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The National Institute for Occupational Safety and Health (NIOSH) conducts field investigations of possible
health hazards in the workplace. These investigations are conducted under the authority of Section 20(a)(6)
of the Occupational Safety and Health Act of 1970, 29 U.S.C. 669(a)(6) which authorizes the Secretary of
Health and Human Services, following a written request from any employer or authoriaed represemative of
employees, to determine whether any substance normally found in the place of employment has potentially
toxic effects in such concentrations as used or found.

NIOSH also provides, upon request, technical and consuhative assistance to Federal, State, and local
agencies; labor; industry; and other groups or individuals to control occupational health hazards and %o
preventrelated trauma and disease. Mention of company names or products does not constitute endorsement
by the Nanonal Institute for Occupational Safety and Health.
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On December 19, 1997, the National Institute for Occupational Safety and Health (NIOSH) received a
request for a health hazard evaluation (HHE) from the management of the UniSea shore-based crab
processing facility in Dutch Harbor, Alaska. They were concemed about respiratory illness among workers
including bronchitis and asthma. The NIOSH study consisted of early-season and late-season medical and
environmental surveys during the 1998 opilio snow crab season.

The objectives of this investigation were to understand the nature of respiratory illness observed in crab
processing workers, to identify areas and sources of exposure, to identify any relationships between crab
processing exposures and respiratory bealth outcomes, and to develop strategies to prevent illness in crab-
processing workers. :

The two surveys included a symptoms questionnaire, lung function testing, and blood collection. The
environmental evaluation consisted of air sampling for aerosolized protein, crab allergens, endotoxin and
micoscapic analysis of materials splashed on workers and breathed by workers.

An over-all participation rate of 76% of workers was attained for completion of both the early and late-
season questionnaires. At the early-season survey, five individuals noted a previous doctor-diagnosis of
asthma. -Over the course of the season, one of the participants with a previous doctor-diagnosis of asthma
experienced significant work-related worsening of asthma. In addition, one individual working in crab
processing and one individual engaged in related activities acquired a new doctor-diagnosis of asthma
during the season. '

In this investigation, combination of symptoms were used to defme specific health outcomes. The percent
incidence of new cases of the upper respiratory outcome was 56%; of the asthma-like outcome 26%; and of
the bronchitic outcome 19%. Workers with a positive family history of allergies or working in the butchering
area hada significantly increased risk for developmentof the upper respiratory outcome. For theasthma-like
outcome, male gender, family history of allergies, elevated ECP (a protein in the blood indicating
eosinophilic inflammation), butchering activities and degilling activities were risk factors significantly
related with the outcome. For the bronchitic outcome, significant association was found among workers with
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age less than 35 years, male gender, elevated antibodies to crab (serum anti-kanimiso IgE and anti-Pagurus
crab IgE)) elevated serum ECP and the task of degilling.

Although this investigation was limited due to the relatively small size of this population, data sbhowed
development of new respiratory symptoms and asthma among crab processing workers over the six weeks
of crab processing. These problems appeared to be occupationally related. Higher prevalence of IgE-
sensitization to crab among new or "naive™ workers suggests that workers susceptible to respiratory iltness
related to crab processing may be more likely to leave their job (* healthy worker effect™). In part because
the precise etiological agent causing respiratory symptoms was not fully characterized, exposure assessment
did not allow evaluation of dase-respouse relationships.

During the cowse of this mvestigation data indicated that a health bazard existed from exprsures related to crab
processing. Both new onset of asthma and increased burden of respiratory symptoros relative to the
survey were obsoved. Rannmmdﬂimstolhnitﬂneimpaaofluphumrypoblemsm@ibdhﬂn

KcywuthSlCOochlM((hbulaedwurk).asthma,allay crab, sea food, IgE, micuscopy, spirandry,
evitummental assessiment.
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On December 19, 1997, the National Institute for

Occupationa] Safety and Healtb (NIOSH) received
amanagement request for a bealth hazard evahmtian

(HHE) at the UniSea shore-based crab processing

facility in Dutch Harbor, Alaska Reporwd
respiratory illness among workers included colds,
consisted of early-season and late-season medical
and awviromenmal surveys during the 1998 opilio
snow crab seasan.

The objectives of this ipvestigation were to
understand the natire of respiratory @llness observed
in cab processing workers, t0 characaerize
workplace expoarress, identify areas and sources of
antigenic expasire, determine the relative degrees of

opaare in different areas of the plant and among

the various groups of processing workers, assess any
I . identify amy relaionshy
between crab processing expusures and respiranxy

On January 23 to 28, 1998, the early-season survey
was conducked at the facility. The medical
cvaluation of the crab processing workers consistexd
of a symptoms and occupational history
q.mqymary(hmgﬁmmmm
venpchire (blood collectian). The enviranmaita)
cvaluation cansisted of air sainpling for acrosolized
protein, gab allegens, and endotoxin. Bulk samples
of snow crab products were collected for allergen

On March S to 10, 1998, the late-season portion of
the srvey was conducted at the faclity. - The
medical evaluation camsisted of follow-up testing
and guestamaire of the same group of crab
processing workers who completed the early-season
survey. The avirsuranal evaluation consisted of
more air samples for aerosolized protein, cab
allesgens, and enddtoxin.  Air samples were also

collected for microscopic particulate  analysis,
volatile organic compamds (VOCs), carbon
manaxide, and ammonia. Bulk samples from the
crab processing tanks were collected for
micobiological and elemental metals analysis In
addition, direct reading aeT050] measurements were

The UniSea Dutch Harbor Facility

The UniSea facility is located in Dutch Harbor,
Alasha, which is on the Aleutizm island chain in the
Bering Sea. The entire UniSea complex covers 44
acres, with a separate building dedicated to crab
pracessing. Opilio snow aab (Chicruexztes opilio)
is processed from January through March and the
brown king aab (Lihndes aequdspias) from
Septenber to November. The crab workers do
differet job tasks at various wark stations in a large

~ open facility. Other buildings of the facility are

dedicated to fish processing (pollock, cod, and roc).
Two production plants in the facility process pollock
into imitation crab meat or surimi. An additional
facility, known as the “meal plant,” is located in a
separaie building. In this area, crab shells are
qQushed, processed, and bagged for use in fillers,
fertilizers, etc.

Crab processing workers are wsually hired seasonally
and sign contracts for 3 to 4 month periads. Many
are non-English speaking immigramts to the U.S.
Appraxinately 160 crab processing employees wark
12-howr shifis, 7 days a week, for nearly 60 days
during the crab harvesting seasan. The day shift runs
from 6:00 a.m. to 6:00 p.m. and the evening shift
from 6:00 p.m. to0 6:00 am. Worlsss have two 15-
minute breaks and a 30-minute meal break during
each shift. During the processing season, warkers
live in bunk houses provided by the comparry.

Health Fiazard Eveluation Report No. 98-0089

Page 1



Crab Processing and Potential Exposures

The process begins with commercially harvested
male opilio snow crabs that asrive live in the holds of
ships (See Figure 1. Diagram of Snow Crab
Processing at UniSea). The snow crabs are
tansponed from the ship holds onto the plant dock
by UniSea employees called offloaders. It takes up
to three (12-hour) work shifts for 6 to10 unloaders to
empty each ship, which can hold 40,000 to 60,000
pounds of crab. From the dock, forklifts ransport
the aabs to a bopper that supplies 10 butchering
work stations. Butchering employees grab each arab
by the legs and then using a semi-rigid plate around
their abdomen, push the arab’s body shell against a
fixed dull metel blade. The body splits open and the
leg clusters s=parate from the shell. Shells from the
body fall away and are ground up in a s-parate
process (meal plant). The mtemal organs or
kanbniso are colected and flash fraaen for the Asian
market

Crab legs are wranspartal from the buikchers via
conveyar belt to 25 degilling employees, who
remove the gills on a rotating blade. The degilled
crab leg clustes are cunveyed to the packing and
sorting line. Approximstely 40 employees called
packers sort the crab legs imto three grades (based on
appearance, size, and condition) and pack the
clusters imto 30-pound stainless steel tubs. The tubs
are weighed and sent to the cooking tank. An
overhead cauveyor lowers a stack of tubs imto the
cooking tank, where they are cooked in fresh water
at 210°F for about 15 minutes. A worker called a
cooker is stationad at each end of the cooking tank.

After cooking, the tubs are transferred to an ambient
water tank (fresh water at room temperature) for
rinsing and cooling. The crab tubs are then
oaspartad to a tank of water chilled to 33°F to
further reduce their temperatwre. Fnally, the crab
tubs are sent to a brine tank (with salt [NaCl] added

in a saturated solution for freezing point depression) '

at -3°F. The crab legs are fraaen in the brine tank.
After the brine tank, the crab tubs are rinsed in a

fresh water glaze tank to remove excess brine. Eight
employees work at the cooking and cooling tanks.
Ten workers in the case-up and shipping area
transfer the crab legs from the tubs into cardboard
boxes and place them in a large freezer (<40°F) until
shipment to wholesalers. Ammonia is used as the
refrigerant for the freezer, chiller and brine tanks.

In addition, 10 to 12 employees wark in sanitation,
4-6 in guality control, 10 in maintenance, and 2 in
laundry service. There are S supervistas called team
leaders working each shift. During the processing
season, workers sometimes rotate amang the
different work stattons. Workers in the crab
processing plant wear persona) protective equiproant
that includes hard hats, safcty glasses, ear plugs, rain
suits, and insulated rubber gloves and boots.

Workers are potentially expased to spray and aab
particulate generated during the butchering, degilling
and cooking processes. Any warkers engaged in
tasks in the vicinity of these processes may also be
exposed (Figure 1). In addition, crab warkeys could
also be mvolved in the surimi or meal plant
operations, depending on UniSea’s praduction needs.

Occupational Respiratory Disease Associsted
with Crab Pracessing

Asthma is a chronic inflamsnatory disorder of the
abways. Inflammation makes the abways
chronically sensitive, or hypenresponsive. When
is limied and axacertations camse brenmitent
respiratory symptomns, including shortness of treath,
whexzing, chest tightness, and cough. Making the
diagnosis of asthma can be both difficult and
challenging.  Diagnosing asthma requires
appreniating the underlying disorder that leads to
asthma symptoms and wdastading how to
recogniae the condition through mformatian gathered
from the patient’s history, physical examination,
measurements of hmg function, and allergic status.’
In acupational asthima, airway obstruction is cansed
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or made wurse by workplace expousure o dusts,
fumes, gases, Or vapars.

Asthma or asthma-like illness has been identified
among crab processing workers, > but the incidence
rates, host risk factors, and course of disease have yet
not been fully described. The mechanism is most
likely 0 be mediated by IgE allagic respanse. In
1982, N10SH reportad a survey of 46 sympiomatic
crab-processing workers visiting a bealth clinic in
Dutch Harbor, Alaska. The investigation concluded
that duing the crab processing scasan, the
estimated rate of onset of dyspnea with wheeze was
80 times the monthly mcidence of asthma for
similarly aged Americans?

Soow crab, in particalay, has been implicated in

cases of aupatiana) asthma amang processing
workas** A prevalence nate of 15.6% for

axpational asthma (OA) was reportad  Early -

reparts suggested that asthma in crab processing
workers is an immunologically mediated process
with alatency peiod resulting in both immediate and
late symptams. An IgE medisied respnse 0 a high
molecular weight antigen liberated during the
crushing of shells, boiling of whole crab, cutting and

separating legs and claws was the proposed

mechanism. In workers with asthma, an assciatian
was found between skin test reactivity (IgE) to crab
cooking water and three commercial crab extvacts.
In this study, 12 of 46 subjects with acupatianal
asthma (confinned by immmologic and mhalation
challenge tests) also manifested signs and symptoms
ofallagy:ﬁu'atmgaab’

While smdmhavemgg&edﬂxﬂlgf-}medm

respiratary illness is caused by expoame and
sensitization %o airbome antigen in crab processing
facilitics, the involved antigen has not been fully
speculated to be mvolved in allergic reactions to crab
and other owtacea are the o0pnyasins. ~ The
tropamyusin family consists of heat-stable highly

homologous proteins, sosme of which have allergenic .

propaties  The structure of Gupomyusins from

insecta, arachnida) and mammalia (tumans) has
been previously defipad A recent repart described
the molecular characteristics of the major IgE-
reactive molecule in crab, called Cha f 1, with a 34-
kD (kilodaltons) molecular weight®  This
nvestigation was based on sera reactivity (IgE) of
individuals with an allergic reaction t0 crab after
mgestion.

Summary of Erviranmental Characteriastions of

" Crab Proce<sing

Several environmental evahmtions conducted at crab
processing facilities have been reported in the
lierature (see Table 1. Summary of Envirammerntal
Evahluations). In respanse 10 an outbreak of crab
asthma, the Washington dustrial Safety and Bealth
Adminisratian conducted a case stndy in a crab
processing facility where crab legs were split with a
band saw and scored using a rotating blade* The
eovirammental assessment included five total
particulate air samples collected over a3-hour period
10 determine “crab dust” exposwres. On the splits
line, employee expasures were 0.11 and 0.16 mg/m’®
(milligrams of dust per cubic meter of air). On the
scoring line, employee exposires were 0.03 mg/m*®
or Jess.

An envitunmental study was conducted aboard a
tannes crab processing ship in the Bering Sea.” Total
airbore particulate collected during tutchering and
packing ranged from 0.14 %0 0.68 mg/m” for four
samples. Fourier-transform infrared
microspectroscopy (FT-JR) revealed a mix of
protein, cellulosic and synthetic fibers, silicates, and
pigment constituent particles. WX—
ray analysis (SEM-EDX) of inorganic particles
revealed silicon, aluminum, and iron. Area samples
collected with a Burlerd Sampler near steam cookers
yiedlded an ammay of fluorescent particles
(205,600/m), aystalline structures (98,000-
392,000/m°), and other materials.

A study conducted at a Camadian snow crab
processing plant idetiicd the presence of
aerosolized snow crab allergens through

MHealth Hazard Bvaluatian Repart No. 98-0069
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radioallergosorbent test (RAST) inhibition assays of
air samples.® Samples were analyzed by RAST-
inhibition for snow crab allergen, first using cooked
snow crab meat or cooking water extract, and then
using cooking water extract only. The highest
protein concentration and the highest RAST-
inhibition actwvity (13% inhibition with crab meat
and 23 to 28% mhibition with cooking water) were
found in the cooking area. The snow-craballergenin
this area was approximately 1.7 pgffilter
(micograms of allagen per filter). Samples from
other processing stations within the facility were
charactenzed by low protem concentrations and
minimal mhibition activity. Conclusions of the study
suggested that snow crab processing workers become
sensitized through airbame dispersian of snow crab
antigen during the cooking process.  The airborne
caab-derived proteins were suggested as the cause of
allergic reactions and ocoupationa) asthma.

More recemly a study conducted by the same group
of investigators at a snow crab processing facility
focused on idanifying areas and tasks associzted
with high snow crab allergen exposwe.’ Area and
personal samples were taken to detenmine problem
tasks and areas. Samples were analyzed by RAST
inhibition assays, measirad against a show crab
cooking water allergen standard Parsona) samples
measured higher crab allergen exposures than area
samples. Of all the processing locations, the crab
cracking section (where the body of crab is broken
and legs are brushed) had the highest allergen
amcenraian. The cooling basin exithad thesecand
highest allergen concentration, followed by workers
cleaning (under a water jet) and sorting aabs for
packaging. A personal sample at the end of the
productian line bad the lowest antigen expasure
measured.

Environmental Methods

Persona) and area air samples were collected at the
facility during opilio snow crab grocessing to
measure concentauons of acrosolized protein (using
two different methods), crab allagens, and
endotoxin - both the total and respirable fractions.
The respirable fraction are particulates that may
penetrate deep to the gas exchange region of the
hmgs. The total fraction are particulates of a size
range that may deposit anywhere within the
respiratory tact. The total particvlate fractian
includes the respirable fraction.

Bulk samples of the processing tank water were also
collected for micobial and elamartal metals
analysis. Real-time direct reading instruments were
used to measuwre ammonia and carbon monawde
concentrations. The plant operations were evaluated
at full production during the air sampling periods
(approximately 8 to 9 bours). A summary of the
various environmentel methods is shown in Table 2.

Micrascopy Aunalysis

Air samples were collected for micuscopic analysis
by drawing air at a flow rate of 2.0 liters per minute
(L/min) through polycrbonate filters. An open face
cassete was used to help insure an even density of
particles across the filter. Settled dust sampling was
conducted by placing glass migoscope slides at
various points throughout the facility. For certain
jobs, the surface of new safety glasses, warn for a
specified period, was used as a surface sampling and
analysis device. Surface and filter ssmples were first
examined with a stereomicrascope, followed by tight
and scaming electon migusopy. Prior to
examinatian of the field samples, bulk samples of
crab were obtained and individual fragments of
meat, gill, and shell were dissected out and studied

using a variety of microscopic techniques.
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Direct Reading Aerusol Measurements

Real-time weasuramrants of acrasol exposure wae
made using a Miniram acrasol phatometer. The
meter was oparatad in the passive mode and one-
second averages were stored on a Metrasonics data
logger. Both persona) and area samples wae
collected. In order to relate periodicity of Miniram
data to workplace dynamics, video @nages were
collected during area and personal sampling
segments in the cooking area. Dynamic graphs of
agosol data wae aeated using LabView data
acquisit g :

Aerusolized Protein Analyxis

It was presuined that measrement of aerasoliaed
crab protein could be used as a surrogate measve for
expaswe t0 unknown crab coustitsefis causing
respiratary symptoms and illness; and also could be
used to dexmine relative degrees of employee
expaswre in the various job classifications and plant
Jocations.  Samiples were collected on 37mm glass
fiber filters and analyzed for total (collected at 2.0
L/min) and respirable (at 1.7 L/min) protein aerasol.
All area samples were collected with open face
cassettes to maximize uniform aerasol Joading and
exposal filation area. Based on the splatter
assnciated with plant processing conditions, persona)
sampling was collected with closed face casscttes,
Samples wae malyzzd by the micao-Kjeldahl
method. The limit of detection (LOD) for this
analysis was 0.01 milligram (mg) of total Kjeldahl
nitrogen per sample and the limit of quamification
@LOQ) was 0.04 mg. The minimum detecmble
concentration (MDC) was 10 pg/ur’, based on an air
sampling volume of 960 liters. Samples for the
micro-Kjekiahl analysis were only collected during
the early-season survey.

Microbiological sampling was conducted _to

deternine the exient of any potential contamination.
Bulk samples of the plant processing water were

collected and analyzed qualitatively for bacteria,
fungi, and algae. The liquid samples were collected
in staile containers from the vanous proce<<ing
tanks. Samples were collected from the banimiso
water tray, cooking tank, ambient water tank, two
chiller tanks, two brine tanks, two glazing tanks, and
the pan washing tank. Sea water was collccted as a
control sample. Baceria) cultures were grown in
tryptic soy agar (TSA) and incubated at 5, 25, 35, or
55°C. Fungal culures were grown in 2% malt
extract agar (MEA) and incubated at S, 25, 35, or
55°C. The samples were incubated at temperahures
consistent with the plant processing tank conditions.
After incubation, the predominant genera growing in
each sample were identified and canrted as coloay
forning units (CFUs). Algse culumes were
examined to identify Hematodinium-like
dinoflagellates.

Volatile Organic Compounds Analyxis

Samples were collected from vanious areas within
the processing plant during both production and non-
production shifis  Samples were also collccted
outside and in two other facilies buidings
Samples were submitted for qualitative analyses of
VOCs using gas duamawgraphy/mass spectrametry
(GCO/MS).

Area air samples for VOCs were collected on
thermal desarption tubes. Thermal desarption tubes
are extremely sensitive for sampling VOCs when
concentrations are expected to be low. Each thermal
desorptian tube comained 3 beds of sorbent material,
a front layer of Carbotrap Y (90mg), a middle layer
of Carbutrap B (115 mg), and a back layer of
Carbaxen 1003 (150 mg), all boused in a stainless
steel tube. Prior to field sampling, each tube was
conditioned for2 hours at375°C. Samples were dry
pwged with helium for 30 minutes at 100 cc/min to
remove water. During the enviramment) s\rvey, air
was drawn through each thermal desorption tube at
a constant flow rate of 50 ml/min for a maximum of
two bours. Samples ware amalyzed with a Perkin-
Elmer avtomstic themal desasption system

Heaith Mazard Eveluation Report No. $8-0069
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interfaced with a gas chromatograph with a mass

Elemental Metals Analysis

Elemental metals analyses were conducted on bulk
samples from the plant processing tanks to determine
if any heavy metals were present that would mtexfere
with the immunological &esting. The water samples
were collected in contamers from the various
processing tanks.  Samples were collected from the
kanimiso water tray, cooking tank, ambient water
tank, two chiller tanlss, two brine tanks, two glazing
collected as a control sample. The samples were
digested and analyzed by inductively coupled plasma
emission spsumpyaccordmgtoNlOSH Method
7300.®

Carbon Monoxi;le Analyzis

Potential sources of carbon monaxide (CO) were
from the oil-fired boiler on the loading dock and
from propane-fueled forklifts used twoughout the
plant. Sampling of CO was conducted in the bunk
house (dormitory) area above the processing facility.
Area concenrations of CO were determined with a
directyeading Industrial Scientific STX70 gas
monitoring instument.  Measurements were
collected via a datalogger over a 2-day paiod. The
measwing range of the CO monitor was 0 to 999
ppm, in 1 ppm increments. The acauracy of this
msiument was £10%. The insoument was
calitrated in accardance with the manufachmer’s
wsbuctians prior 10 use.

Ammonia Analysis

Ammonia (NH,) sampling was conducted near the
chiller and brine tanls where ammonia is used as a
refrigerant. Area amcentrTums of ammonia were
determined with adirect-reading Industrial Sciomific
STX70 gas monitoring instrument. Measurements
were collected via a damalogger over a 2-day paiod.
The measuring range of the NH; monitor was 0 to0 99

ppm, in 1 ppm ingenarts.  The acamracy of this
msoument is +10%. The insrumem was calibrated
in accordance with the manufachrer’s msthxctions

prior to use.

Immunological Methods - Development
and Analysis

Serclogical Studies

Blood samples collected from study participants
were analyaed for total and sperificimmunoglobulin
E (IgE) antibodies and eosinophil cationic protein
(ECP) using a standard commercial assay
(Pharmacia/Upjohn, Kalamazon, MI). Blood was
centrifuged, and serum was collected and stored at -
20°C until analyaed. Sera were also analyzed for
specific IgE antibodies to common ecrmllagas
using commercial standard methods and to snow
crab with assays prepared at the NIOSH laburatory
(sce below). All samplsweremedinduplicatc,
Serological methods used in ﬂns study are
summarized in Table 3.

Total IgE Antibodies and Eosinophil Cationic
Protein

Tosel IgE and ECP sera levels were measured using
the CAP® method (Pharmacis/Upjohn, Kalamazon,
MI), following the manufacturer’s recommendad
procedure. In this mvestigation, ECP levels of 23
pg/l or greater were considered suggestive of an
active inflaimmatory process” In the adult
population, total IgE levels greater than 100 kU/L are
considered abnormally elevated.? nreases in total
serum IgE levels may be noted in allergic diseases,
parasitic infestations and other systemic conditions.
The great majority of patients in the general
population with elevated serum IgE have atopic
disorders such as allergic rhinitis, atopic dermatitis or
asthma. As with other laboratory tests, the total
serum IgE can be properly interpreted onmly in
reference to pertinent clinical mformaton. Thus, a
low serum total IgE level does not rule out serious
allergic potential; similarly, asymptomatic
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individuals with high serum IgE levels are also
encoamierexl _

Specific Antibodies

To assess atopiC sWNS, cOmMmOon enviramnental
allagens were also evaluated using the CAP®
method (Pharmacia & Upjohn, Kalamazon, MI).
Antibodies to a house dust mite mix
(Dermaiophagoides pteramyssims, D. farince and
Gemman cockroach), a mold mix (Penicillaum
naawn, Cladasporium herbarum, Aspogillus
fumigatus, and Alternaria alternaia), a weed mix
(ragweed, mugwart, English plantain, Russian
thistle, and lamb’s quarters), and an epidermal mix
(cat, dog, horse, and cow dander) were measured,
following the manufacturer’s recommended
pracexiure. Pharmacia CAP results ranged from class
0 (oegative) to class IV (strongly positive). Results

were expressed as pasitive if class 11 or greater. -

Atopy was defined as having one or more positive
tests. .

Allergen Extract Preparation
Fwt;pesofallagmemdmowmbm

prepared from bulk samples collected during the

water fram the tank used to cook the crab Jegs,
cooked and uncooked crab meat, and lanimiso. For
details refer to Appendix 1.

Crab-Specific IgE Antibodies

All sera were initially assayed far IgE antibodies to
crab, using a commercial Pagurus crab CAP® assay.
A standard curve was constrocted for each assay and
were used as recomnendad by the mamifacturer.
Test results were expressed depending upon binding
relative to known pasitive standards provided with
the commercial assry. A scare equal to or greater
than 2+ was considered positive. Sera initially
screened using this method weare charactarized as
strongly positive, weakly positive, or negative.

In addition to the CAP® Pagurus crab assaxy, RAST
assays were developed at the NIOSH Immunology
laboratory for the dexction of specific IgE antibodies
to allergens in snow crab cooking water and snow
crab kanimiso, as previously desoibed ® A known
pool of sera pasitive to snow crab (provided by Dr.
Samuel Lehrer, Tulane University) was used as a
pasitive cantrol for allagen prepwatians.  The
optimal concaUabians of four allagen extracts
(cooking water, uncoaked meat, cooked meat, and
kanimiso) were determinexl.  Binding of IgE
antibodies was detexted using an I™-labeled anti-
human IgE (Diagnustic Products Corporations, Los
Angeles, CA). RASTs paformed using allagens
derived from cooking water, uncooked mest, and
cooked meat gave nearly idemtical results. Allergen
from crab cooking water was chosen to be used
based on results of sodium duderytaphate (SDS) -
polyecrylamide gel clectiopharesis stodies (see
Appendix 2). Results were expressed as a RAST
allopen-amea] beads by counts bound by human
serum albumin (HSA)-coated beads. Pusitive tests
were defined as a score equal to or greater than the
Mpawmkammgmapusuiwnwukasm
the early-season survey.

Envimnmental Samples for Allergen Content

Air samples for snow aab allagens, total
aerosoliaed protein, and endotoxin were collectd on
37mm glass fiber filtxs. From oone air sampling
filter, results were reparted for aab cooking water -
alleagen, kanimiso allagen, protein, and endataxin.
Arca samples were collected at 2.0, 4.0, and 10
L/min. Persanal samples were collected at 2.0 and
4.0 L/min for the total fractian and at 1.7 L/min for
the respirable fraction. Area samples were collected
open- face and personal smoples ware collected
closed-face. For additiona) details refer to Appendix
2 _
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Protein Ana)jxis of Environmental Samples

The total protein content of the filter extracts
was determined by a modification of the Lowry
assay by Bio-Rad Laburatories (Hercules, CA)
. adapted for low concaatons of protein. The
LOD for the assay as performed was 5.0 pg/ml
or 50 pgffilter using bovine serum albumin
(BSA) as the standard. The MDC was 52
pug/m’, based on an air sampling vohune of 960
liters. The protein content of the crab meat
extracss and concentrated cooking water was
determined by the Bio-Rad DC Protein asszy for
high protein content samples which had a 100
pg/ml limit of detection using BSA as the
standard.

Endotoxin Analysis of Environmental
Samples '

The endotoxin content of the extracts of air
sample filters was determined by the Kinetic-
QLC Limulus Amehxcyte Lysate assay
(BloWhmaku- Inc, Walkesville, MD), using
the manufacirer’s ranmended procedure.
The resuls are reported in terms of endotoxin
units per cubic meter (EU/m") and were
carected for field blanls. The LOD for the
assty was 0.05 EU/ml or 0.5 EUffilier. The
MDC was 0.52 EU/m’, based onan air ssmpling
volume of 960 liters.

Medical Methods

The medical surveys were conducted near the
begirming and end of the 1998 opilio snow crab
season in January and March.  Advance
announcoment of the NIOSH medical surveys was
distributed to all crab processing workers by UniSea
management. UniSea scheduled willing participants
for these medical evaluabans during their work
shifts.

Stody Participants

All workers identified by management as "crab-
processing workers" were eligible for entry into the
stndy. Exclusions from the subsequent group
analysis were as follows: 1) Failure to complete both
early and late season questiormaires; 2) Failure to
meet the defmition of being a "crab processing
worker® (at least 4 weeks of doamemad time in
crab-processing job categaries; see "job ctegories”
below).

Questionnaire

Trained interviewers administered questions
modified from the British Medical Research Council
respiratory questionnaire® and the Imemavanal
Union Agamst Tuberculosis and Lung Disease
questiannaive." Participants were asked about upper
and lower respiratory Symptoms, skin symptoms,
parsonal and family health history, wark history,
work activities, tenure in the crab adustry, housing
location, and tobacco use. Spanish and Tagalog
tanslations of the questionnaires were used when
appropriate.

Case Definitions

Changes in individual self-reported symptoms over
tirne were evaluated among participants completing
both the early and late-season swvey questionnaires.
Aggregates of symptoms were classified in the
following categories: upper respuvatory outcome,
asthma-like outcome, tronchitic outtome and
finctional impabment. '

Health outcomes were defined based on self-reported
symptoms (see below). Please note that questions
marked with an asterisk (*) at the early-season
represent ‘the last 12 moaths® and for those in the
lato-sasmqu@mnempresem‘ﬁ)elaswws
- during the crab season’.
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Upper Respiratory Ovtcome: Was defined as a
“yes" answer to any of the following questions 1)

do you usually have stuffy nose, or drainage at the -

back of your nose?; or 2) have you had two or more
epsodes of blocked, itclry, or nrmy nose®?

Astbms-lile Ovtcome: Was defined as a “yes”
answer to at Jeast two of the following questions: 1)
does your chest ever sound whexzing or whistling
apart from colds or most days or nights each week?;
2) do you cver have attacks of shortness of breath
(SOB) with whexzing or whistling and your
breathing was absolutely narmal between attacks?,
3) have you been bothered by tightness in your
chest®; 4) have you been awakened by an attack of
coughing, wheezing, or SOB?; and 5) have you had
an attack of SOB or coughing that came on during or
shortly after you stopped exarcising?

Bronchitic Outcome: Was defined as a “yes”
answer to both of the following qu=stions: 1) do you
usually cough on getting up, or first thing in the
moming?; 2) do you usually bring up any phlegm
from your chest on getting up, or first thing in the
Fuanctiona) impairment: Was defined as a "yes”
answer to any of the following questions: 1) are you
toubled by shortness of reath when Innrying on
level ground or walking up a slight hill?; 2) do you
get shart of breath walking with otber people of your
own age on level ground?; 3) do you have to stop for
breath when walking at your own pace on level
gound? ) :

Other factors

Tenure Status: Participants were divided into two

groups based on their tegure in the crab industry.

Those with four weels or Jess work expariexz inthe

caeb industry at the carly-season survey were
amrsidared aaive. The remaining participants were
anrsidered "experencd” worlexs. This pariod of
time was selected because the initia) survey began
after the first week of the seasan and lasted two

weeks Therefore, a “naive“worker could be working
in crab processing for up to three weeks at the end of

| the early-season arvey.

Housing Statas: Participants were classified imto
two groups according to the place where they were
boused. Those that lived in buildings away from the
processing plant were cmsidered "off-site”. The
. . . . were considered "anite".

Job Categories: Although job categaries changed
during the cab season for most of the workers,
warkers were classified into ooe of the following to
facilitate the understanding of bealth outsames
asstciated with job category: wrilaading, butchering,
mixed/clean. Tobe included in the analysis, a warleer
must have speat at least four weeks in crab
processing. Workers were grouped in each of the job
categories if they had warleed in that job for three
weeks or more and time spext in that job exceeded
time spet in all other jobs. Warkers were
categorized as having a mied job type if they had
ot spent at least three weeks in a single job or if
time spext in a job did not exceed time spent in other
jobs. The mixed/dirty group included warkers with
at least three weeks total in butchering, degilling or
cooking. The mixed/clean group included warkers
with less than three weeks in those activities.

Potential high expasures: Warlers involved in job
categories where greater acrosol genazation was
obsarved (visually) were also grouped. These jobs
included butchering, degilling and cnoking.

Spirometry

Spirometry was performed fallowing the standard
American Tboracic Society (ATS) guidelines %

spirameter interfaced to a dedicated computer. Tests
were conducted in a standing position and
administered by trained txdmicians. At least five
maximal expiratory blows were recorded for each
test. All measured volumes were conrected to BTPS

Hoal Haxard Evakastion Report No. 98-0069
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(body temperahure, ambient presswe, saturated with
water vapar). The largest forced vital capacity
(FVC) and forced expiratory volume in one second
(FEV,) were selected for analysis, regardless of the
blows in which they ocowrad.

Predicted valves were cakulated using published
reference equations™  Predicted valuves for blacks
were determined by multiplying the predicted value
by 0.85 to correct for chest size as compared to
Caucasians and native populabons.™ All spirometry
tests that resulted in interpretable results were used
in the analysis Abnormal tests were defined
results lower than the 95* perceutile limit of the
predicted value (ie., the Jower limit of pormal
[LIN]D. Five percent of a large population of
asymptomatic nonsmokers would be expated to
bave test results that fall below the LN, while 95%

would bave test results above the lower limit®™

Abnmmﬂhdmnl&wuemgamdshvmga
pattern sugs!mg obstruction or resfrician as
followx :

Obstruction: Obsearved mtio ofFEV,I!-VC

below the LLN for ratio.
Restriction: | Otsarvad FVCbelowthe LLN
 and the FEV/FVC mtio >
LLN. :
Bronchodilator Response

Brmdnlﬂmmwasdanmnndmmgﬂn
change in FEV, from the first test (baseline) 30 min.
after adminisration of two puffs of Albuterol by
metered dose inhaler. A significamt change with
branchadilator was defined as a greater than §%
ingease in FEV, from gre-tronchadilator FEV,.
This Jevel of change is thought to represent a true
FEV, change in aiways that have an enderlying
tranchansbiction and undergo dilation after
bronchodilator delivery.® Although less stringent
than the 12% threshold recommended by the ATS,

thlsmaemmetbnsboldhsbemmdmA

epidemiological studies.” -

Statistical Analysis

The medical data were examined aass-sectionally at
early and late-season surveys and longjtixtinally by
exarnining the changes over time. These longitudinal
changes were evaluated using McNemar’s test.
Desaiptive statistics and tables were produced with
Swatistica) Analysis System (SAS), varsion 6.12.®
Univariate analyses were performed with Mantel-

- Haenszel chi-square test and Fishexr’s exact test (for

data in 2x2 tables with less than five subjects per
cell) using Epi Info version 6.04b. Any risk ratio
(RR) higher than 1.0 was consideaed to be
statistically significar if the Jower bound of the 95%
ocmfidexz oterval (1) for the RR estimate was
21.0 or if the P value was <0.05. An arbitrary risk
ratio higher than 1.5 but 95% CI lower bound
included one, suggested an assxaatian or trend

In addition, stratified analysis was conducted. For
the multivanate analysis ‘models were fitted to the
data in order to determine whether potertial nisk
factors (tenure, job category, early seasan outcome,
and potentia) high expasures) would be modified by
age, race, smoking, atopy, family history of allergy,
or housing.

Environmental Results

Workplace Obtservations

During the butthaing process, worlers were
expased to large amounts of crab meat, shell, and
kanimiso which were propelled onto their rain suits,
safety glasses, and expased sections of their faces.
Similar observations were made at the degilling
stations, where gill tissue and shell partiqulate were
also propelled onto the warker. Warkers routinely
removed the crab splatter from their safety gla<es,
and crab pariculdtr was observed on employee
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employees washed their rain suits with warm soapy
water from a large buclet or stood under an
ovahead showar. Potential employee exposures
during crab processing are summarized in Table 4.

Visible exposwre to arab meat, kanimisn, and shell
was less at packing, cooking tank, and case-up wark
stations. Employee expasure to cooking steam was
observed at the entrance and exit of the cooking tank
In addition, there was condensatian on the ceiling
above the cooking tank. The cooking tank was
provided with a local exhaust ventilation system to
remove cooking steam. The exhanst for the

ventilatian systen was located on the roof in cdase

praximity to the crab bopper and entrance to the
butchering workstations. Intermittently,
reenfrainment of the cooking tank exhaust into the
facility thoru the butchering work area was observexd.

Cleaning of the processing line and tanks with high-
pressurad water, was another potential source of
expasure to crabmeat and kanimiso from underneath
the cmveyar belts, on the floor, and around the
butchering, degilling, and packing/sorting
expas=d during the clemning of used crab cooking
pans and kanimiso trays.

Temperatare and Relative Humidity
During the Iammry 1998 survey, the temperature

inside the crab processing plant ranged from 29-

47°F, with an average plant tempoahme of 42°F.
Relative bumidity (RH) ranged from 43-88%, with
the average plant RH of 67%. During the March
1998 survey the temperature ranged from 45-46°F in
the plant, with an average ®mperamire of 46°F.

Relative humidity ranged from 66-80%, with an

average RH of 75%. Outside, the temperahme
ranged from 2340°F with 43-61% RH.

Micuscopy Analyzis

Scaming electron miguscope images of surface and
filter scmiples collected in various areas of the plant
are provided in Figure 2. Image A is of a particle
isolated from a glass slide sampler from the degilling
area. [t was not uncommon to see this “stondenge”
amrangemant of particles around the peripbhery of a
deposit.  This evaparated deposit was the Giquid
particle at the time of sampling. Elamental analyzis
on the individual particles revealed predomimant
sodium and chloride peals providing evidence that
the liquid was a sodium chlaride (NaCl) solution
(probably sea water). .

Similar particles were seen which also cantained
vanos fragments of cab (shell, meat and gill)
within the larger deposit. Image B is a claser view of
salt aystals isolated from a glass slide sampler from
the butchering area. Image C is an fmage of a
fagmat of cab meat detected on an air ssmple
collected in the degilling area and Image D shows a
particle of crab shell from an air sample taleen in the
buicharing area. The meat particles tended 80 be
clougatad, somaimes striated and often showed
evidence of tearing at the ends. Sbhell fragments
appeared as equant flakes, often tayered.

Image E is a portion of the surface of an employee’s
safety glasses wom in the degilling area. A
predominance of large circular depasits is seen with
a background of small white specks. Many of these
aystals Many of the particles from degilling had a
gelatinous textire. On same of the larger viscouas
partcks, selective staining confinmed the pre<ence
of protem.

Image F is from an air sample from degilling, and
again evidene of a liquid aerasol is seen with a -
deposit is more subtle, appearing as a splaniEring
which seems to radiate from a pomt center left on the
images C and D are the holes in the polycrbonare
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fiker. Note that the obsarvabion of a gelatnous
character to many particles observed in the degilling
area is consis\ent with the nature of this oprration
which is essentially grinding away the gills from the
crab legs. Although dissection showed that the gills
had a geometry comsisting of many thin plates,
overall texture was gel-like. Slow motion close up
video of the degilling area suggests that in addition
to large particles, a spray of aerosol is

ceated. :

Direct Reading Aervsol Measurements

Direct reading aerosol measurements for an area
sample collected in the cooking area is shown in
Figure 3. The respanse of such monitors is affected
by various pbysical feahmres of a given particle
ehsrptivity. The raw output cannot therefore be
related divectly to mare fundamental meaases of
particulate and the ordinate is thus labeled simply as
Miniram units. The spectrum is clearly periodic and
remarkable in how quickly the peaks rise and fall.
Peaks were also seen in other areas of the plant, but
frequancy and imtensity were lower.  Time
syochranized video overlay onto dynamic graphs of
aeT0so] concentration from both persona) and area
with visible clouds of cmdensad water vapar
periodicafly bovering in the neighborbood of the
metex infet

Persona) Sampling Results

On January 23, 1998, five personal samples
were collected open-face for total aerosolized
protein (Table A-1). Samples were collected
cmployees. Results ranged from 34 to 1500
pg/a® of total protein.  Observatian of these
filters showed the presence of relatively large

fragments of crab meat and gills. Subsequen -

sampling was dooe closed-faced to minimize

collection of such particles. These results were
used as a positive control indicating that the
micro-Kjeldahl method detects crab protein
effectively. '

Area Sampling Results

During the January survey, 28 area samples
were collected for total aerosolized protein
(Table A-2). Total protein ranged from oot
detected for most samples, 20 of 28 (71%), to
6400 pg/my’ at the cooking tank. Protein was
detected on one sample collected from the
buchaing area (32 pg/m’), two samples
collected from the packing line (9.6 and 20
pg/m?®), three samples at the cooking tank (10,
11, and 6400 pg/m’), one sample from the
shipping department (39 pg/ur’), and one sample
from outside on the loading dock (11 pg/m®).
The three samples collected outside on the
loading dock were intended to be oegative
controls and were pot expected to yield amy
acyosolized protein.

Respirable protein was not detected on any of
the 12 area samples collected (Table A-3). See
Table 5 for a summary of the acrosolized protein
sampling results.

Microbiological Analysis

Bulk samples of the processing tank water were
tank water is from a municipa) source that is
sanitizing chemicals, biocides or other reagents are
added to the processing water except for the brine
tanle where salt is added

Racteria

Bacteria) levels ranged from 110 to>37 millian
CFU/nl. Gram-pegative bacteria were the
(at 25°C) were detected in the ambient water
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tank, chiller tanks 1 & 2, glaze tanks 1 & 2, and
in the pan wash tank. The chiller tank samples
(>37 million CFU/ml) were both overiaaderd at
74,000X dihutian. ;

Fungi

Fungal levels ranged from <110 CFU/ml (below
detection) in Brine Tank 1 to 7260 CFU/ml in
the Glaze Tank. Yeastsand Rbadotorula (a pink
yeast) were the only fimgi detected in four
samples. Fungi were not detectad in seawater,
thekanimiso water tray, the ambient water tank,
in chiller tank 2, in brine tank 2, or in the pan
wash tank. '

Algre

Samples were analyzed for dinoflagellates that -

can mfect the snow cab. Many live
Hematodiniion spp. dinoflagellates were
identified in the kanimiso water tray, the
ambient water tank, and the two chiller tanks. A
few live dinoflagellates were identified in

scawater obtained dockside. Dead .

Heratodinihon spp. dinoflagellates were also
found in chiller tank 1.

Volatile Organic Compounds Analysis

Ten samples were collected for VOCs: Four samples
were collected during crab praductian: one sample
was collected in the adjacent screening plant where
crab shells are ground, four samples were collected
in the crab plant when the process was down, and
one sample was collected outside. Only trace levels
of contaminants’ were detected on any of the
samples, but dimethyl sulfide was detected in the
szeening plant. Based on these results, crab
processing employees expusure to volatile organics
was minimal.

Elemental Metals Analysis

Analysis of bulk water samples from the plant
processing tanks did not indicate amy appreciable
concentrations of toxic elemental metals.

Carbon Mouoxide

Realtime carbon manaxide sampling was -
conducted in the employee bimkhouse above the
crab processing plant where the only potential OO
expusure was from employee smoking. OO levels
weze determined from March 6 to 8, 1998. Levels
ranged from 0 tol5 ppm which indicated that CO
amcemrations were below all occupational exposure
the processing plant or cutside.

Ammonia

Rea)-time ammonia sampling was candicted at the
refriggamt. On March 6 to 8, 1998, ammania
amcemrations ranged from 0 3010 ppm with a 6.5
ppm TWA, indicating that ammonia levels were
below ampsatianal expasure Griteria.

Environmental Samples for Allergen
Content

Each filter was analyzed for Lowry protein, spow
endotoxin. Samples were collated in the
case-up areas. Samples were also coflerted in pan-
crab expased and comparison areas, such as outside,
the employee break roam, and in other production
content are summarkzed in Table 6.

Healh Mazerd Evakation Repart No. 98-0069
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Personal Samplilfng

During both amveys, 43 parsonal samples were
collected for immunological analysic  All samples
for the total acrosol fraction were collected closed-
face (sec Table A-4). In addition, 12 personal
samples were collectrad for the respirable acrosol
dwing the early-season survey (see Table A-5).

Lowry Protein

Aerosolized protein was detected on 2 of 43
(5%) of the samples collected (Table A-4).
Total acrosolized protein was only detected
from a cooling tank employee (69 pg/m®) and
from a shipping employee (88 pghw’)
Respirable protein was only detected on 1 of 12
( 8%) of the samples collected This was
collected from a cooking tank operator (56
pg/m’).

Crab Cooking Water Allergen

Crab cooking water allagen was only detected
on 8 of 43 (19%) of the samples collected. The
single highest measwrad exposure to crab
aﬂagmwmfo:onepackmgunplayee(lso
RAUMA’). Differences in level of expasure

betweentbejobmgamwuenotclmiy
demanstrated.

" Respirable crab water allagen levels ranged
from not detected to 58 RAU/m* from a cooldng
tank employee. Crab allagen was detected on
3 of the 12 samples collected (25%). Results did
not clearly differemtiate between task categories.

Kanimiso Allelgm

Kanimiso allagen was detected on 26 of 43
(60%) samples collectexl. The highest hanimiso
kvelwasBORAUIm’forﬂlcﬁeanfa‘khﬁ
driva. Although statistically significam
differences in ©posure Jevels were not
demanstrated between the vanous task

categorres, the highest individua) measurements
weae oollecked from degilling and case-
up/shipping employees.

Respirable Jemimiso allergen was only detected
on three of the 12 samples collected. Allﬁnee
samples were collected from

employees with levels of 844, 1420 and 2270
RAUAR’. These results are suspect, as cvery one
of these "respirable” measurements mariedly
exceeds those measwral for the 43 total
kanimiso allergen levels noted above. We
speculate that butchering process may be
assncizted with contamination of the filters in
the cyclones used for sampling through droplet
or particulate splatter, and that these high levels
are not truly reflective of acrosolized banimiso
allagen in the respirable size range.

Personal sampling results for kenimiso and
snow crab allergen for each task are displayed in
Figure 4. Only samples for which detectable
levels were obtained are presented in the figure.
The results indicate that there is great variability
in allogen exposure among employee tasks.
Unlike previous reports in the Gterahure, no
single job title appeared to be assaciated with
the highest allergen expoaures.

Endotoxin

Although large quentities of Gram-negafive
bacteria were found in bulk samples of the plant
mmgtankgpummllevelsofm&tmm
were generally very low.

Total endotoxin concentration for the 43

‘samples collected ranged from 1.1 EU/m’ for an

employee at the exit of the cooking tank to 949
EU/ur for a shipping employee (see Table A-4).
This single leve] was mare than 10-fold greater
than any other measuremant  Only 4 samples
excaxkd 25 FU/m® of which 3 exceedad 50
EU/m’. The mean expusure was 32.6 EU/m’
with a standard deviation of 143.9 EU/Mrr.
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In the 12 respirable samples collected,
endntaxin ranged from not detected for two
butchering employees to 390 EUm® for a

15.6 U’ with a standard deviation of 11.8

EUnr.
Area Sampling

Sampling data were also collected in cootrol
locations outside the crab plant, in Jow exposure
areas within the crab plant (j.e. washyoom, break
room and production office) and other production

fireas not associatead with crab groduction (see Table |

A-6) The immunological data collected in the
surimi plant indicated the

average Lowry protein concentration was 34 pg/m®

with a standard deviation of 3.8 pg/ar’. Surimi was
a different allagenic expasure (fish) and crab and
Jenimiso allegens were not detected.

Medical Evaluation Results
Stody Participation

During the eary-season survey, 95% (152 of 160) of
the potential study participams completed the
m During the late-season survey,
questionnaire results were obtained from 113
participants ~ Nincteen of the early-season
participants had left the facility; nine of these
subsequently campleted follow-up questiomnaires by
telephane.  Thus, an over-all participatian rate of
76% (122 of 160) was attained for completion of
both the early and late-season questiammaires.

Study Exdnsiom

Of the 122 participants completing both

bealth autromes were noted and are doamertd as
appropnate later in the repast  Eleven of these
nﬂlvdnkwuemhrubewnenwasmﬁm

they had spemt most of their time in activities other
than crab processing, primarily surimi proce<<ing.
One individua) could not be classified as a crab -
processing worker due to lack of informatian about
his amgational activitiess  Three additional
pmcqmns weare exchaled because they left the
facility prior to spending four weeks in crab
processing, and thus were not defined as crab
processing workers. Of these three, one left duetoa
death in the family, ooe left to have surgery related
to a muscukaskeletal problem, and one left after one
week due to pre-existing asthma that was markedly
exmxrhated by his job in case-up. Thns, the group
analysis focuses on a total of 107 participants who
completed both ecarly- -and late-geason
qnﬁbamans and met the .definition for “crab-

processing worleer.”
Demographic Infocmation

Table 7 shows demographic chayactevistics of 107

-warkers - completing - both surveys, 15 wuarkess

completing both surveys but excluded from the
defmition for "arab processing workes,” and 30
warkers completing only one survey. The mean age
for these warkers ranged between 35 and 40 years.
The majority of partrcipants were males, except for
the group of 15 warkers failing to mect the definitian
of "aeb processing warker." The percentage of
white participams ranged from 37 to S3%. The
flongest place of residence for most warkers was
outside the United Statrs. Nearly half of the warkers
had worked more than four weeks in the crab
industry. About half of the warkers had never

smaled cigarettes.

The percentage with a fimily histry of allagies
among all workers ranged between 21 t0 33%. Total
Ievel of IgE higher than 100 kU/m) ranged fram 27
0 42%. The percent with élevated total IgE was very
similar to the percent with atopy in the group of 107
mbpmowsmgwukuSMcnnpmdbahmwys
(Table 7).
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Doctor-Disgnased Astbma

At the early-season baseline survey, five axfividuals
noted a previous doctor-diagnasis of asthma. Three
todicated that their asthma was mactive, and they
were not taking medicatians for the conditian. Two
using medications for the condition. One of these
had onset of asthma in childbood. The other had
onset of asthma at the age of 58, scveral years afer
entering employment in the seafood mdustry. Of
the five individuals with a doctor-diagnosis of
asthma in the carly-s=asm awvey, fwrmapamd
. in the late-season survey.

Ovaﬂnmofmemmmeofﬂnpmﬁdm
with a previos doctrdiagnasis  of asthma
expeyienced significant work-related worsening of
asthma. This was the individual with active asthma
at the baseline evaluation and adult-onset as abready
desaribed. The individual warked in case-up. for
only one week prior to leaving the facility due to
work-relasted exacerbation of asthma.,  This
parvcipant had a positive family history of allergies,
met the ariteria for atopy, had levels of serum total
IgE bigherthan 100 kU/ml, and was demonshated to
have serum specific IgE antibodies to crab water and
kanimiso by RAST. IgE antibodies to crab Pagurus
by CAP® method were negative at the early-seasan
survey. Spiromefry was abnormal relative to the
predictad values FEV, 47%, FVC 69% and

FEV/FVC ratio 56%. Branchodilator resporse was

not assessed.

In addition to those with a doctor-diagnasis of
asthma - during the baseline cvaluation, two
mdwﬂua!swucnaedtohaveacqunulnewdm
diagnases of asthma over the course of the crab

processing season.

One of these individuals warked in the "meal plant *
This ipdividua) had warked in crab processing for a
period of one month at the end of the previous crab
pracessing season. Despite acquiring a new doctar-
diagnasis of asthma, the individual remained

employed by the facility and the asthma did not
worsen over the course of the season. There was a
pasitive family bistory of allergies. The individual
was demonstrated to be atopic by detection of serum
specific IgE antibodies to comman inbalants by,
CAP® wcathad. However, the level of serum total
IZE was less than 100 kU/ml. - Senmn specific IgE
antibodies to crabkanimiso and crab water measured
by RAST became positive at the end of the season.
Specific IgE antibodies 1o crab Pagurus detected by
CAP® were present at both the early and late season.

Spirametry was novmal.

asthma during the course of the crab processing
season worked for 2 weeks in packing and 4 weeks
exparience working in the crab processing industry.
This individual was unable to finish the crab
processing seasan because of the severity of the
respiratary symptoms, thus was not available for
blood collection or spirometry in the late-season
survey. In the early-season the participant had
wheezing, shortness afbreath and chest tightness; he
did not know whether there was a family history of
allagics He was not atopic, had serum fevels of
total IgE that were less than 100 kU/ml, and did not
have senam specific IgE antibodies to crab detectable
by RAST and CAP® methads.  Spirometry in the
carly-season was compatible with mild ob<fruction,
with FEV, 69%, FVC 86% and the FEV /FVC ratio

69% of predicted values. FEV, anproved by 11%
after the adminisiration of bropchodilator,

Respiratory Symptoms

Results shown in Table 8 desaribe findings among
the 107 crab processing warkers who campleted both
the early and late seasan swrveys. Overall, naeases
in the prevalence of reported upper respiratory
symptoms were observed during the season. New
onset of nasal symptoms assncisted with shrffy nose
was reparted in 37% and nasal obstructian or rommy
nose in 45% of the participants without these
symptoms in the early-season. Changes were also
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obsaved in asthma-like symptoms. New onset of
being awakened by an attack of cough, wheezing or
SOBm:epabdh&ngddﬁttighmh
19% of the participants. Incease in brouchitic
symptoms was also reported over the season. The
incidence of usnal maming cough was 26% and
usual maming phlegm was 30%. In contrast to upper
respiatory, asthma-like, and brauchitic symptoms,
there was only a2 minar change in the functional
impairment (see Methods for the definitions) over
the course of the season. -

Health Outcomes

Anrspnmybmlthmﬂceptfaﬁnﬂcml
impaimment were present in significmtly greater
Propartion of warkers in the late season, as compared
to the early seasan. Incidence (new cases) of the
upper respiratry outcome in those without it at
baseline was 56%, incidence of the asthma-like
outcame was 19% (Table 9).

Spirometry and Brunchadilator response

Spirometry was available for 91 (85%) of crab

season surveys. The mean values for the group of all
wukasofFEV,,FVCmdtbel-EV,lFVCmbodld
not change substartially over the crab -season.
Overall, a pattern of obstroction was observed in 4%
and restrictian in 3% of arab processing warkers in
the late-season survey. Post-yanchedilammr change
hm,maemhmofwukushtbeaﬂy-
n and in10% in the late-season evahmtion
(Table 10. Of those who had positive

huMMmsedﬁehte-mmZm'
positive at both early and late-seasons, and’ 8 -

developed “pew” bronchodilator respanse. . The
profile of these 8 warkers includes family history of

allergics present in all of them, atopy present in 3, . -
specific IgE antibodies to crab Pagurus and kanimiso

present in 2, all 8 worleed in various door job
categories (nonc warked in unloading), 4 were

ammtnnokasﬂd:vck;_:dncwanetofaﬂhm&- )

like symptoms (one had IgE antibodses to crab), and
4 developed brouchitic symptoms. -

IgE Antibodies

Serum fevels of IgE were determined for 96 aab
praxssing workers; the median level of total IgE for
all worlers was 84 KU/ at the early-s~asan. Early-
season levels stratified by tenure status showed a

unsmnmllys:gmﬁmﬂmed‘undlﬂ'amofﬂ
kU/l amang naive warkers and 64 kU/1 among

aperiexel wu'h:s('l‘able 11)

The presence of scrum eMigrnwgxxific IgE was

deterted using the CAP®methad for Pagurus crab
and by RAST for allergens derived from opilio snow
arab kanimiso or cnoking water (Table 11). Twelve
percent of naive warleers were sensitized to each of
the allagens derived from opilio snow crab in the
carly-season. Lower percentages of experienced
wurkers were sensitized to these allergens in the
early season (Mmimiso 5%; cab water 2%). In
exparenced waslers were sensitized to the Pagurus
crab allagen in the early-season (12% and 14%,
respectively). The propartian of warkers sensitized
to each of the allergemic preparatians did not increase
over the course of the crab processing seasan. -

Most of the doctor-diagnosed asthma were
demonstraied to have serum IgE spexific antibodies
to crab. In those with specific IgE antibodies to crab,
50% developed asthma-like symptoans in contrast to
25% of those without specific antibodies. Although,
these infomation is timited to the small omber of
subjects, these data suggest an association between
allergy sensitization and bealth outcomes. Marepver,
affected by wark had elevated serum levels of anti-
cab IgE. This suggests a role of IgE-sensitization in
their disease. The remaining warker did not have -
blood drawn inthe late-season, 0 it is unclear if IgE-
sensitization played a role in his disease. :
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Risk Factors Associated with Upper Rmplntoq
QOutcomes

Among the crab processing workers, 69% (74 of
107) did not have upper respirakry Symptoms at
early-season and therefore were at risk for
subsequent development of the upper respiratory
outcome during the crab season. In the univariate
analysis, workers with a pasitive family history of
allergies or working in butthering had a statistically
significmt increased risk for development of the
upper respiratary autcame (Table 12). In additian, a
trend was noted for increased risk in workers less
. than 35 years of age. It was noted that butchering
and degilling opeyations were carried out by males.
Furtber stratified amalysis by gender was not
different from the univarniate analysis. Additianally,
multivariate analysis was performed controlling for
age, smoking, and family history ‘of allagies
Results from this amalysis were snnilar to the
univariats amalysis. ;

Risk Factors Assocated with Asthmefle

Among the crab processing workers, 86% (92 of
107) did not satisfy the criteria for asthma-like
outcome in the early season and therefove had the
potctia) to develop this outcome during the
factors associsted with incidence of this outcame
showed male gendar, family history of allegies,
clevated ECP, butchering, and degilling to be
signiicmtly associated (Table 13). An increased
risk for the asthma-like outcome was also noted in
mmmwnhtgq<35yws,smdqng,m
tenure statns, case-up and packing, although these
associstions did not sttam statistica) significance.
Multivariate analysis of risk factors for the asthma-
like outcame did not show amy additonal
associations or changes other than  those
demonstrated by the univariate analysis

Risk Factors Associated with Bronchitic
Outcomes :

At the start of the crab processing season, 98% (105
of 107) of the participants did not have branchitic
outcome. Univanate analysis of risk factors
showed significamt associations with age <35 years,
male gendez, elevated serum emi-amimiso IgE and
anti-Pagunuss crab IgE, clevated seram ECP and
degilling. (ncreased risks that were not statistically
significamt were otsexved for smoking, atopy, family
history of allergies, naive tenure status, and “high
exposure jobs” (Table 14). Multivariate analysis
controlling for age, smoking, and family history of
allergies yielded adjusted relative risk ratios similar
to thase noted in the univariate enalyxis.

The envirammenta] survey at UniSea was the most
extensive characteyization of exposures in the crab
workers are exposal t0 a predominantly liquid
aevosol The viscosity of the liquid can vary, as can
wdividual components (sea minerals, shell, meat,
gill, etc.) dwing different job tasks. - Further, the
acrosols have been shown to be polydisperse.
Miguscopy revealed particks as small as a few
micrometers while some particles observed on the
surface of worker’s safety glasses were in the
millimeter size range.

Slow motion close-up video of employees
formed through mechanical action in the butrbering
were observed dvoughot the processing plant, the
frequency and anensity of these peaks were highest
in the cooking area.  Although steam peaks are
dramatic in both visual tmpact and meter response, it
is unclear whether this would be expected to
contribute to adverse bealth outcames. Steam is
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being generated within an enviroument where we
clearly have the potential for acrosolized protein
through other forms of genaation, and the
predominart effect of steam may be to mfluence the
size, lifetime or other dynamics of these existing
particles.

The reason the eerasolizzl protein and allergen data
were variable and largely below limits of detection
throughout the plant is perhaps related to particle size
and sampling inlet gemme@y. On the first sampling
day, porsona) samples were collected with an open-
faced inlet. At the end of sampling, visible pieces of
crab were obsaved on the filter. For this reason

subsequent porsona) samples were collected witha

closed-faced inlet For open-faced samples, all

collected quntifiable protein. On the other hand,

miczoscopic analysis

aerosolized protein is in the form of large Jacalized
poimts.  If true, the sampling efficiency of such
particles would be largely @fhuenced by the area of
the inlet opening. Examination of the surface of
employees’ safety glasses shows that incertain tasks,
large particles are accelerated in the direction of the
workers. Further, we know that these particles can
contain fragimas of aab. Although there is some
probability that the trajectmaies of these particles
could result in their artring a small inlet, the
probability is much lower relative to the open-faced
- amfigwatian. This could also explain the orcasioml
high value for cotuin asstys mixed in among the
many nan-detextable levels within the same job or

Water is a major feature of this wark envirammenm

Since water provides general aerosol suppression,
this may also have some influence on the coutrol of
small particles. Micrascopy analysis did, however,
cmfimn the presence of small particles. This
suggests the possibility that our limits of detection
for protein and allagen may have been only
axﬁcﬂnlymnmmaﬂyqnmmfylmge,

Although
canfirmed the presence of
small particles, it may be that the majority of

small particle component. The fact that our highest
volume sampler results were all below our limits of
detectian fos both protein and allergen would sppart
this. Note that these simplers, being pbysically
large, required that they be placed sway from the
immediate work area and thus sway from direct
splash. Higher flow rates are advised for amy futare
smdybimprmmy_@siﬁvitybmballagm.

This investigation documented several aases of
wuk-mlatednst!nnaandomﬁrmedhlgbpmhn

mdmcndememmofrqmanysymmmsmmg

cab processing warkers. These * findings are

consistent with those ooted in the Litrahme, 32

other groups also document similar findings to thase

ooted in this stndy>* For example, Cartier and co-

warkers reported 19% (57 of 303) of crab processing

workers suffered with groductive cough and dyspnea

and 21% (64 of 303) had sympioms suggestive of
coufirmed in 50% of these cases® Snow crab
allagen liberated during the aushing of shells,

boiling of whole crab, and cutting and separating of
legs was the propased asthma-inducing exposure as

there was an associatian between skin test reactivity

and symptoms. In our study, the 21% prevakaxe of
productive cough (tranchitic outcome) was very

similar to that reported by Cartier. - Howevex, the

prevalence of asthma-like symptams in our stady
was 32%, higber ¢than that reparted by Cartier.

Differences inthe case definition or exposures might

be a factor(s) nfluencing such difference.

Asnadyunpngkingmbpocushgmtasﬁuna
factry in the state of Washington .also yielded
results similar to those of this study. An increased
prevalence of respiratory symptoms in 1S randomly
selected worleers, as compared fo fish processors not
expased to crab, was noted. In addition, skin prick
test using crab meat, dust from the machines, and
crab shell resulted in enmediate skin reactions in
some of these warleers and in nooe of the controls.
Howevex, skin test positivity did not carrelate with
symptams. Precipiﬁn(lgG)mﬁbodymacﬁmsball

MMMW&W
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three components (meat, shell, and dust) were found
in serum from 60% of the crab workers compared to
none of the control workers (non-crab processors).
IgGmﬁbodiasdidnotomelaiewiﬂ)dlemimmy
symptoms ¥ The pradomsmant symptoms included
pcd\ﬁVccwghmddyvasmd)emem
tbe aorent mnvestigation, no maja' dnanga in

Doctor-Diagnosed Asthma

In our study, two incident cases of adult-onset of
asthma were doawnented among 107 participating
- workers without a previous history of asthma over
the apprasimately 41-day period of cbservation. A
population-bmsexd 'study in the US. 2 suggests an
asthma incidence of 2.1 cases/1000 person-years, in
the general populsfion. More recently,” a random
sample of vearly 16,000 European subjects reported
an incidence of adult-onset of asthma (defined as a
posxdvemtoaqusbonabanﬂleprmof

asthma) of 13 cases/1000

pasm-ymsﬁrwnmmd 1 0/1000pasa>-yws
formen. -

Spiminetry and Bronchodilator Response

Bronchodilstor respanse was used o assess the

effect of crab processing work on airways reactivity.
During the earty-season, 7% of study participants
had a bronchodilator respanse and 10% (10 of 91)
did at the end of the season. Eight were new cases.
Our results differ from a previous study among crab
processing workers in which only 1.4% (4 of 290)
warkers had a change in FEV, (between 15 to 20%)
might be due to the threshold FEV, response used to
define a branchadiladr respanse in our study. Other
studies have uvsed histamine challenge or specific
alergen challenge to assess airway hypareactivity in
workers with diagnosis of aoupationa) asthma
among aab processing workers *# These methods
offer a more precise means to demaondrate specific

airway resprmsiveness, but were not feasible in this -

IgE Antibodies

In our study, parucipants’ median level for total IgE
at the early-season was 84 kU/l with the 25* and 75%
peratiles at 25 kUA and 273 kUA, cespectively.
IgE is a marker of allargic diseases; high senum
levels are present in mdividuals with asthma, allergic

" vhinitis, or atopic damatiuzs. Gender, age, and

thacco smoke may affect the levels of IgE.
Ingeased levels could be present in parasitic
infestation and branchopulmonary mycasis ® In this
investigation, high levels of IgE dnctopmsxtic
infestation were not ruled out.

The levels of total and specific IgE antibodies were
higher among naive warkers in relation to the
(produced specific 1gE), and possibly symptomatic,
were less likely to return for work in the current
seasan. This is consistent with a ‘healthy worker
effect’, with the experienced workers who do return
being bealthier than those who do not return. This
selection out of work of Jess healthy worlers had not
worker effect in eperienced warkers is supported by
the obsexvation that naive workers were more lileely

_ todevelop symptoms and adverse health outcomes in

the three categories analyzed.

In this investigation and in previous reports among
workers in the crab @dustry,’ personal stopy, or the
tedency to mount IgE responses after antigenic
expasure, was not aoted to be significantly
associated with symptom status. However, family
history of allergy did show significmt associations
with the presence of symptoms. This is parhaps due
to a family history of allagies being a marfser for
gevetic predisposiions with greater impact on
symplom status in cab workers than on ‘the
development of IgE responses. '
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Limitations on exposures and health effects

A lanitation of this study is the use of non
standardizzl sera for the development of the
immunological assays. This might explain some of
the disrepancies between this wark and other
published work. Thus, putexntia) technical problems
related with assay sensitivity or nappropriate solid-
phase allargen exist In addition, symptoms being

tiggered by matenals of crab origin through a -
mechanism other than IgE sensitization, or triggered 7

by expasures other than those of azb origin (e.g,

hyputmnsalmeaﬂmokeoldm,am) _

-should be considered.

In our study, warkers involved in unloading
activities outside the facility appeared to have fewer

symptoms relative to warkers inside the facility.
This suggests that air quality inside the facility is

associated with the development of respiratry

symptoms. Several factrs might mon-sperifually
trigger such symptams in susceptible dividuals,

inchuding saltcontsining aerosols and low

temporatres. In additian, essociations of symptoms
with particular gperatians such as butchering and
degilling suggests that the acrosols generated in these

operatians are able to trigger respiratory symptoms

even in the absence of allergic sensitization.

Wahasatﬂlcplmtanmﬂymcomplet:ly
covarad except for cartain areas of the face (safety
glasses are wam). Past wark has demanstrated the
role of mucsal surfaces in initiation of an inmune
response? Since safety glasses leave the nose and
mouth expresed, face shields could be cmsiderad as
an alernative to glasses inthese areas. However for
asthma we do not know the full significmxe of
particle and the possibility that the small

particles observed in this envirenme, even if they

represent only a small partian of the total airbame
mass, may be most important in the sensitization or
development of an allagic reaction. Face shiclds
would do little to prevent respiratory system
expusare to these particles.

An inportant determinant of cocupational asthuna is
apsure.  Several studies have shown that the
degree of expoarre dfermines the likelibood of
immunological sensitization and asthma, In differeat
shudies, personal samples have been useful to
quantify individual expasare to biologic substances
in the workplace using immunochemical methads *
In this investigation we were unable to document a
quamitative expomre-respanse relationship Jeading
to respiratory Hllness in crab processors. However,
we documerted qualitative exprmmrc-response
relioshps in the processrelated risks of
respiratory outcomes in relation to degilling and
butchering Thus, further shadies are needed in a
industry wide to better understand the magnitude of
tbepmblanmdbnnpweamunmdxddoyﬁr

and other indoor work had eacess incidence of
respiratory symptoms over the six weeks of crab
processing in comparison to ovtdoar unloaders.
This of pearsistent and bmew anset
respiratory symptoms -appears %o be

@ Cases of new and exaxxbatd doctor-diagnosed
asttma oranvead during the season, most of
wham had cvidence of immunologic reactivity .
o aab-derived antigens .

(] Aldnxghwwuemmﬁﬂnmmmfym

" protein and allagen exposures, the qualitative

apmmmspe:ﬁcaabmmgpbsm
related to symptom risks. )

'Ihefollowmgmqu:xﬁcmmnmdabmﬁrm
warkplace:
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1.

Medical Saeening: A medical monitoring
program should be in place for the early
work-related adverse bealth effects:

To idamify those at pwticular risk, new
employees should have their medical history
taken includi ” fing o
respiratory symptoms and disease, asthma, and
history of cab allergy. Physical examination
with particular atteboan to the cspiratory
system should also be done. These exams
provide a baseline for comparison and an

" opporumity for education. It should be aoted

(Public Law 1-1-336 (S. 993); July 26,1990),
unles these examinations reveal a disabling
condition which would prevent the applicant

from performing the essatial functions of the

job, if “reasonable accammodatians” were
made, the applicant may pot be refused
employmat  Thus, a history of pre-existing
asthma would not be grounds for vefusing an
indivihm! empl

During the season, workers with clinical
evidence of asthma-lilee Ssymptoms (e.g. wheeze,
cough, chest tightness, awakened by attacks of
cough, or shortness of breath)  should be
refarred for amore tharough medical evaluatian.
This might include hmg function testing to

document asthma presence and sevezity, such as -

spirometry, broncbodilator testing, and
methacholine challenge.  Testing should
conform to recent National Asthma Educatian
diagnosis and management of asthma! Also,
testing for IgE-semsitization to crab using
available allergy slein tests or blood tests should
be amsidaal Detectian of spexific IgE
antibodies is a suggestive, but not campletely
specific marker for allagy; thus, clinical
judgment must be considered for its

Individuals who develop work-related asthma
should be offered wurk assigmments that will
minimize their inhaled expusure to crab

~ proeins. Workers would have less incentive to
conceal work-related health problems or to

continue working in areas of potential expumare
if, after job transfer, they retained all wages and
benefits associated with their previous job.

Employees should receive written reports of all
medical surveillance tests performed by the
company or by a pbysician to wham the
coppany makes cefaral, cgardless of the
cesults of such tests.

Warker Education: Equipmem maintenance and
wurker educatian are vital aspects of a good
occupanional  health and safety program.
'Workers must be informed of (1) any potentislty
hazardous materials and (2) the nature of the
potortial hazard. Warkers should be instructed
to follow safe wark practias to belp protect
their health and safety and thst of their fellow
workers. This formation should be transmited
by means of a hazard communication program,
which is to include container labeling, MSDSs,
and warker training. ' With regard to warking in
crab processing, warkers should be instructed in
the risk of oupaional asthma, and other
respiratory sympéams, the type and timing of
symptams, the importance of early detection and
imtervention, and ections (e.g. personal
protection) the warker can take to prevent
developing an immunologic respanse to cab

protems. :

. Engnesring Comtrols: In othar ndustries,

reduction in allergen expusure decreases risk of
IgE sensitization and respiratory illness in those
abeady sensitized® To decrease these
opmrres, spray-genaating tasks such as
butchering, degilling, and coaking, should be
enclosed if possible. Vextilation should be
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modified as passible in areas where these tasks
are conducted to direct airflow away from
warhers -

. Admaistrafive Contols: Presence in the crab
processing facility should be restricted to
workers who are essential to its operation.
Smoking should be grohibited inside the facility.
It should only be allowed outside or in
ventilation such that smaole is not re-cirailated
within the building. Similar regulation should
be applied to dormitaies.  Employees who
cotinue to smoke should be coumseled on bow
smoking may cmxxxtmte the adverse health
effects of anrpatianal respiratory hazards.

. Pasnmletwbm. The use of respirakos is -

the least prefesred method of cantrolling warker

exprsures. Respirators should notbe ased asthe -

“only control for routine opaations. However, a
tria] of using spproved particulate respirators
should be amsidered for symptomatic warkers
if the couatrols already noted are madequate to
reduce symptoms. This trial should be followed

by further evahmtion of its effectiveness in’
reducing the rate of respiratory sympRams. -

Respirators should be used as part of a
amnprebersive respiratory protection program.
and mefial cvaluatian of pesamel and fit
. testing, periadic anviromnenta] manitoring, and
MADENMCE, @spection, cleaning and storage of

aquiparant  The program should be evahmted

logic refer to the NIOSH guide to industrial
respiratory prakxtian ® Because of the potential
ability of crab allergen to induce sensitization by
skin contact, warkers should autinue to be
protected from contact through the use of
~ impexrvious protective clothing such as gloves,
aprons, rainsuits, and protective footwear. In
to particle spray such as butchering, degjlling or
coaking should be protected using face shields.
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Figure 1. Diagram of snow crab processing at UniSea Inc., Alaska
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and transferred to degilling station. The degilled crab leg clusters are conveyed to the packing and sorting line. Leg
chm:msantotbeoookmgumk,foﬂowedbynmmgandcoolmg. Finally, crab legs are frozen and packed at
d:emollpm



Figure 2. Scanning Electron Microscope Images of Various Particles Isolated from Crab
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Figure 3. Direct Reading Aerosol Measurements
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Figure 4. Personal Sampling Results with Detecwble Levels |
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Table 1. Summary of the Environmenial Evaluations Couducted during Crab Processing

Author Analyte Number of Range of Exposure Potential
samples (N) Exposure Sites

Beaudet® | Total Particulate ) | ] 0.11,0.16 mg/m® 3w TWA Splits & Scoring
1994 N3 £0.03 mg/m’® 3-br TWA Lines |
Edelman,” | Total Particulate N=4 0.14-0.68 mg/m’ Butchering &
1994 Packing Areas

Sodium Bisulfite N=6 Not Desctable

Organic Matter protein, ceDulose, sylnhetlc

fibers, silicate & paint

Inarganic Matter Si, AL Fe
Malo,* Snow Crab Alagen | N=4 1.7 ug allagen 2w TWA Couking Area
1997 -
Chcetien” | Snow Crab Allzgen | N, =5 53-547 ng/m’ Crab aracking &
1997 Ny =7 179-5061 ng/m’ Cooling sections

.30




Table 2. Summary of the Environmental Methods

Analytes Media/Sampler Flowrate Analytical Methods
. .)
Acrusolized Protein | 37mm Glass Fiber Filter, Total @ 2.0 . micro-Kjeldahl
. Closed Face Filter Cassene for | Respirable @ . .
porsmal smpling Ny 1.7
Open Face Filter Cassette for
area ssmpling
Acrosolized Protein | 37mm Glass Fiber Filter, Jan ‘98 Swrvey: Protein determined by Lowry Assay
1 Toal @20 -
Crab Allogen Closd Face Filr Cassene fixr | Respirable @ ADergen derminations by RAST
porsmal smpting 17 inhibitian
Kanimiso Allgn |\ Face Filter Qussene for -
Endotoxi area mmpling 7 Endotoxin determinaticars by
March 98 Chromogenic Limulus Amebucye
Tl @40& | . -
1804' Asssys performed by the NIOSH-
DRDS Immunological Lab (all
analytes were determined from one
filter) '
. : ].m"
Volatile Organic Thama) Desorption Tubes 50 cc/min Gas Qiramatography / Mass
Compounds Sp=tumery
Elemental Metals Bulk process water Inductively Coupled Plasms Emissian
Analyxis : Spectioscopy by NIOSH Method 7300.
Carbon Monaxide | gas manitoring ingtraman diffusion
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Table 3. Summary of Serological Studies

Anpalysis Collected Method Interpretation
Total IgE Antibodies January and CAP® | 2100 kU/ was considered abnarmally
March ‘98 clevated
Eosinophil Catioulc Protein (ECP) | January and CAP® 223 pg/l was ansidered suggestive
o March ‘98 of an active inflammatory process
Specific IgE Antibodiest
House dust mite mix Jaruary ‘98 CAP® | Positive 2 class I
Mold mix January 98 CAP® Positive > class IT
Weed mix Jamuary ‘98 CAP® | Positive 2 class IT
Epidermsl mix | Jaruary 98 CAP® | Positive > class IT
Crab-Specific IgE Antibodies
Pagurus erab Jamuary and CAP® | Positive >class Il
_ ‘March 98
Snow erab - cooking water January and RAST | Positive >90th percentile for naive workers,
March 98 carly season survey
Snow crab- kanimiso January and RAST Positive zmwvmdlefumequa:,
. March ‘98 early season survey
Snow crab - meat uncooked* January and RAST | Positive 290th percemtile for naive worhus,
: : March ‘98 -carly season survey
Snow crab - meat cooked* Jamuary and RAST | Positive 290th percentile for naive worksers,
March ‘98 early scason survey

* dsta not shown

1 Used to define atopy (one or more positive tests )
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Table 4. Potential Employee Exposures doring Snow Crab Processing

Employee Potential Exposures 'Method of Acrosol Generation
Task

Butchering | Live aab, seawater Oa‘tmgofsheﬂag;mstmdalbla‘de'pnllmgofhga

10 cploysariilt Uncnoked crab meat from body, thshmmwh&

Degilling Uncooked crab meat Cmtaaofu:blegsmdmdledg'nswimmﬂng

25 engloyembilt Crad gills blade, throwing leg clusters onto conveyor
K=nimiso

Packing Uncnoked crab meat Matryial handling of crab leg clusters

& g, NhiR o

Cooking Uncooked arab meat at tank entrance | Stcam and condensarian generated from cooking tank

2 smgloysmikitt Cooked asb meat at tank exit Splashing of cooking water from exit of tank
Codungwﬂawnhuab;mte- B

Case-up | Cooked and frozen crab meat Matrrial bandling of frozen arab leg clusters

9 amgloyemhdift Material handling of frozen kamimiso

Frozen kanimiso -

Cleaming of crab cooking pans and kamimiso trays
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Table S. Summary of Aerosolized Protein Sampling Results

Job or Area
Location

Number of
Samples

Range

Mean Protein
Concentration

)

.p

<

@
s
)

b
118

i VAl
A
[1e -5

fArea: Aerosol
Butchering 7

Degilling 2 ND -

leacliinthne 3 9.6-20 3.7
‘Cooking Tank 4 10 - 6400 1605
Shipping 2 ND - 39 19.5
Ambient Water Tank 1 ND -

Loading Dock 3 ND-11 3.6
' Bunk House 1 ND .

3 ND -

- | Degilling 2 ND -

Packing Line 3 ND -
L

Cooking Tank 2 ND -

Loading Dock 2 ND -



Table 6. Summary of Environmeutal Allergen Sampling Results

" Job Title Namber | - Smow Crad Kaimiso ~ |  Eadotoxis
) of Antiges Antigea EU/m)

"1 |ND

6 |[ND- _
3 |ND ND3$6 | 463 |25284 | 117
2 |[ND ND47 | 235 |2598 | 62
Degiller 8 |[ND | - |NDs70 | 118 |3091 | 60
Post Gilling Inspector 1 13 - 130 - |33 -
Packer-Sorter 11 |[ND- |26 |[ND$2 | 245 |20110] 55
o 150 - | _
Cooker (extrance) 2. IND - - |ND-56 | 280 | 49173 | 11.1
Cooker (exit) 3-|ND - . |ND66 | 373 |1.166 | 44
Chiller Tank 2 |ND-21 { 105 | 55-170 113 |39-596 | 318
Shipping-Caseup 2 |IND | - |61-220 | 141 |238-13 | 186
1 |ND - 1330 - |99 -

844-
| 271 _
Degiller _ 3 Inp | - |ND - 44227 144
Pacling Line 1 2 |Npi1s| 75 [ND - Juus | s
326 |
Cooking Tank 3 |nDss | 193 |ND - |12618 | 158
Shipping 1 [ND - |ND - |3 -
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Table 7. Demographic characteristics of crab processing workers

Completedearly | Completed early | Completedonly |
and late surveys and late smveys early survey
=107 but excloded =30
because not crab
Processor
=15

Age,yr+SE 361 40+3 3542

Gender, in (%) -

Males 84 (78) 7(46) 25(83)
Females 23 (22) 8(54) 5017
Whites 44 (41) 8(53) 1137
Asian/ Pacific Islander 39(37) 1(6) 3(10)
Blacks . 16(15) 6 (40) 12 (40)
American Indians 5(5) . .

Other ‘ 2(2) . 4(13)

Place of li)ngest residence (%) 1
Us | 41 (39) 6 (40) - 11(38)
:South East Asia 32(30) 5@33) 9@3l1)
Latin America 19 (18) 3 (20) 6 (20)
Africa - 11 (10) , .- 3(10)
Other 4(4) 1(6) .

Tenure sﬁtus | |
Experienced® (%) 55 (51) 6 (40) 11 (37)
Median mumber of months of 5 (2-8) 3(1-6) 3 (0-5)
experience (25* - 75* parcatiles)

Smoking status (%) | - | 1 1
Never smoker | 5148 9 (64) 17 (60)
Current smoker ~ 38(35) 4(29) 3(11)
Former smoker 18(17) 1(D 8 (29)

Family history of allergies (%) 22 21) 5(33) " 9(30)

Total IgE >100kU/ml (%) 45 (42) 4(27) 9 (36)

Atopy (%)** " 48(45) 6 (40) 11(42)

mudmkmmﬁmewﬂhmmﬁmfowwed:ofwakmﬁeunbm&nﬂyuthemiym
** gopy was defined as a positive CAP to one or more comman allergen at the early scasan : .
{ missing data



Table 8. Percent Prevalence and Incidence of Symptoms among

Crab Procexsing Workers
Prevalence | Prevalence
Early scason | Lateseason
(o= W) (»=107)

" Incidence g

(New onset)

usuallysmﬂ'yn;eor drainage

blocked. ltchy Of rummy nose

2% 43 %t
back of nose
two or more episodes of 26%* 53 %i** 45%

attacks of SOB with wheezing 1% 14 % "13% .
attacks _

tightness in chest 8 %* 22 %t** 19%
awaken by an attack of cough, 12% 35 %t 32%

4%

2%

* in the last 12 months, ** in the last 6 weeks (during arab season)

'1wukaswﬂhaﬂsymptnmsnlbenﬂyqeaonmwymﬁoﬂawedﬁnmg6m ﬁl'lhedﬂelq:nﬂn

of incident symptoms. -

1 p value <0.05 (eanpmmtoedymm:ybyMcNamr’sm)
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Table 9. Percent Health Outcome Prevalence and Incidence among

Crab Processing Workers
. Prevalence Prevalence Incidence
Health Outcome Early season | Late season | (New Onset)
(»=107) (n=107)
Upper Respiratory 31% 57 %t - 56%
Asthma-like 14% 32 %t 26%
Bronchitic 2% 21 %t 19%

1wiﬂswnbmnbedﬂnoumunxmthewiymmvcymfonowedm6weeb for the

'development of bealth antromes.

1 p value <0.05 (comparison to early-season survey by McNemar’s test).

Table 10. Summary of Pulmonary Fnnction Results
among 91 Crab Processing Workers

Spirometry Test Early Late season
season

Percent predicted FEV, + SE 109619 | 107919
Percent predicted FVC + SE 1093420 | 109.5+1.9
Mean FEV1/FVC 4SE 84606 | 83.1207
Obstruction (% wurkers) 2% 4%
Restriction (% workers) - 3% 3%
Bronchodilator improvement >8% (Y% workers) - T% 10%
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Table 11. Summary of Immunology Results, Stratified by Tenure Status
- among 96 Crab Processing Workers ' '

Snow crsb
Tenure Status

Naive workers
with IgE (145)

Experienced workers
with IgE (n=51)

All Warkers (n=96)
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Table 12. Risk Ratio (RR) for Predicting Development of Upper Respiratory Outcomes
among 74 Crab Processing Workers Without the Condition at the Early-season Survey

Risk Factors(m) Percent | Relative Risk p value
g Incidence | (95% CI$)
2 35 years old (43) 37 1.0
Age <35 years old 31) 53 1.6 (1.0-2.5) 0.08
 famale (16) 38 1.0
Gender male (58) as 13(0.7-2.6) 0.45
Race non-white (43) 47 10 '
: white (31) 45 1.0 (0.6-1.6) 091
) 00 (47) 51 10
Smoking * yes 27) 37 0.7(0.4-1.3) 025
. no (42) 43 10 .
Atopy yes (32) 44 09 (0.5-1.5) 0.74
Family History 00 (65) . 2 1w
~ of Allergics yes (9) s 19 (12-3.9) 0.04t
Kanimiso negative (70) 46 1.0
RAST- IgE * positive 2) 50 1.1(034.5) 0.71¢
Crab-water negative (68) 46 10
RAST-IgE* positive (4) 50 1.1(0.4-29) 063t
Pargus-aub " negative (67) | 4 1.0
© CAP-IZE* |  positve(s) | 60 1.3 (03-0.6) 0.42t
Easinophil Cationic negative (73) 4s 1.0 |
Protein® positive (1) 100 ND 0.46t
Housi off-site (45) 47 1.0
| owmg on-site (29) 45 1.0 (0.6-1.6) 0.33
Tenure in experienced (34) 41 1.0
* Crab Industry naive (40) - 50 12 (0.7-2.0) 0.45
. Putential high ‘0o (33) 43 10
. exposurcs®® yes (20) 60 12 (0.8-2.0) 0.42
' unloading (7) 14 1.0 referent
. buchaing() | 83 5.8 (0.9-37.1) 0.02
Tak degilling (12) 50 3.5(0.5-234) 0.141
. | packing (20) 50 3.5 (0.5-22.6) 011t
Categories ase-up (13) %6 | 32005217 0.18+
| mixed/dirty (8) 38 2.6 (0.3-19.8) 034+
mixed/clean (8) 38 2.6 (0.3-19.8) 034t
* status at the end of the seasan
** yes (butchering, degilling, cottmg), no (packing, case-up)
1 Fisher’s exact test
$ denotes amfidence intexyval

ND not determined; ane cell contained a zero valne
Statistica! significa® valnes are shown in bold



Table 13. Risk Ratio (RR) for Predicting Development of Asthma-like Outcomes
among 92 Crab Processing Workers Without the Condition at the Early-cuso_n Survey

Risk Factors (m)

- pvalue

. Percent ' | Relative Risk
Incidence | (95% CI$)
235yearsold(50) | 20 - 10 |
Age <3Syearsold@2) | - 33 1.7(03-3.4) 0.15
female (18) 6 10 |
e d male (74) 31 5.6(0838.7) oen2t
Race non-white (54) . 28 10 |
_ whie(38® | 24 09(04-1.7) | o066
. no (57) 21 10 L
Smoking * yes (35) U | 16(0232) 0.16
Atopy no (51) 27 10 ,
yes (41) 24 | 0900413 04 -
Family Histury o (75) 21 1.0 .
of Alapics yes (17) 47 22 (1.143) 0.03
Kanimiso . " negative (85) 25 1.0 o
RAST- IgE * positive (4) 50 2.0(0.7-5.9) 026t
Crab-water negative (85) - 27 10 R
RAST- IgE * positive (4) 0 ND - 029¢
Pagurus arab  oegative (81) 23 - 1.0 o
CAP-IgE®* positive (8) 50 - 210847 | omnt
Eosiophil Cationic |  negative (88) 3 1.0
Prokein® ~ positive (4) 100 ND 0.003 ¢
] | offsite (64) . 30 1.0 o
Housing - an-site (28) 18 0.6 (03-1.5) 024
] Taure in axpienced (44) 20 10 :
Crab Industry naive (48) 31 | 150083.0) 024
Potential high "mo (40) 30 10 :
axprsres* yes (26) 38 13 (0.7-2.5) 048
unloading (10) 0 1.0 referent
butchering (10) 40 . ND 00et
ek deging(14) | 36 ND 0.0St
) packing (25) 28 ND 007
Categorics ase-p (15) 33 ND 0.06
mixed/dirty (8) 25 ND 018t
mixed/clean (10) 10 ND 050t

1 Fisher’s exact test

‘muthemdofthem -
*+ yes (butchering, degilling, cooking), no (packing, case-up)

1 denotes confidence interval
ND not determined; one cell contained a zevo valne
Sutistical significant valoes are shown inbold . -
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Table 14. Risk Ratio (RR) for Predicting Development of Bronchitic Outcomes
among 105 Crab Processing Workers Without the Condition at the Early-season Survey

“ND not écterminexd; ane cell amtained a 2ero valne

- Statistical significant valnes are shown in bold

2

Risk Factors () Percent | Relative Risk p value
Incidence (95%Cl %) :
A 2 35 years old (55) 7 10
ge < 35 years old (50) 32 44 (1.6123) 0.001
female (22) 5 10
Gender male (83) 23 5.0 (0.7-35.9) 0.04
Race - non-white (61) 16 10
white (44) 23 1.4 (0.6-3.0) 042
. no (64) 14 1.0
Smoking * - yes(a1) 27 19(09-42) 0.10
no(57) 40 10 :
Atopy yes (48) 60 1.8 (0.8-4.0) 0.16
Family History no (83) 16 10
of Allergics yes (22) 32 2.0(0945) . 0.09
Kmnimiso @ - negative (97) 15 1.0 _ .
RAST- IgE * positive (5) 80 52 (2.7-9.8) 0.004 ¢
Crab-water negative (97) 18 10 ,
RAST- IgE * positive (5) 40 23 (0.7-7.3) 023t
Pagurus crab negative (93) 16 10 : |
CAP-1IgE * positive (9) 44 2.8 (126.5) 0041
Eosinophil Cationic pegative (100) 17 1.0
| Protein * positive (5) 60 - 35(1.58.1) 005t
. off-site (69) 17 1.0
Housing on-she (36) 2 13 (0.62.8) 0.55
Tenure in experienced (51) 12 1.0 ;
Crab Industry naive (54) 26 22(09-53) 0.07
Potential high no (45) 16 1.0 '
exposures®** ~ yes (30) 30 . 1.9(0.8-4.6) 0.14
unlaading (11) 0 1.0 referent
| butchering (12) 25- ND 012t
Task g degilling (16) 38 ND 003t
. packing (29) 10 ND . 037¢
“icga : ase-up (16) 24 ND 010t
| mixed/dirty (10) © 20 ND 021+
mixed/clean (11) 18 ND 024t -
* status at the end of the seasan
¢ yes (butchering, degilling, cooking), no (packing, case-ap)
1 Fisher’s exact test _
$ denotes canfidence interval




Appendix 1
‘Allergen Extract Preparation

Cooking Water

Samples of water used to cook crab legs were collected at the end of a work shift just before the cooking
tank water was to be replaced.  The coolsing water sample was frozen, shipped to the aboratory, and
stored at minus 80°C until analyzed. The thawed cooking water samples were clarified by
centrifugation followed by filtration through a 0.45pm filter. 'Ibeﬁltmewasdn!ymdagamstasodlmn,
arbunaﬁbuﬁa,qmmnﬂnﬂnppmxmatlyfmn—foldmgmhmdhﬁhﬁmsyﬂmwﬂha '
YM-2 membrane, and stored at minus 20°C until ased. :

Crab Meat

Extracts of both cooked and uncooked crab meat were prepared from crab legs shipped frozen to the
laboratory. The crab meat was dissected out of the shell, minced into fine pieces, snspended in 0.05M
ammonium carbonate (10% w/v), and extracted overnight at 4°C with constant stirring. ‘nnesnmpks
mmmem&tﬁlgul,ﬁln:ed,dmlymdandnmedasm

Kanimiso

Aﬁmmpleofkmmmms&awad,mbjedndmabwspeedmmﬁmmmmmlm :
matier followed by a high speed centrifugation (10,000 g) for two hours to separate the lipids (oils) from

the mixnhrre. Theaqmnmatamlwaspumsedbyﬁhnhonmddmlyudasabove,mds\omdat
minus 20°C until analyzed.

Preparation of solid-phase for msr'mdsu -

m:nagmmmempledmmmmvmdw48(?hmm3mum

Sweden) according to the manufacturer’s recommended procedure.  Coupling efficiency was determined

by monitoring the absorbance at 280 nm of the wash fluids and >90% of the protein in each sample was

bound to the beads. Ummnndsstmthebea&mblockedbymcnhahmmmsmmm
at 4°C. TheallergmcoabdbudsmmatPCunﬁlmedformmy&
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Appendix 2
Eavironmental Samples for Allergen Content

The glass fiber filters used to collect air samples were stored at 4° in their cassettes until extraction. The
filters were aseptically transferred to sterile 50 ml centrifuge tubes, and extracted with 10 ml of pyrogen

free water for 60 minutes at room temperahme on a rocker platform. The samples were then centrifuged
for 10 minutes at 2500 rpm, and the supernatamt fluid was recovered and stored in three aliquots at minus
85°C until assayed for either total protein, allergen, or endotoxin content.

Allergen content in extracts of air samples was determined by a RAST inhibition assay. Because the
results of the four allergens RAST indicated that cooking water, cooked meat, and uncooked meat gave
nearly identical results, the analysis of the air samples included only two allergens, crab meat and :
kanimiso. For the crab meat allergen levels, the cooking water was selected as the allergen source
material because sodium dodecylsulphate (SDS) gel electropharesis analysis revealed that this'
preparation comtained significantly fewer proteins than either the cooked or uncooked meat extracts, (see
Figure A2-1) but had similar binding activity in the RAST assay. The staining of gels for protein by
Commassie blue revealed that uncooked crab meat, cooked crab meat, and cooking water extracts
showed similar prosein bands. The lsnimiso extract shared many proteins with the m eat extracts, but
contained some bands not seen in the meat extracts. Analysis of pooled sera using Western blot (picture
' ndshm)thowcdlgﬁbmdmgmscvaﬂhandsmﬂxboﬂ)m:agmcmdmgﬁmn-%kd
(kﬂcdalms)nnge

The stock allergen extracts (cooking water and kanimiso) were defined as containing 1000 relative
allergen units (RAU) per milliliter, and serial dilutions were prepared from these stocls each day to
coustruct a standard curve for each inhibition assay. The sera used for the inhibition assay were selected
“on the basis of the RAST results. The anti-crab meat pool contained sera that reacted strongly with the
meat allergens (>10% counts bound) but weakly or not at all with the kanimiso extract, and vice versa for

the anti-kanimiso serum pool. The limits of detection were found to be approximately 1 RAU/ml or 10
RAU/filter for the crab meat assay and S RAU/m! or 50 RAUffilter for the lanimiso assay. The :
minimum detectable concentration (MDC) for the crab assay was 5.2 RAU/m’® and 26.0 RAU/m” for the
kanimiso assay, based on an air sampling volume of 1920 liters (4.0 L/min for 8 hours).



Figure A2-1

SDS Gel of Crab Extracts

1= Hi@moh:ﬂnrwc@nmn‘kﬂs

2 = Low molecular weight markers

3 and 4 = Cyab Cooking Water -

S and 6 = Uncoolexd Crab Meat Extract
7 and 8 = Coobked Crab Meat Extract
9 and 10 = Kanimiso Extract

Note: Crab cooking water cuntzined three bands indicating proteins with molecular weights of 40, 33,
and 17 kd. The uncooked crab meat extract had the most protein per gram of sample, and the most ,
individual bands. A total of 19 bands could be detected, with major bands around 75 to 84 kd, 50 kd and
42 kd. ‘The cooked crab meat extract had 13 bands, with major bands at 50 kd, 38 kd, 22 kd, and 17 kd.
ﬂekannmsohadenghtdnsunctbandsmﬂnmajorbanduﬂlkdmdmkd
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Appendix 3
Environmental Evaluation Criteria

As a guide to the evaluation of the hazards posed by workplace expusures, NIOSH field staff employ
environmental evaluation criteria for the assessment of a number of chemical and physical agents. These
criteria are intended to suggest levels of exposure to which most workers may be expased up to 10 hours
per day, 40 hours per week for a working lifetime without experiencing adverse health effects. Itis,
however, important to note that not all workers will be protected from adverse bealth effects even though
their expasures are maintained below these levels. A small percentage may experience adverse health
effects because of individual susceptibility, a pre-existing medical condition, and/or a hypersensitivity
(allergy). In addition, some hazardous substances may act in combination with other workplace
exposures, the genera) anvironment, or with medications or personal habits of the worker to produce
bealth effects even if the occupational expusures are controlled at the level set by the ariterion. These
combined effects are often not coansidered in the evaluation criteria. Also, some substances are absurbed
by direct contact with the skin and mucous membranes, and this potentially increases the overall
exposure. Finally, evaluation criteria may change over the years as new information on the toxic effects
of an agent become available.

The primary sources of environmental evaluation criteria for the workplace are: (1) NIOSH
Recommended Exposure Limits (RELs),’ (2) the American Conference of Governmental Industrial
Hygienists’ (ACGIH®) Threshold Limit Values (TLVs®),2 and (3) the U.S. Department of Labor,
Qxxupaticns) Safety and Health Administration (OSHA) Permissible Exposure Limits (PELs).?
Employers are encouraged to follow the OSHA limits, the NIOSH RELs, the ACGIH TLVs, or
wbnchcve are the more protective ammon.

OSHA requires an employer to furnish employees a place of employment that is free from recognized
hazards that are causing or are likely to cause death or serious physical harm.* Thus, employers should
understand that not all hazardous chemicals have specific OSHA exposure limits such as PELsand -
STELs. AnemployensstillmqunedbyOSHAtoptmecttheuemploye&sﬁomhanxﬂs,cmmthe

absence of a specific OSHA PEL. : '

A time-weighted average (TWA) exposure refers to the average airborne concentration of a substance
during a cormal 8-to-10-hour workday. Some substances have recommended short-term exposure limits
(STEL) or ceiling values which are intended to supplement the TWA where there are recognized toxic

Ammonia is a severe inritant of the €yes, respiratory tract and skin. Itmayumsecoughmgbm-nmgmd

tearing of the cyes, nmny nose, cbest pain, cessation of respiration, and death. Symptoms may be

delayed in onset. Exposure of the eyes to high gas concentrations may produce temporary blindness and |
severe cye damage. Exposure of the skin to high concentrations of the gas may canse burning and

blistering. R:pemdcxpos\netoammomagasmaymnscchmmcmmnonoftbecyamduppa
respiratory tract. ; .

(hrbol Monoxide
Cnbonmonande(OO) is acolodecs, odorless, tasteless gas which can be a produdofthe incomplete
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combustion of organic compounds. CO combines with hemoglobin and imerferes with the oxygen

carrying capacity of blood. Symptoms include beadache, drowsiness, dlzznmmsea,vamdng
collapse, aryocardial Bcbemm.lndduth.

Micmorgnum

Microargsnisms (including ﬁmgundbast:xu)imnormal inhabitants of the environment. The
saprophytic varieties (those utilizing non-living organic maﬁulsafoodmee)mhabnsoﬂ,vegdmon, '
water, or any reservoir that can provide an aniple supply of a sutrient substrate. - Under the sppropriate
conditions (optimum temperanmre, pH, and with suflicient moisture and available nutrients) saprophytic
microarganism populations can be amplified Through various mechanisms, these orgzmisms can then be
dismninmdlsindividmleellsmhmociaﬁmwiﬂxsoiwustawmmlw. Inthe cutdoar -

environment, the levels of microbial acrosols will vary according to the geographic location, elimatic
conditions, and surrounding activity. Generally, mdoa-wkplacelevelsmmaecbdmbebelowthe
autdoor levels, wnth similar microbial species and relative frequencies.

Awep&blelmﬂmwukuwbmbmmmmgmmshwnmbmmbﬁsbed,m'

because allergic reactions can occur even with relatively low air concentrations of allergens, and
individusls differ with respect to allergic susceptibilities. The current strategy for on-site evaluatian of

enviranmental microbial contamination imvolves an @spection to identify sources (reservuirs) of

- microbial growth and poteutia) routes of dissemination. In those locations where contaminatian is visibly
evident or suspected, bulk samples may be collected to identify the predominant (fungi and bacteria)

Algneandl)moﬂagdlatu

Dmoﬂagenmemmmmanmofmbmdolymphhasbeenwggtsmdasmmlogwdngmtfw :
respiratory, dermatological and systemic symptams. Dinoflagellates are unicellular, free-floating algne.

Cuhmmmmedmoﬂageummwodnamﬂntmusepamlyhcsheﬂﬁshmmg. Blooms -

ofdmoﬂageﬂabmalsomsibleformlmdm '

Dinoflagellates resembling Hematodiniun sp. can canse fatal infection in crabs resulting in the bitter
crab syndrome. Infected arabs have drooping limbs and mouthparts, milky-white endolymph and when
cooked, the meat has a chalky textnre and an astringent after-taste. Prevalence and intensity of infection
are highest between July and October, with peak crab mortality in August and September. - Prevalence of
mfechonnnsuaﬂymbym:d—wmﬁdmmgﬂ:ehnvshngm _

Endotoxins

Endotoxin is a component of the outer cell wall of Gram-negative bacteria. It is often a contaminant of
organic materials and, when inhaled, can canse symptoms of upper and lower airway iritation, as well as
systemic flu-like symptoms. Endotoxins have a wide range of biological activities including
inflammatory and immunological respanses. '!hepuhnonaxymnaophagen:kalymtotbe '
effects of endataxins and a primary target cell for endotnxin-induced pulmonary injury folowing :
respiratory exposure. Expusires to endotosins have been reported to cause acute fever, dyspnes, chest
tightness, coughing, and decreases in pulmonary function. Asthmatics are mare seasitive to the airways
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There are no OSHA, ACGIH, or NIOSH standards or criteria for occupations] expasures to endotoxin.
The scientific literature contains research describing human threshold expasure limits for endotoxins.
The lowest endotoxin expasure reported to cause adverse pulmonary response was measured in exposure
studies among subjects sensitive to cotton dusts, [9 nanograms of elutriated endotoxin per cubic meter of
air (9 ng/m’)}; this concentration is equivalent to approximately 90 endotoxin umits per cubic meser of air
(EU/m’). Threshold endotoxin exposures among bealthy human subjects expased to cotton dusts are
reported by Rylander as approximately 1000 to 2000 EU/m’ for an acruss shift acute pulmonary
respcuse (decline in FEV,) and 5000 to 10,000 EU/m® for fever. However, a recommended end®taxin
exposure limit of 50 EU/m® based on inhalable dust sampling has recently been adopted in the
Netherlands. This limit was established as about half of the 90 EU/m’ level that induces measurable
airways obstruction.

Volatile Organic Compounds

Volatile organic compounds describe a large class of chemicals which are organic (i.e., containing
carbon) and have a sufficiently high vapor pressure to allow some of the compound to exist in the
gascous state at room femperature. These compounds are emitied in varying concentrations from
numerous indoar sources including, but not limited to, adhesives, solvents, paints, cleaners, cigareties,
and combustion sources. They can also be of microbial origin

) Oeciipatiopll exposure criteria and standards for air contaminants measured

SUBSTANCE NIOSH REL ACGIH TLV OSHA PEL

Aerusolized protein, No RELs No TLVs No PELs

Crab allergens,

Endomxin, and

anoapmsn:s

Ammonia 25 ppm TWA 25 ppm TWA 50 ppm TWA

A 35 ppm STEL 35 ppm STEL

Carbon Monaxide | 35 ppm TWA 25 ppm TWA 50 ppm TWA.

5 200 ppm Ceiling ;

1. NIOSH {1992). Recommendahmsﬁxocwpanmlnfaymdbealﬂa cowpendiimn of policy d-cuments and
stitements. Cincimnati, OH: U.S. Department of Health and Homan Services, Public Health Service, Centers for _
Disease Cantrol and Prevention, National Institute for Occupational Safety and Health, DHHS (NIOSH) Publication
No. 92-100.

2. ACGHH [1999]. lwsnvwmmmmmmmmmmmm
Cmcumﬂ;OlLAmmenfumovavunmmﬂlm«h&rnlﬂygnm

3. Code of Federal Regulmtions [1997]. 29 CFR 1910.1000. Washington, DC: U.S. vaunmmtﬁmhngom
Federal Register,

4. Public Law 91 - 596 Occupational safety and Health Act of 1970, Sec. 5.(a)(1).
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Table A-1. Personal Sampling Results - Total micro-Kjeldabl Aemsohzed Protein
UuiSea, Inc. Snow Crab Prucessing

Dntch Harbor, Alasks
Jannary 23, 1998
HETA 98-0069
Job Tide Date Sample | Sampling Total Protein
Sample Nomber - Time Volume Concentration
Collected (min) Collected (ng/m?)
, | p |
Butcher - | 172398 | 889833 | 537 1074 81
Degiller | 1/23/98 889806 - 553 1106 | 1500
Degiller 172398 8898-12 553 1106 140
Degiller 12398 | 889832 548 1096 170
Degiller 1/23/98 8898-30 589 178 - | 34

° :Samplwwaeeollectedonglmﬁbcrﬁhexsmomtédin3-piwe57mmmszu=sm2.0
° Samples were collected with an open-face cassette. -

e Exémmanon'ofthe filters aﬁ&ﬁxcwmk-shﬁnﬁdnmhdthat ‘crab bits’ were splashing
' ontothesamplmgmedm.Allsuhseq\mtpasonal sampling was done closed faced to
minimize collection of such material.

. Ihwedam:ctasaposnuvemnnolmdxcahngthatthemlmxjeldahlmethodm
eﬂ'ecuvelydctectmguabputcm. _
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Table A-2. Area Sampling Results - Total micro-Kjeldahl Aerosolized Protein

UniSea, Inc. Snow Crab Processing

" Dntch Harbor, Alasha
January 23-28, 1998
HETA 98-0069
Area Date Sample Sampling Total Protein
Leocation Sample Number Time Volume Concentration
.| Collected (min) Collected (ng/m’)
®
Butchering 1/23/98 - 8898-09 495 990 ND
Butchering 1724098 8898-17 517 1034 ND
Butchering 1225/98 8898-39 495 990 ND
Butchering 126/98 | = 000025 468 936 32
Butchering 12798 | 8898-R-09-CF 432 819 ND
Butchering 172798 | 8898-R-16-CF 480 960 ND
Buchering | 172898 | 8898-R-38-CF 492 836 ND
Degilling 1/26/98 000018 454 908 ND
Degilling 1728/98 | 8898-R-40-CF 465 791 ND
| Packing Line | 12398 | 889827 567 1134 ND
PackingLine | 1/24/98 8898-07 518 1036 96 .
PackingLine | 172598 |  8898-35 494 988 20
PackingLine' | 172698 | - 000012 454 908 ND
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Table A-2. Area Sampling Results - Total micro-Kjeldahl Aerosolized Protein (eonhnned)
, ~ UaiSea, Inc. Snow Crab Processing

Dutch Harbor, Alaska
January 23-28, 1998
HETA 98-0069
Area Date - Sample Sampling | Total _Protein
Location Sample Number ~ Time Volume Concentration
‘Collected | | min) Collected (ng/m®)
| o
Packing Line | 1/23/98 389822 | sn 1142 - ND
Packing Line | 1/24/98 8898-26 518 1036  ND
PackingLine | 1/25/98 8898-16 - 494 988  ND .
PackingLine | 12698 | 000007 - | 453 . 906 " ND
Cooking Tank | 1/23/98 - 8898-31 174 348 . ND
Cooking Tank | 1/24/98 889840 | 117 234 | - 6400
Cooking Tank | 1/25/98 000006 494 988 | 10
Cooking Tank | 1/26/98 000011 - | 452 . 904 n
Ambient 172398 8898-11 566 1132 - ND
Water Tank - . ’ , .
Shipping 124/98 |  8898-24 518 1036 | 39
Shipping 1/25/98 8898-36 495 990 . ND
LoadingDock | 172498 | - 8898-05 493 986 " ND -
Loading Dock |- 1/25/98 8898-34 482 964 ND
Loading Dock | 1/26/98 000019 453 %06 1
BunkHouse | 1/23/8 8898-15 567 m4 | ND
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Table A-3. Am Sampling Results - Respirable micro-Kjeldahl Aerosolized Protein

. UniSea, Inc. Snow Crab Processing

Dutch Harbor, Alasha
January 27-28, 1998
HETA 98-0069
JobTitle | Date Sample Sampling Total Respirable
1 Sample Number Time Volume - Protein
- Collected (min) Collected Concentration
()] (ng/m’)
Butchering 1727198 8898-R-17 432 819
Butchering 1/27/98 8898-R-21 483 821 ND
Butchering 12898 8898-R-28 492 836 ND
Degilling 12898 3898-R-18 466 792 ND
Degilling 172798 8898-R-23 467 794 ND
Packing Line | 1/27/98 8898-R-25 479 814 ND
l_PacldilgLi_ne 1/27/98 8898-R-13 480 816 ND
Packing Line | 172898 8898-R-36 286 436 ND
Cooking Tank | 1/27/98 | 8898-R-24 267 454 ND
3898-R-22 179 304

Cooking Tank | 12808 | 8898-R-35" 304 517 ND
Loading Dock | 1/27/98 8898-R-30 473 304 ND
Loading Dock | 1/28/98 8898-R-33 474 806 ND

NOTE: Samﬁlw wexe collected on 37-mm glass fiber filters mounted cyclones at 1.7 L/min
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Table A-4. Personal Sampling Results
Aerosolmd Proteln, Snow Crab Antigen, Kanimiso Antigen and Endotoxin (n=43)
UniSea, Inc. Snow Crab Processing

Dntch Harbor, Alaska
HETA 93-0069
JobTitle | Date | Sample |Sampling{ Total Aerosolized | Smow Crab | Kanimiso | Endotoxin
Number Time  Volume . |~ Protein Antigen | Antigen | (EU/m’)
| | (min) |Collected®| @g/m") | RAUM’) |(RAUM’) |
Offloader 3/8/98 | 000056 259 1036 - ND "ND 54 1.6
Buicher. 1/27/98 | 8898-R-10 | 481 962 . ND - ND ND 7.6
| Butcher 1727/98 | 8898-R-14 | 546 | 1092 'ND 92 ND | 213
Butcher 127/98 | 8898-R-20 | 517 1034 ~ ND 1 ND |11
Butcher 3/6/98 | 000019 441 1764  ND ND 66 247
Butcher 3/8/98 | 000039 | 319 | 1276 ND ND 95 7.6
| Butcher 3/3/98 | 000051 144 . 576 ND ND 140 | 824
Butcher-Deglller | 3/6/98 | 000006 | 455 1820 ND ND ND 2.5
Butcher-Deglller | 3/8/98. { 000072 | = 283 1132 'ND ~ND 53 284
Butcher-Deglller | 3/6/98 | 000015 - | 481 1924 'ND ND 86 4.1
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Table A-4. Personal Sampling Results (continued)
Aecrosolized Protein, Snow Crab Antigen, Kanimiso Antigen and Endofoxin
UniSea, Inc. Snow Crab Proceasing

s

Dusch Harbor, Alaska
HETA 98-0069
_ Job Title Date Sample | Sampling Total Aerosolized | Snow Crab | Kanimiso | Endotoxin
'_ Number ‘Time Volume Protein Antigen Antigen (EU/m’)
(min) | Collected (T) (xg/m?) RAU/m") | (RAU/MM) o
mmﬂm 3/8/98 | 000049 322 1288 ND ND 47 9.8
3....“‘:';:""’"“"“ 3/8/98 { 000055 290 1160 ND ND ND 25
Degiller 1/26/98 | 000009 516 1032 ND ND ND 6.2
Degiller 172698 | 000016 | 511 1022 ND - ND ND 48
Degiller 1°26/98 | 000017 | 512 1024 ND ND ND 6.8
Degiller 1/26/98 | 000023 507 1014 ND ND ND 3.0
Degiller 3/6/98 | 000007 510 2040 ND ND 30 9.1
Degiller 3/6/98 | 000016 506 2024 ND ND 570 53
Degiller 3/8/98 | 000034 259 1036 ND ND 270 5.0
Degiller 3/8/98 | 000090 | 346 1384 ND 'ND 70 7.9
Foet Gillag 3/8/98 | 000060 | 289 1156 ND 18 1‘39 33




Table A-4. Peuonal Sampllng Resnlts (eontlnued)
Aeroaollud Protein, Snow Crab Antigen, Kanimjso Antigen and Endotoxin
" UniSea, Inc. Snow Crab Processing

55

Dutch Harbor, Alaska
HETA 98-0069
-~ Job Title Date | Sample |Sampling | Total _ Aerosolized | Smow Crab | Kanimiso | Endotoxin
| . Number |{ Time | Volume Protein —Antigen | Antigen |  (EU/m?)
A | (min) [Collected(® | (pg/m’) RAU/m’) | (RAU/mY) |
Packer/Sorter  {1/26/98 | 000020 370 740 ND ND ND 9.8
| Packer/Sorter | 1126/98 | 000022 | 467 934 ND ND ND 55
Packer/Sorter | 1/26/98 | 000024 504 1008 ~ND 150 ND 47
Packer/Sorter | 3/6/98 | 000001 501 2004 ND 15 ND 32
Packer/Sorter | 3/6/98 | 000013 | 480 | 1920 | ND 46 ND 2.7
| Packer/Sorter | 3698 | 000027 | s 1936 ND ND 37 6.5
| Packer/Sorter | 3/6/98 | 000005 | 489 1956 ND " ND ND 2.0
| Packer/Sorter | 3/8/98 | 000097 350 1400 ND ND 53 .1
Packer/Sorter | 3/8%98 | 000057 354 1416 ~ND ND 82 3.5
Packer/Sorter | 3/8/98 | 000032 | 351 1404 ND ND 4 39
Packeo'Sorter | 3/8/98 | 000024 | 348 1392 ND K 53 11.0
‘| Cookermerencs | 172698 | 00008 | 511 | 102 ~ ND 'ND ND. | 49
Cookermwrwce | 3/8/98 | 000023 | 331 | 1324 | ND ND 56 173




Table A-4. Personal SamplingResults (continued)
Aerosolized Protein, Snow Crab Antigen, Kanimiso Antigen and Endotoxin
UniSea, Inc. Snow Crab Processing

Dutch Harbor, Alaska
) HETA 98-0069
Job Title Date Sample | Sampling Total Aerosolized | Snow Crab | Kanimiso | Endotoxin
Number | Time | Volume Protein Antigen | Antigen | (EUm’)
, . (min) | Collected () (rg/m’) (RAU/m®) | (RAU/m?) :

Cooker Exit 1/27/98 | 8898-R-15 - 536 1072 ND ND 66 6.6

Cooker Exit 3/6/98 | 000009 465 1860 ND ND 46 11

Cooker Exit 3/8/98 000068 333 1332 ND ND ND 55

Chiller Tenk | 1/26/98 | 000010 | 501 1002 | 69 ND- | 10 | 596
. | Chiller Tank .3/8/98 000040 283 1132 ND 21 55 39

Shipping- 1/26/98 | 000015 478 956 63 ND 61 238

Caseup _ _

Shipping 3/8/98 000031 146 584 ND ND 220 133

Caseup :

Shipping 3/8/98. | 000092 199 796 ND ND 330 949

Caseup

Pen Cleaning |

FreeaecrFork | 3/8/98 [ 000079 | 246 984 ND ND 830 24

Lift Driver . :
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Table A-S. Personal Sampling Results
Respirable Aerosolized Protein, Snow Crab Antigen, Kanimiso Antigen, and Endotoxin (n=12)
UniSea, Inc. Snow Crab Processing, Dutch Harbor, Alaska
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January 27-28, 1998
HETA 98-0069
JobTitle | Date Sample Sampling Total Respirable 1 Respirable | Respirable | Respirable
Sample Number Time Volume | Aerosolized | Snow Crab | Kanimiso { Endotoxin
Collected (min) Collected Protein Antigen Antigen (EU/m®)
. ' ) . (ng/m?) (RAU/m’) | (RAU/m?)
| Butcher 1/28/98 | 8898-R-26 | 340 578 o o
8898-R-34 172 292 ND ND 1420 - ND
Butcher 1/28/98 | 8898-R-29 498 847 ND 38 844 9.2
Butcher 1/28/98 |. 8898-R-32 186 316 ND ND 2270 ND
Degiller - 127/98 | 8898-R-11 501 852 - ND ND ND 227
Degiller 1/28/98 | 8898-R-31 - 527 896 " ND' "ND . ND 16.2
Degiller 1/28/98 | 8898-R-37 524 891 ND ND ND 44
Packing Line 127/98 | 8898-R-12 513 872 ND ND ND 14.5
Packing Line 1/28/98 | 8898-R-39 520 884 ND 15 ND 32,6
Cooking Tank | 1/27/98 | 8898-R-08 524 891 'ND° 58 ND 12.6
Cooking Tank 1/28/98 - 8898-R-27 515 - - 876 56 . . 'ND ND 16.2
Cooking Tank | 1/26/98 | 8898-R-19 | - 529 899 ND 'ND ND 18.5
Shipping 1/27/98 | 8898-R-07 501 852 ND “ ND ND - -39.0




Table A-6. Area Sampling Results - Low Exposure Comparison Work/Production Areas
Acrosolized Protein, Snow Crab Antigen, Kanimiso Antigen and Endotoxin (n=14)
UniSea, Inc. Dutch Harbor, Alaska

HETA 98-0069
Area Date Sample | Sampling Total Aerosolized | Snow Crab | Kanimiso | Endotoxin
Sample Sample | Number Time Volume Protein Antigen Antigen (EU/m*)

| - Location “Collected | (min) | Collected @ (ng/m’) | (RAU/m’) | (RAU/M’)
Loading Dock 1/24/98 8898-19 493 986 ND ND ND 2.0
Loading Dock 3/6/98 000018 493 1972 ND 180 2.7
Bunkhouse 1/23/98 8898-23 567 1134 ND ND ND 29.0
G1 Break Room 3/6/98 000029 553 2212 25 ND ND 11.2
G1 Break Room 3/8/98 000083 262 1048 ND ND ND 85
Glove Wash Room 3/6/98 000025 568 2272 37 ND S0 8.7
Glove Wash Room 3/398 | 000080 265 1060 ND ND ND 12.6
G1 Production Office ~ 3/6/98 000017 458 1832 ND ND ND 2.8
Screening Plant Deck 3/6/98 000022 487 1948 ND 7.9 ND 25
Meal Plant Hopper 3/9/98 000077 629 2516 ND ND ND 25.3
Meal Plant Storage 3/6/98 000014 482 1928 ND ND ND 20.2
G2 Surimi Plant 3/9/98 000020 559 2236 33 ND ND 13.6
Fillet Area -

‘| G2 Surimi Plant 3/9/98 | 000095 559 2236 8 ND ~"ND 10.0
Fillet Area :
G2 Surimi Plant 3998 | 000058 556 2224 31 ND ND 13.5
Screening Deck o
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For Information on Other
Occupational Safgty and Health Concemns -
Call NIOSHat:
1-800-35-NIOSH (356—4676)

. or visit the NIOSH Homepage at: ,
http://www.cdc.gov/niosh/homepage html

Wmﬁ .
v Deliverlng on the Naﬂon's ptomlse'
o L] Saﬁety and health at work for all people






