore work gloves, rather than chemical-resistant gloves while they worked.
These gloves were made of heavy cotton knit with rubberized palms that appeared to be somewhat absorbent,
according to the study author. As a result, subjects in this trial experienced the greatest hand exposures; (2) For
laboratory fortifications, only 1 to 4 replicates were run for each fortification level per matrix, which varied among
each trial. For field fortifications, only 3 replicates were run for each fortification level per matrix. The guidelines
specify that at least 7 samples should be run for each fortification level; (3) Personal air sarapling pumps were set to
produce an airflow of 1.5 L/min., rather than 2,0 L/min. specified in the guidelines; and 4) Air sampting filters were
capped and stored frozen in individually in a fresh, focking polyethylene storage bags prior to extraction. Heavy
filter paper was not used.

The final report does not include data for replicates 41 and 5] (replicates from Trial D). It is unclear why this is the
case; the analytical report shows that dermal and inhalation samples for these two replicates were analyzed.

B. CONCLUSIONS:

Dermal and inhalation exposure of dry dock workers classified as pot men, spray men and line tenders were
determined in this study. Overall, the pot men received the lowest dermal and inhzlation exposure across all four
trials. The spray men received the overali highest dermal and inbalation exposure, with the exception of Trial A
where the line tenders exposure values were consistently higher than the other three trials.
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Table 6. Total Dermal Exposure (Including Hands, Face/Neck} for Trial A (#g/Ib ai handled)

Total Total
Total tnner Total . Potential
, Head/Neck . Potential .
Repii Major Dermal Dosimeter 1bs ai Dermal
eplicate S . Pads Dermal
Position Dosimeter Gloves . bandled | Exposure
. | {ug/sample) Residue .
(ug/sample) (ug/sample) (ug ley (ug/lb 2i
sarple) handled)*
] Spray Man 4,750 2,570 66,500 73,900 39.2 1,880
2 Line Tender 3,710 13,600 11,100 28,400 9.50 2,990
3 Line Tender 6,200 14,50G 10,100 30,800 24.4 1,260
4 Line Tender 3,600 7,280 4,880 15,800 9.50 1,660
5 Pot Man 1,200 1,910 15,400 18,500 38.0 487
6 Spray Man 6,830 2,980 13,600 23,400 38.0 617
7 Pot Man 969 1,600 67,000 69,600 39.2 1,780
8 Pot Man 3,080 5,080 20,800 28,900 35.2 738
9 Spray Man 5,760 11,800 8,870 26,400 20.3 1,300
10 Spray Man 3,730 4,360 29,700 37,800 12.7 2,980
! Pot Man 5,340 3,050 7,230 15,600 40.6 385
12 Line Tender 5,730 10,500 29.800 46,000 20.3 2,270
13 Spray Man 7,840 1,390 19,000 28,200 292 967
14 Pot Man 2,950 1,320 16,000 20,300 292 654
15 Sprav Man 7,720 16,500 14,500 38,600 7.50 5.150
L6 Line Tender 2,270 922 88,000 91,200 20.3 4,490
Overall Average 1,850
Overall Geomean 1,410
Overall Standard Deviation 1,420
CV (%) 77.0
a Inncr dositmeter values represent dermal exposure while wearing personal protective equipment (PPE) as al( warkers
waore u Tyvek coverall over their work clothes.
b Total Poiential Dermal Residue = inner dosimeter residues + head/neck residues + glove residues
c Total Potential Dermal Exposure (pg/lb al bandled) = Total Dermal Restdue {xa) /1b ai handled
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Table 7. Total Dermal Expasure (Including Hands, Face/Neck) for Trial B (ug/lb ai handled)

Total Total
‘ Total Inner Head/Neck T.ota] Potential ' Potential
. Major Dermal Dosimeter 1bs ai Dermal
Replicate ol . Pads Dermal
Position Dosimeter Gloves kandled | Exposure
s | (ug/sample) Residue .
(ug/sample) (ug/sample) (ug/sample)® (ug/lb ai
P handled)*
17 Line Tender 2,510 1,11¢ 252 3,480 8.95 388
18 Spray Man 8,860 75,400 1,440 85,700 £6.97 12,300
18 Spray Man 35,900 55.800 569 92,200 10.9 8,460
20 Line Tender 5,190 2,060 1,070 8,320 8.95 929
21 Pot Man 2,460 481 42 .0 2,990 17.9 167
22 Spray Man 5,050 43,700 525 49,300 9.83 5,020
23 Pot Man 1,700 270 2.00 1,970 17.2 115
24 Line Tender 2,930 662 183 3,770 8.60 439
25 Line Tender 3,160 165,000 172 168,000 8.60 19,500
26 Spray Man 6,350 42,400 1,440 50,200 7.38 6.800
27 Spray Man 4,270 42,100 511 46,900 6.85 6,840
28 Line Tender 3,190 252 74.0 3,510 597 588
29 Line Tender 4,300 6.940 112 11,300 5.97 1,900
30 Pot Man 1,850 226 8.00 2,080 11.9 175
31 Spray Man 4,920 4,820 617 10,400 510 2,030
Overall Average 4 380
Overzall Geomean 1,530
Overall Standard Deviation 5,630
CV (%) 129
a Inner dosimeter values represent dermal exposure while weating personal protective equipment (PPE) as all workers
wore a Tyvek coveral) over their work clothes.
b Total Potential Dermal Residue = inner dostmeter residues + head/meck residues + glove residues
c Tolal Potenial Dermal Cxposore (pg/Ib ai handled) = Total Dermal Residue (wg) /Ib at handled
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Table 8. Total Dermal Exposure (Including Hands, Face/Neck) for Trial C (ug/lb ai handled)

Total Total
Total Inner Total . Potential
. Head/Neck . Potential .
. Major Dermal Dosimeter Ibs ai Dermat
Reptlicate o . Pads Dermal
Position Dosimeter Gloves . handled | Exposure
» | (ug/sample) Residue .
(ug/sample) (ug/sample) (ug/sample)” (ug/1b ai
P handled)®
32 Pot Man 1,530 1,090 115 2,740 9.82 279
33 Line Tender 2,740 2,310 17.0 5,070 9.82 517
34 Spray Man 1,620 41,300 370 43,300 9.82 4410
35 Spray Man 2,660 12,400 86.0 15,100 10.6 1,430
36 Pot Man 1,540 845 6.00 2,390 10.6 226
37 Line Tender 1,050 2,190 277 3.520 10.6 332
Overall Average 1,200
Overall Geomean 639
Overall Standard Deviation 1,640
CV (%) 136
a Inner dosimeter values represent dermal exposure while wearing personal protective equipment (PPE) as all workers
wore a Tyvek coverall over their work clothes.
b Total Potential Dermal Residue = inner dosimeter residues + head/neck residues + glove residues
c Total Potential Dermal Exposure (;g/1b ai handled) = Total Dermal Residue (ug) /Ib ai handled
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Table 9. Total Dermal Exposure (Including Hands, Face/Neck) for Trial D (#g/1b aj handled)

Total Total
. Total Inner Head/Neck T'otal Potential ) Potential
. s Major Dermal Dosimeter 1bs ai Dermsl
Replicate i . Pads Dermal
Position Dosimeter Gloves . handled | Exposure
b | (ug/sample) Residue .
(ug/sample) (ug/sample) (ug/sample)’ (ug/lb ai
p kandled)’
38 Line Tender 233 247 174 654 9.82 67.0
39 Spray Man 438 2,520 3,020 5,980 9.82 609
40 Spray Man 476 18,500 438 19,400 5.68 3,410
42 Pot Man 39.0 197 16.0 253 15.5 16.0
43 Pot Man 196 562 43.0 801 15.5 52.0
44 Line Tender 60.0 2,850 56.0 2,960 10.2 292
45 Pot Man 113 627 76.0 816 18.5 44.0
46 Pot Man 66.0 289 49.0 404 18.5 22.0
47 Pot Man 88.0 962 359.0 1,090 18.5 59.0
48 Spray Man 1,600 3,610 1,670 6,880 10.2 678
49 Spray Man 775 18,300 1,610 20,700 8.32 2,490
50 Lire Tender 2,150 174 157 2,480 8.32 298
Overall Average 670
Overa)l Geomean 177
Overall Standard Deviation 1,110
CV (%) 165
a ‘The final report does not include data for replicates 41 and 51. It is unclear why this js the case; the analytical report
shows that dermal and inhalation samples {or these two replicates were analyzed.
b Inner dosimeter values represent dermal exposure while wearing personal protective equipment (PPE) as all workers
wore a Tyvek coverall over their work clothes.
[ Total Potential Dermal Residuc = inner dosimeter residues + head/neck residues + glove residues
d Total Potential Dermal Exposure (ug/1b ai handled) = Total Dermna) Residue (ug) /IE ai handled

Table 10. Summary of Total Potential Dermal Exposures (Including Hands, Face/Neck) For Each Job
Category and Trial (ug/lb ai handled)

Stats Trial A Trial B Trial C Trial D
PM SM LT PM SM LT PM SM LT | PM SM LT
Average 816 | 2,150 | 2,530 | 152 | 6510 | 3,960 | 252 | 2,920 | 424 | 39.0 | 1,800 | 219
Geomean 702 1,680 | 2,300 150 | 6,060 | 1,230 | 251 2,510 | 414 | 340 1,370 | 180
Standard Deviation | 556 1,690 | 1,270 | 33.0 | 3,430 | 7,650 | 37.0 | 2,110 131 | 19.0| 1,380 | 132
CV (%) 68.0 | 78.0 50.0 21.0 50.0 193 15.0 72.0 31.0 | 48,0 77.0 | 60.0

PM = Pot Man; SM = Spray Man; LT = Line Tender
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Table 11. Hand Exposures For Trial A (#g/lb ai handled) Based on Dosimeter Gloves

N Hand Residue . Hand Exposure
Sample Number Major Position Ibs ai handied (pg/Nb ai
(n2) handled)*

1 - glove a Spray Man 66,500 382 1,700

2 -glove a Line Tender 11,100 9.50 1,170

3-glove a Line Tender 10,100 24 .4 413

4-glovea Line Tender 4,880 9.5 514

5-glove a Pot Man 15,400 38.0 405

6 - glove a Spray Man 13,600 38.0 359

7 -glove a Pot Man 67,000 362 1,710

8- glove a Pot Man 20,800 39.2 530

9 - glove a Spray Man 8,870 20.3 437

10 - glove a Spray Man 29,700 12.7 2,340

11 - glove a Pot Marn 7,230 40.6 178

12~ glove a Line Tender 29,800 20.3 1,470

i3-glovea Spray Man 19,000 29.2 651

14 - glove a Pot Man 16,000 29.2 547

15 - glove a Spray Man \ 14,500 7.50 1,930

i6 - glove a Line Tender | 88,000 20.3 4,330
Overall Average 1,170
Overall Geornean 823
Overall Standard Deviation 1,080
CV (%) 92.0

Note: Glove samples #1, 2, 3, 4, 5, 6, 7 and 16 were extracted on 11/30 and found to be too concentrated. Further dilations were
made on 12/1 and rerun oo the same day.
2 Hand Exposure (pg/1b ai handled) = Hand residue (gg) /Ib ai handled
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Table 12. Hand Exposuves For Trial B (4g/lb ai handled) Based on Dosimeter Gloves

) Hand Exposure
Sample Number Major Positdon Hand Residue Ibs ai handled (pg/]bpai
(ng) handled)*
: 17 - glove a Line Tender " 252 8.95 28.0
i 18 ~ glove a Spray Man | 1.440 6.97 206
| 19 - glove a Spray Man 569 10.9 52.0
| 20 - glove a Line Tender 1,070 8.95 120
| 21 - glovea Pot Man 42.0 17.9 2.00
: 22-glove a S$pray Man 528 9.83 53.0
23 -glovea Pot Man 2.00 17.2 0.120
24 - glove a Line Tender 183 8.60 21.0
25 -glovea Line Tender 172 8.60 20.0
[ 26 - glove a Spray Man 1,440 7.38 195
| 27 -glove a Spray Man 511 6.85 75.0
| 28 -glove a Line Tender 74.0 5.97 12.0
| 29 - glove a Line Tender [z 5.97 19.0
30 - glove a Pot Man 3.60 11.9 1.00
31 -glove a Spray Man 617 5.10 121
Overall Average 62.0
Overall Geomean 21.0
Overall Standard Deviation 68.0
| cv (%) 111
a Hand Exposure (ug/lb ai handled) = Hand restdue (ug) / b ai handled
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Table 13. Hand Exposures For Trial C

Ib aj handled) Based on Dosimeter Gloves

Hand Exposure
Sample Number Major Position Hand Residue (ng) Ibs ai handled (ng/b ai
handled)"
32-glovea Pot Man 115 9.82 12.0
33 - glove a Line Tender 17.0 9.82 2.00
34 -glove a Spray Man 370 9.82 38.0
35~ glovea Spray Man 86.0 10.6 8.00
36 - glove a Pot Man 6.00 10.6 0.600
37 - glove a Line Tender 277 10.6 26.0
Overall Average 14.0
Overall Geomean 7.00
Overall Standard Deviation 15.0
CV (%) 102
2 Hand Exposure (xg/Ib ai handled) = Hand residue {ug) / Ib ai handled
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Table 14. Hand Expasures For Trial D («g/Ib ai handled) Based on Dosimeter Gloves

- Hand Residue . Hand Expo:sure
Sample Number Mazjor Position (ug) Ibs ai bandled {pg/b ai
handled)"
38 - glove a Lipe Tender 174 9.82 18.0
39 -glove a 803 9.82 82.0
39 - glove b Spray Man 2,210 9.82 225
40 - glove a Spray Man 438 5.68 770
42 - glove a Pot Man 16.0 15.5 1.10
41 - glove a Pot Man 43.0 15.5 3.00
44 - glove a Line Tender 56.0 1¢.2 6.00
45 - glove a Pot Man 76.0 18.5 4.00
46 - glove Pot Man 45.0 18.5 3.00
47 - glove a Pot Man 39.0 18.5 2.00
48 - glove a Spray Man 1,670 10.2 164
45 - glove a Spray Man 1,610 832 194
50 - glove a Line Tender 157 §.32 19.0
Overall Average 61.0
Overall Geomean 16.0
Overall Standard Deviation 82.0
CV (%) 133
a Hand Exposure (#g/1b aj handled) = Hand residue (#g) / Ib ai bandled

Table 15. Summary of Hand Exposures Based on Dosimeter Gloves For Each Job Category and Trial

(#g/1b ai handled)

Stats Trial A Trial B Trial C Trial D
PM SM LT PM SM LT | PM |SM | LT | PM | SM | LT
Average 674 | 1,240 | 1,580 | 1.00 117 167 | 620 (225 140 | 250 | 186 | 14.0
Geomean 514 960 1,100 | 0.600 | 1000 | 263 | 260 | 17.5 ] 6.80 [ 2.30 | 166 | 12.3
Standard Deviation | 598 856 1,600 | 1.20 | 694 | 409 | 7.00 | 209 | 173 | 110 | 95.1 | 7.40
CV (%) 887 | 693 102 113 | 593 112 128 | 914 | 124 | 435 | 51.2 | 526

PM = Pot Man; SM = Spray Man; LT = Line Tender

Page 25 of 39

Attachment (1)




Table 16. Head/Neck Exposures For Trail A (zg/Ib ai handled) Based on Head/Neck Pads

Residues Total Head/Neck
Sampie Nuraber Major Residues Adjusted for head/neck Ibs ai Exposure
P Position (ng) Head/Neck residues handled (ng/b ai
Areas (pg)* {(ng) handled)
| - chest pad 310 1,880
S M ; 2,57 2 .
1 - back pad pray Man 913 694 =70 39 660
2 - chest pad . 2,170 13,100
) .
3~ back pad Line Tender 62.6 176 3,600 $.50 1,430
3 - chest pad . 2,300 13,500
Line Tend > 5 24.4
3 - back pad e Jender 732 556 14,500 3%
4 - chest pad , 1,150 7,220
Line Tend : 7,280 9.50 767
4 - back pad me fender 8.60 65.4 :
§ - chest pad 295 1,780
Pot M 2 . 0.
5 - back pad orven 167 127 1,910 38.0 200
6 - chest pad 489 2,960
2 . .
6 - back pad Spray Man 270 20.5 080 380 78.0
7 - chest pad 262 1,590
Pot Mi 1, . 41,
7 - back pad ot van 2.50 19.0 600 9.2 0
8 - chest pad 827 5,000
0 .
- back pad Pot Man 0.7 213 5,080 352 (130
9 - chest pad 1,930 11,700
1 .
9 - back pad Spray Man 14 266 11,800 20.3 580
10 - chest pad 710 4,300
4 .
10 - back pad Spray Man 8.10 61.6 ,360 127 343
11 - chest pad 453 2,740
P ; .
11 - back pad ot Man 206 309 3,050 40.6 75.0
12 - chest pad . 1,716 10,400
Line Tend ’ * 0,500 20. 1
12 - back pad e Lender 19.4 147 ! 3 >18
13 - chest pad 225 1,360
8 M . 1,390 202 48.0
13 - back pad pray ian 3.80 289 ’
14 - chest pad i 1,160
: . 450
14 - back pad PotMan 2.0 167 1,520 292
15 - chest pad 2,700 16,300
S M 16,5 7.5 2,1
15 - back pad pray Man 162 123 6,500 0 /190
16 - chest pad . 136 820
Line Tend 22 20. 45.0
6 - back pad e L ender 13.5 103 ’ 03
Overall Average 438
Overall Geomean 182
Overall Standard Deviation 606
CV (%) 138
a Values used 1o calculate the areas of the head/meck are as follows: Head/Neck Pad = 100 afz, Head = 1300 cmz,
Face = 650 cm”, Back of the neck = 110 cm?, Front of the neck = 150 ¢m?
b Head/Neck Exposure (ug/1b ai handled) = Head/neck residue {pg} /16 ai handled
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Table 17. Head/Neck Exposures For Trail B {ug/lb ai handled) Based on Head/Neck Pads
Residues Total Head/Neck
Major . Adjusted for Ibs ai Exposure
Sample Number Pasition Residues (ng) Head/Neck r:s?;gj:;e(‘:k) handled (ngNb ai
Areas (pg)’ He handied)
17 - chest pad Line Tender 82 1,100 1110 8.95 (24
17 - back pad 1.15 8.70
18 - chest pad Spray Man 12,500 75,300 75.400 6.97 10,800
18 - back pad 3.79 28.8
19 - chest pad Spray Man 9,070 34,900 55,800 10.9 5.120
19 - back pad 113 §71
20 - chest pad Line Tender 333 2,050 2,060 8.95 230
20 - back pad 1.41 10.7
21 - chest pad Pot Man 78.8 477 48 17.9 270
21 - back pad 0.580 4.40
22 - chest pad Spray Man 7,210 43,600 43700 983 4,450
22 - back pad 13.] 95.8
23 - chest pad Pot Man 437 264 270 172 16.0
23 - back pad 0.760 5.80
24 - chest pad Line Tender 108 652 662 8.60 77.0
24 - back pad 1.32 10.00
. v
23 - chest pad Line Tender 27,200 163,000 165,000 8.6 19,100
23 - back pad 6.91 525
26 - chest pad Spray Man 6,970 42,200 42,400 718 5750
26 - back pad 3i .8 242
27 - chest pad Spray Man 6,940 42,000 42,100 6.85 6,140
27 « back pad 10.7 81.4
28 - chest pad Line Tender 40.2 244 252 597 42.0
28 - back pad 1.18 9.00
29 - chest pad Line Tender 1,130 6.83¢ 6,940 597 1,160
29 - back pad 14.1 107
30 - chest pad Pot Man 33.] 200 226 119 19.0
30 - back pad 3.42 26.0
31 - chest pad \ Spray Man 742 4,490 4820 5,10 945
31 - back pad | 44.0 335
Overall Average 3,600
Overall Geomesan 552
Overall Standard Deviation 5,400
CV (%) 150
a Values used to calculate the areas of the head/neck are as follows: Hzad/Neck Pad = 100 cm’, Head = 1300 cm”,
Face = 650 cm?, Back of the neck = 110 cm®. Front of the neck = £50 em?
b Head/Neck Exposure (ug/1b ai handled) = Head/neck residue (ug) /16 i handled
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Table 18. Head/Neck Exposures For Trail C (ug/Ib ai handled) Based on Head/Neck Pads

Residues Total Head/Neck
Major . Adjusted for Ihs ai Exposure
Sample Number | p/chion | ReSdUes (U8) | o d/Neck rg‘:;ﬂf:’&kg) bandled | (ug/b ai
Areas (ng)* hapdied)

32 - chest pad Pot Man 179 1,080 1,090 9.82 P11
32 - back pad 0.890 6.80
33 - chest pad Line Tender 381 2,310 2,310 9.82 235
33 - back pad 0.770 5.9(
34 - chest pad Spray Man 6.820 41,300 41,300 9.82 4210
34 - back pad §.53 64.8
35 - chest pad Spray Man 2,050 12,400 12,400 10.6 1,170
35 - back pad 3.41 25.9
36 - chest pad 134 816

Pot Man 845 10.6 80.0
36 - back pad 4.59 34.9
37 - chest pad Line Tender 359 2,170 2,190 10.6 207
37 - back pad 3.18 24.2
Overall Average 1,000
Overall Geomean 359
Overall Standard Deviation 1,620
CV (%) 162
a Values used to calculate the areas of the head/meck are as follows: Head/Neck Pad = (00 e, Head = 1300 cm?,

Faee = 650 cm’, Back of the neck = 110 cm?, Front of the neck = 150 em?

b Head/Neck Exposure (xg/1b ai handled) = Head/neck residue (#g) /Ib at handied
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Table 19, Head/Neck Exposures For Trail D {up/lb ai handled) Based on Head/Neck Pads

Residues Total Head/Neck
Major . Adjusted for ths ai Exposare
Sample Number | o cion | ResiQues (MB) | "o 4/Neck reb;;ﬂ/e:e(“k) handled | (ug/b ai
Areas (pg)* ! s handled)
38 - chest pad Line Tender 40.5 245 247 9.82 25.0
3§ - back pad 0.300 2.30
19 - chest pad 416 2,520
Spray Ma . 2,520 9.82 257
39 - back pad pray am 0.960 730
40 - chest pad 2,980 18,000
Spray Man . > 18,500 5.68 3,250
40 -back pad | P 56.6 430
42 - chest pad Pot Man 322 193 197 15.5 13.0
42 - back pad 0.280 2.10
43 - chest pad Pot Man 90.5 548 <62 15.5 36.0
43 - back pad 1.89 14.4
44 - chest pad Lioe Tender 469 2,840 2 850 10.2 28)
44 - back pad 1.18 9.00
45 - chest pad Pot Man 100.0 606 628 185 34.0
45 - back pad 2.80 21.3
46 - chest pad 46.1 279
Pot Man 289 18.5 16.0
46 - back pad 1.32 10.00
47 - chest pad Pot Man 156 946 962 1.5 52.0
47 - back pad 2.11 16.0
48 - chest pad 582 3,520
S M 2 3,610 10.2 358
48 - back pad prey Man 113 36.3
49 - chest pad Spray Man 3,030 18,300 18.300 812 2,200
49 - back pad 1.00 7.60
30 - chest pad | Line Tender 25.9 157 174 832 21.0
50 - back pad | 235 17.9
Oversll Average 548
Overall Gepmean 102
Overall Standard Deviation 1,050
CV (%) 193
a Values used fo calculate ihe sreas of the head/neck arc as foliows: Head/Neck Pad = 100 om®, Head = 1300 em’,
Face = 650 em?, Back of the neck = 110 em?, I'ront of the neck = 150 cm?
b Head/Neck Exposure {gg/lb ai handled) = Hesd/meck residue (ug) /1o ai handled
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Table 20. Summary of Head/Neck Exposures Based on Head/Neck Pads For Each Job Category and Trial

(#g/1b ai handled)
Trial A Trial B Trial C Trial D
Stats
PM | SM LT | PM SM LT PM SM LT | PM | SM LT
Average 68.3 | 223 671 | 20.5 | 5.540 | 3,460 | 955 | 2,690 | 221 | 30.1 | 1,520 | 109
Geomean 61.9 | 137 | 434 | 20.0 | 4,490 357 | 943 | 2,220 | 221 | 264 | 899 529
Standard Deviation | 36.8 | 234 503 | 570 | 3,180 | 7,700 | 22.1 | 2,150 | 20.2 | 16.2 | 1,460 | 149
CV (%) 539 105 | 749 | 28.0 | 57.5 222 | 231 | 798 | 9.10 | 53.7| 964 136

PM = Pot Man; SM = Spray Man; LT = Line Tender
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Table 21, Potential Inhalation Exposure For Trial A (#g/lb ai handled) Based on Residue Levels Found in
Air Sampling Filters

. Resid . ' Vent. Inhalation
Sample Major Duration | Flow rate | Concen. Ibs ai Rate exposure
Number Position ue (min) | (L/min) | (ug/m** | handled | L/min | (ug/lb ai
(g) (m*/min)° | handled)*
1 - filter Spray Man 19.0 375 1.47 34.5 38.2 0.0167 5.50
2 - filter Line Tender 70.8 412 1.51 114 9.50 0.0167 82.7
3 - filter Line Tender 256 390 1.51 434 24.4 0.0i67 116
4 - filter Line Tender 26.5 385 1.5¢ 46.0 9.50 0.0167 31
3 - filter Pot Man 9.92 160 1.51 18.3 38.0 0.0167 2.90
6 - filter Spray Man 52.6 360 1.50 972 38.0 0.0167 15.4
7 - filter Pot Man 7.40 350 1.53 13.9 392 0.0167 2.10
8 - filter Pot Man 10.2 365 1.52 18.4 39.2 0.0167 2.90
9 - filter Spray Man 354 271 1.51 86.9 20.3 0.0167 194
10 - filter Spray Man 8.97 271 1.49 222 12.7 0.0167 7.90
11 - filter Pot Man 9.72 281 1.50 23.) 40.6 0.0167 2.70
12 - filter Line Tender 214 262 1.52 53.6 20.3 0.0167 1L.6
13 - fiher Spray Man 35.0 262 143 93.4 292 0.0167 14.0
14 ~ filter Pol Man 7.51 267 1.52 18.6 292 0.0167 2.80
15 - filter Spray Man 46.6 254 1.53 120 7.50 0.0167 67.8
16 - filier Line Tender 9.72 265 1.51 243 203 0.0167 530
Overall Average B B 24.4
Overall Geowean 10.7
Overall Standard Peviation 34.1
CV (%) 140
a Concentration (gg/m!) = [(Residue (pg)){ftow rate (L/min) x duration {min))]=1 L0001 m’
b Recommended inhalation rate tor Hight activities.
¢ Cxposure (ug/lb ai handied} = [(Concentration (xg/m’) x Respiration rate (m'/min) x duration (min) /b ai handled
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Table 22. Potential Inhalation Exposure For Trial B (ug/lb ai handled) Based on Residoe Levels Found in Air
Sampling Filters

Vent. Inhalation
Sample Major Residue Duration | Flow rate | Concen. Ibs ai Rate exposure
Number Pasition (ug) (min) (L/min,) | (ug/m*)* | handled | L/min (ug/b ai
(m*/min)® | handled)
17 - filter Line Tender 36.2 101 1.50 240 §.95 00167 451
1§ - filier Spray Man 786 101 1.50 5,190 6.97 0.0167 1,260
19 - filter Spray Man 877 101 1.51 5,760 10.9 0.0167 852
20 - filter Line Tender 86.3 101 1,50 571 8.95 0.0167 108
21 - filter Pot Man 15.9 101 1.50 105 17.9 0.0167 9.90
22 - filter Spray Man 647 67.0 1.50 6,420 .23 0.0167 731
23 - filter Pot Man 14.0 67.0 1.48 14] 17.2 0.0167 920
24 - filter | Line Tender 17.5 67.0 [.49 176 .60 0.0167 229
25 - filter | Line Tender 336 67.0 1.50 3,350 8.60 0.0167 436
26 - filter Spray Man 701 67.0 .50 6,970 7.38 0.0167 1,060
27 - filter Spray Man 592 63.0 1.51 6,240 6.85 0.0167 958
28 - filter Line Tender 9.86 63.0 1.50 104 5.97 0.0167 18.4
29 - filter Line Tender 67.8 63.0 1.50 716 5.97 0.0167 126
30 - fiher Pot Man 8.86 63.0 1.49 94.4 11.9 0.0167 2.30
31 - filter Spray Man 43,0 63.0 1.50 454 5.10 0.0167 83.7
Overall Average 335
Overall Geomean 113
Overall Standard Deviation 459
CV (%) 119
a Conceniralion (gg/m’) = [(Residue (ug)¥(Tow rate (L/min) x duration {min})]* 1L/0.001 m
b NAFTA recommended inhalation rate {or light activifies.
¢ Exposure (#g/b ai handled) = [(Concentration {gg/m®) x Respiration rale {m*/min) x duration (min)}/Ib ai handled

Table 23. Potential Inhalation Exposure For Trial C (ug/lb ai handled) Based on Residue Levels Found in

Air Sampling Filters

Vent. Inbalation
Sample Major Residue | Duration | Flow rate | Concen. Tos ai Rate exposure
Number Position (rg) (min) (L/min.) (ng/m’)* handled L/min (ug/lb ai
(m*/min)® | bandled)
32 - filter Pot Man 3.39 57.40 1.49 42.2 9.82 0.0167 4.10
33 - filter | Line Tender 4.59 57.0 1.50 53.6 9.82 00167 520
34 - filter | Spray Man 34.5 57.0 1.51] 402 982 0.0167 38.9
35 - filter | Sprav Man 47.7 81.0 1.51 3% 10.6 0.0)67 50.0
36 - filter Pot Man 6.82 81.0 1.50 56.2 10.6 0.0167 7.20
37 - filter | Line Tender 7.19 81.0 1.51 588 10.6 0.0167 7.50
Overall Average 18.8
Overall Geomean 11.4
Overall Standard Deviation 20.2
CV (%) 107
a Concentration (,ugim") = [(Residue (ue))A{ flow rate {L/min) x duration {min))]*1L/0.001 m’
b NAFTA recommended inhalation rate for light activities.
¢ Exposure (ug/lb ai handled) = [(Concentration (zg/m*) x Respiration rate {(nv'/min) x duration {min))/1b ai handled
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Table 24. Potential Inhalation Exposure For Trial D (#g/1b ai handled) Based on Residue Levels Found in
Air Sampling Filters

_ . . Flow . Vent Inhalation

Sample Number Mﬂ‘jf)l' Residue Dun}tlon rate Concen; Ibs =i Rat.e exposure
Position (ng) {min) (L/miv.) (ug/m”)® | handled L;}mm X (ugAb ei
(m~/min) haodled)

38 - filter Line Tender | 0.350 211 1.51 1.10 9.82 0.0167 0.40¢
39 - filter Spray Man 258 203 1.51 24.1 5.82 0.0167 29.0
40 - hiter Spray Man 6.04 184 1.51 21.7 5.68 0.0167 11.8
42 - filter Pot Man 0.260 151 1.51 .10 15.3 0.0167 0.200
43 - filter Pot Man 0.170 163 .50 0.700 15.5 0.0167 0.100
44 - filter Line Tender 2.86 190 1.49 10.1 10.2 0.0167 3.10
45 - filter Pot Man 0.250 210 1.51 0.800 18.5 0.0167 0.100
46 - filter Pot Man 0.460 214 1.52 1.40 18.5 0.0167 0.300
47 - filter Pot Man 0.510 199 1.5¢ 1.70 18.5 0.0167 0.300
48 - filter Spray Man 26.4 182 1.52 95.5 10.2 0.0167 28.6
49 - filter Spray Man 17.3 157 1.52 72.5 8.32 0.0167 22.8
50 - filter Line Tender [ 0.410 92.0 1.50 3.00 832 0.0167 0.500
Overall Average 8.10
Overall Geomean 1.40
Overall Standard Deviation i1.8
CV (%) 146
a Concentration (ugf?) = [(Residue {pgy¥/(Now cate (L/min) x duratien (min)}]*1L/0.001 m’
b NAFTA recommended inhalation rate for light activities.
¢ Exposure (#gAb ai handled) = |(Coneentration (zg/m’) x Respiration rate (m’/min) x duration {min)]/1b ai handlcd

Table 25, Summary of Inhalation Exposure Based on Air Sampling Filters For Each Job Category and Trial
(ug/lb ai handled)

Stats Trizl A Trial B Trisl C Trial D
PM [ sM | LT [PM [ s | LT |[pMm|sM | LT | PM [SM ] LT
Average 2.70 21.7 | 49.3 9.10 231 126 560 | 44,5 | 630 | 0.200 | 23.1 | 1.40
Geomean 2.60 152 | 283 | 9.10 653 69,5 | 540 | 441 | 6.20 1 0200 | 21.7 | 0.900
| Standard Deviation | 0.300 | 23.2 | 48.1 | 0.800 | 401 158 | 220 7.80 | 1.60 | 0100 | 8.00 | 1.50
CV (%) 13.0 167 97.5 8.40 48.3 126 388 | 17.6 | 257 | 38.5 | 349 4

PM = Pot Man; SM = Spray Man; LT = Line Tender
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APPENDIX A

Compliance Checklist for “Assessment of Potential Inhalation and Dermal Exposure to Zine Pyrithione
During Outdoor Pzinting of Ship Hulls With Commercial Antifouling Paint Containing ZINC OMADINE®”
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Compliance Checklist

Compliance with OPPTS Series 875, Occupational and Residential Exposure Test Guidelines, Group
A: Guidelines, 875.1100 (dermal exposure - outdoor), 875.1300 (inhalation exposure - outdoor), and
875.1600 (application exposure monitoring data reporting) is critical. The itemized checklist below
describes compliance with the major technical aspects of OPPTS 875.1100, 875.1300 and 875.1600.

Guideline 875.1100

1. Investigators should submit protocols for review purposes prior to the inception of the study. This
criterion was met.

2. Expected deviations from GLPs should be presented concurcently with any protocol deviattons and
their potential study impacts. This criterion was met.

3. The test substance should be a typical end use product of the active ingredient. This criterion was met.
However, the test substance used was not prepared and analyzed in the laboratory prior to application,
rather, cans of commercial antifoulant paint on-hand at the test site at the time of the trial was used.

4. The application rate used in the study should be provided and should be the maximum rate specified on
the label. However, monitoring following application at a typical application rate may be more appropriate
in certain cases. This criterion was met,

5. Selected sites and indoor conditions of monitoring should be appropriate to the activity. This criterion
was met,

6. A sufficient pumber of replicates should be generated to address the exposure issues associated with
the population of interest. For outdoorr exposure monitoring, each study should include a minimum of 15
individuals (replicates) per activity. This criterion was met,

7. The quantity of active ingredient handled and the duration of the monitoring period should be reported
for each replicate. This criterion was met.

8. Test subjects should be regular workers, volunteers trained in the work activities required, or typical
homeowners. This criterion was met.

9. Any protective clothing womn by the test subjects should be identified and should be consistent with the
product label. This criterion was mostlv met. For Trial A. the test subjects wore work gloves, rather than
chemical-resistant gloves while they worked. These gloves were made of heavy cotton knit with
rubberized palms that appeared to be somewhat absorbent, according to the study author. As a result,
subjects in this trial experienced the greatest hand exposures. The label for the different paint products
state diflerent levels of hand protection: Intersmooth 460 Blue states that “gloves” should be worn,
[ntersmooth 460 Brown states that “rubber gloves” are to be womn, and Intersmooth 460 Red and Micron 66
Black state that “chemical resistant gloves” are 10 be worn.

10. The monitored activity should be representatjve of a typicat working day for the specific task in order
to capture all reJated exposure activities. This criterion was met.

11. Dermal exposure pads used for estimating dermal exposure {0 sprays should be constructed from
paper-making pulp or similar material (i.e., alpha-cellulose), approximately 1 inm thick, that will absorb a
considerable amount of spray without disintegrating. The alpha-cellulose material should not typically
require pre-extraction to remove substances that interfere with residue analysis. This should be determined
prior to using the pads in exposure tests. This criterion was met with the use of whole body dosimeters and
head/neck pads.
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12. Dermal exposure pads used for estimating dermal exposure to dust formulations, dried residues, and to
dust from granular formulation should be constructed from lavers of surgical gauze. The pad should be
bound so that an area of gauze at least 2.5 inch square is left exposed. The gauze must be checked for
material that would interfere with analysis and be pre-extracted if necessary. This criterion is not
applicable to this study. The formulated test substance was antifoulant paint.

13. A complete set of pads for each exposure period should consist of 10 to 12 pads. If the determination
of actual penetration of work clothing is desired in the field study, additional pads can be attached under the
worker’s outer garments. Pads should be attached under both upper and lower outer garments, particularly
in regjons expected to receive maximum exposure. Pads under clothing should be near, but not covered by,
pads on the outside of the clothing. This criterion was met with the use of whole body dosimeters and
head/neck pads.

14. If exposed pads are to be stored prior to extraction, storage envelopes made from heavy filter paper
may be used. The envelope must be checked for material that will interfere with analysis. Unwaxed
sandwich bags should be used to contain the filter paper envelopes to help protect against contamination.
This criterion does not apply to this study.

15. Hand rinses should be performed during preliminary studies to ensure that interferences are not
present, Plastic bags designed to contain 0.5 gal and strong enough to withstand vigorous shaking (i.c., at
least 1 mil inch thickness) should be vsed. During preliminary studies, plastic bags must be shaken with
the solvent to be used in the study to ensure that material which may interfere with analysis is not present.
This criterion does not apply to this study. Dosimeter gloves were used rather than hand washes.

16. The analytical procedure must be capable of quantitative detection of residues on exposure pads at a
level of | ug/cm?2 (or less, if the dermal toxicity of the material under study warrants greates sensitivity),
This criterion was met.

17. The extraction efficiency of laboratory fortified controls is considered acceptable if the lower limit of
the 95% confidence interval is greater than 75%, unless otherwise specified by the Agency. At aminimum,
seven determinations should be made at each fortification level to calculate the mean and standard
deviation for recovery. Total recovery from freld-fortified samples must be greater than 50% for the study.
These criteria were partially met. For laboratory fortifications, only 1 to 4 replicates were run for each
fortification level per matrix, which varied among each trial. For f{ield fortifications, only 3 replicates were
run for each fortification level per matrix.

18. If the stability of the material of interest is unknown, or if the material is subject to degradation, the
investigator must undertake and document a study to ascertain loss of residues while the pads are worn. It
is recommended that collection devices be fortified with the same levels expected to occur during the field
studies. The dosimeters should be exposed to similar conditions and for the same time period as those
expected during fteld studies. This criterion was met.

19. Data should be corrected if any appropriate field fortified, laboratory fortified or storage stability
recovery is less than 90 percent. This criterion was met. However, it should be noted that the study author
corrected for all field recoveries <100 percent. Versar only corrected for field fortification values <90
percent.

20. Field data should be documented, including chemical information, area description, environmental
conditions, application data, equipment information, information on work activity monitored, sample
numbers, exposure time, and any other observations. This criterion was met.

21. A sample history shect must be prepared by the laboratory upon receipt of samples. This criterion was
met.
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Guideline 875.1300

1. When both dermal and inhalation montitoring are required, field studics designed to measure exposure
by both routes on the same subjects may be used. This criterion was met.

2. The analytical procedure must be capable of measuring exposure to 1 ug/hr (or less, if the toxicity of
the material under study warrants greater sensitivity). This criterion was met.

3. A trapping efficiency test for the monitoring media chosen must be documented. This criterion was
met,

4. Air samples should also be tested for breakthrough to ensure that collected material is not lost from the
medium during sampling. [t is recommended that at Jeast one test be carried out where the initial trap
contains 10X the highest amount of residue expected in the field. This criterion was met.

5. Iftrapping media or extracts from field samples are to be stored after exposure, a stability test of the
compound of interest must be documented. Media must be stored under the same conditions as field
samples. Storage stability samples should be extracted and analyzed immediately before and at appropriate
periods during storage. The time periods for storage should be chosen so that the longest corresponds to
the longest projected storage period for field samples. This criterion was met.

6. A personal monitoring pump capable of producing an airflow of at least 2 L/min. should be used and
its batteries should be capable of sustaining maximum airflow for at least 4'hours without recharging.
Airflow should be measured at the beginning and end of the exposure period. This criterion was not met.
Personal air sampling pumps were set to produce an airflow of 1.5 L/min.

7. Appropriate air sampling media should be selected. The medium should entrap a high percentage of
the chemical passing through it, and it should allow the elution of a high percentage of the entrapped
chemical for analysis. This criterion was met. Satisfactory fortified sample recoveries indicate the
appropriate sampling media was selected.

8. [fexposed media are to be stored prior to extraction, storage envelopes made from heavy filter paper
may be used. The envelope must be checked for material that will interfere with analysis. Unwaxed
sandwich bags should be used to contain the filter paper envelopes to help protect against contamination.
This criterion was not met. Air sampling filters were capped and stored frozen in individually in a fresh,
locking polyethylene storage bags prior to extraction.

9. Personal monitors should be arranged with the intake tube positioned downward, as near as possible to
the nose level of the subject. This criterion was met.

10. Field calibration of personal monitors should be performed at the beginning and end of the exposure
period. This criterion was met.

11. Field fortification samples and blanks should be analyzed for correction of residue losses occurring
during the exposwre period. Fortified samples and blanks should be fortified at the expected residue leve)
of the actual field samples. Fortified blanks should be exposed to the same weather conditions. This
criterion was met.

12. Respirator pads should be removed using clean tweezers and placed in protective white crepe filter
paper envelopes inside sandwich bags. The pads should be stored in a chest containing ice until they are
returned to the laboratory, where they should be stored in a freezer prior to extraction. This criterion does
not apply to this study, as respirators were not wom by test subjects.

13. Analysis methods should be documented and appropriate. This criterion was met.
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Guideline 875.1600

1. A title page and table of contents should be included that conform with existing Agency requirements.
The table of contents should indicate the overall organization of the report and lists the page numbers for
each section. Tables, figures, and appendices should be listed separately. This criterion was met.

2. The introduction and summary should contain the purpose of the study and what requirements the
study is intended to satisfy. These sections should cover at a minimum the following points: the chemical
and formulation; the application rate in units of active ingredient per unit of area, volume of spray per unit
of area, and total units of active ingredient handled; the number of individuals participating in the study,
indicating duties and clothing worn during monitored activity; any unusual problems resulting in deviations
from the protocol; and a name and phone number of a contact person for the study. This criterion was met.

3. The materials and methods section should be in a narrative format and contain all details with regard to
the materials, equipment, experimental design, site description, and procedures used in conducting the
study. This criterion was met.

4. The analytical methods used in the study for each test (i.e. efficiency of extraction, field fortification)
are to be described fully and include method validation data, recovery and method sensitivity data, stability
date, sample chromatograms, and sample calculations. Preparation and handling of the samples throughout
the method should be described in detail. Additionally, instrumentation, equipment, reagents, and
operating conditions should be fully described. These criteria were met.

5. The results section should contain the scientific results of the study and must be interpretive. Narrative
and tables describing all calculations should be presented. The results shall be reported as described in
OPPTS 875.1000 under paragraphs (h)(6) and (1)(6). A samiple calculation for each separate mathematical
manipulation must be provided. These criteria were met.

6. The name, signature and date of the person(s) responsible for the major quality contro] duties should
be included. Also included should be the procedures undertaken by the registrant/laboratory to validate the
report. This may be a list of all andits and reviews performed that includes the study activity, the date
activities were performed, and the individual(s) involved. Any deficiencies and subsequent corrective
action should be described. These criteria were met.

7. The name and address of the location of the raw data and final report should be reported. This
criterion was met.

8. A signature page containing the dated signatures of all professionals and scientists involved with the
study should be included. This criterion was met.

9. Tables, figures, and references must be presented in a standard and consistent format. Tables are to be
numbered using Arabic numerals rather than Roman numerals. This criterion was met.

10. The Appendix(es) should contain copies of all relevant communications, a copy of the Agency-
approved protocol, and sample chromatograms, diagrams, photographs. or other pictoral material. This
criterion was mel.
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23% . § UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

L WASHINGTON, D.C. 20460

OFFICE OF
PREVENTION, PESTICIDES AND
TOXIC SUBSTANCES
December 5, 2008

MEMORANDUM

SUBJECT: Ethics Review of Zinc Pyrithione Worker Exposure Study

TO: Timothy Leighton
Antmicroblal Division

FROM: Kelly Sherman
Human Research Ethics Revicwer
Office of Pesticide Programs

REF: Wu, M. (2005) Assessment of Potential Inhalation and Dermal Exposure to Zine
Pyrithione During Outdoor Painting of Ship Hulls with Commercial Antifouling
Paint Containing ZINC OMADINE®. Unpublished study prepared by Arch
Chemicals Inc. under Study Identification No. BWEO03001. 630 p. (MRID
46707001)

I have reviewed the referenced document and determined that all applicable requirements
of EPA’s Rule for the Protection of Human Subjects of Research (40 CTFR Part 26) have been
satisfied.

Summary Characteristics of the Research

In thjs research, 31 dry dock workers were monitored as they performed tasks associated
wilh the commercial application of antifouling paint to the hulls of commercial cargo and
passenger ships. The research was conducied between November 2004 and April 2005 in
Boston, Massachusetls and Freeport. Grand Bahama [s)and. Subjects wore whole-body
dosimeters under fresh work clothes and Tyvek® hooded coveralls, dosimeter gloves under work
gloves, dosimeter patches on the back of their work shins and on the front of their coveralls, and
personal air sampling pumps for monitoring dermal and inhalation exposure.
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Some of the 31 workers were monitored more than once, for a total of 49 “replicates.”

All of the subjects were professional dry dock workers who normally performed tasks associated
with the commercial application of antifouling paint to ship hulls. No information is provided
about how the subjects were recruited, or what they were told of the purposes, procedures, risks,
benefits, costs, and other aspects of the research. The report does not indicate whether the
subjects consented to participate, or what form their consent took. The research was not reported
to have been overseen by an IRB or any comparable independent ethics review entity.

1.

Value of the Research to Society: The purpose of this study was to monitor and
quantify the exposure levels of zinc pyrithione to dry dock workers as they perform tasks
associated with applying antifouling paint to the hulls of commercial cargo or passenger
ships. The study was funded by Arch Chemicals Inc. It contributes to the assessment of
worker exposure while mixing, loading, and applying zinc pyrithione and possibly other
types of antifouling paint to commercial cargo and passenger ships.

Subject Selection: Although participating shipyards were reportedly selected to
represent a typical range of circumstances and practices, no information is given about
how the subjects were recruited or selected. Their gender, age, and pregnancy or nursing
status is not reported. There is no indication that any subjects came from an especially
vulnerable group.

Risk-Benefit Ratio: Neither risks to the subjects nor actions taken to minimize those
risks are discussed. Since subjects were performing their usual jobs and wearing both
PPE and whole-body dosimeters, the risks associated with their participation in the
research were low. The report does not identify societal benefits of the research or how
they would be distributed. or how the investigators weighed likely benefits of the
research against the risks to individual subjects.

Independent Ethics Review: The study does not report any independent ethics
oversight or review of the protocol or of the conduct of the research.

Informed Consent: The report is silent about whether informed consent was obtained
from the subjects. Because subjects wore extensive dosimetry, it is implausible that their
participation was not consensual. What is less clear is whether it was adequately
informed.

Respect for Potential and Enrolled Subjects: The report does not contain identifying
information about any of the subjects. It is not reported whether subjects were free to
withdraw frore the research.
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Applicable Standards

This research was initiated in December 2003, well before April 7, 2006, the effective
date of EPA’s amended Rule for the Protection of Human Subjects of Research. The report was
submitted to EPA on December 5, 2005, before the effective date of EPA’s Amended Rule, and
thus it was not subject to the requirement of 40 CFR §26.1303 to document the ethical conduct
of the research.

The amount of active ingredient handled was not manipulated by the investigators, nor
was subject behavior or the equipment they used influenced by the investigators. Therefore, the
research may not constitute “research involving inientional exposure of a human subject” as that
phrase is defined in the rule at 40 CFR §26.1102(i). However, documentation of how
cooperating employees and employers were recruited is inadequate to support a definitive
finding.

The Agency’s rule defines standards that EPA must apply in deciding whether to rely on
research—like this study—which may have involved intentional exposure of human subjects.
(See 40 CFR §26 subpart Q.) Because this study was initiated before the effective date of the
rule, the applicable acceptance standards from 40 CFR §26 are these:

§26.1703. Prohibition of reliance on research involving intentional exposure of
human subjects who are pregnant women (and therefore their fetuses), nursing
women, or children. Except as provided in §26.1706, in actions within the scope of
§26.1701 EPA shall not rely on data from any research involving intentional exposure of
any human subject who is a pregnant woman (and therefore her fetus), a nursing woman,
or a child.

§26.1704. Prohibition of reliance on unethical human research with nonpregnant
adults conducted before April 7, 2006. Except as provided in §26.1706, in actions
within the scope of §26.1701, EPA shall not rely on data from any research initiated
before April 7, 2006, if there is clear and convincing evidence that the conduct of the
research was fundamentally unethical (e.g., the research was intended to seriously harm
participants or failed to obtain informed consent), or was significantly deficient relative
to the ethical standards prevailing at the time the research was conducted. This
prohibition is in addition to the prohibition in §26.1703.

FIFRA §12(a)(2)(P) also applied to this research. This provision reads:

In general, (1]t shall be unlawful for any person . . . to use any pesticide in tests on human
beings unless such human beings (1) are fully informed of the nature and purposes of the
test and of any physical and mental health consequences which are reasonably
foreseeable therefrom, and (i1) freely volunteer to participate in the test.
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Compliance with Applicable Standards

All subjects were adults. The study is silent with respect to the age, sex, and pregnancy
or nursing status of the subjects, but there 1s no indication that any of the subjects were pregnant
or nursing women. In the absence of any information suggesting that pregnant or nursing
women were among the subjects, the Agency’s view is that reliance on the study is not
prohibited by 40 CFR 26.1703.

40 CFR §26.1704 forbids EPA to rely on data from pre-rule research—such as this
study—if there is “clear and convincing evidence that the conduct of the research was
fundamentally unethical (e.g., the research was intended to seriously harm participants or failed
to obtain informed consent), or was sjgnificantly deficient relative to the ethical standards
prevailing at the time the research was conducted.” This study had a clear research purpose and
was not designed with the intent to seriously harm the subjects. There is no direct evidence that
the subjects provided consent, but it is unlikely that the workers could have been compelled to
wear the dosimeters and air sampling equipment without their consent. Although there are
significant gaps in the documentation of the ethical conduct of this research, these gaps do not in
themselves amount to “clear and convincing evidence.” I found no evidence that this research
was fundamentally unethical, or that its conduct was significantly deficient relative to standards
prevailing at the time it was conducted. 40 CFR §26.1704 does not prohibit EPA reliance on this
research.

FIFRA §12(a)(2)(P) requires that human subjects of research with pesticides be “fully
informed of . . . any physical and mental health consequences which are reasonably foreseeable™
from their participation in the research. The study does not report what the subjects were told
about the potential health effects of participating in this research, or whether they consented to
participate. The lack of documentation regarding informed consent is a significant deficiency,
but this deficiency does not, in my judgment, necessarily indicate that the subjects were not
properly informed or that their participation was non-consensual, in violation of FIFRA
§12(a)(2)(P). Uncertainty in this respect could be removed if further information were obtained
about the process and content of informed consent in this study.

Conclusion

Although there are many significant gaps in the documentation of the ethical conduct of
this study, there is no clear evidence that the research was intended to harm participants, or that
it was fundamentally unethical in other ways. Deficient documentation does not itself constitute
evidence that the ethical conduct of this study was deficient relative to standards prevailing when
it was conducted.

I therefore conclude that, whether or not the reported research met the regulatory
definition of “research involving intentional exposure of a human subject,” there is no barrier in
law or regulation to EPA’s relying on this research in its actions taken under FIFRA or §408 of
FFDCA. 1 defer to others for a full review of the scientific validity of this study. If it were
determined not to have scientific validity, it would also not be ethically acceptable.
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