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The National Institute for Occupational Safety and Health (NIOSH) conducts field investigations of possible 
health hazards in the worlq>lace. These investigations are conducted under the aulhorit,y ofSectioo 20(aX6) 
of the Occupational Safety and Health Act of 1970, 29 U.S.C. 669(aX6) which authorms the Sec:retmy of 
Health and Human Services, following a written request from any employer or authori7.ed representative of 
employees, to detennine whether any substance normally found in the place of employment bas potentially 
toxic effects in such concentrations as used or found. 

NIOSH also provides, upon request, technical and COIISllltative assistance to Federal, State. and local 
agencies; labor; industry; and other groups or individuals to control occupational health hazards and to 
preventn:lated trauma and disease. Mention of company names or products does not constitute endorsement 
by the National Institute for Occupatiooal Safety and Health. 

This report was prepared by Dr. Hector Ortega and Steve Berardinelli, of the Field Studies Branch, Division 
of Respiratory Disease Studies in Morgantown, WV. Field assistance was provided by Dr. Feroza 
Daroowalla, Dr. Tunothy Thomas, Dr. Gina BUOllo, Dr. William Jones, Marty Pflock, Tun Taylor, Ray 
Pctslc:o, Diana Freeland, Made Ryan, Shalcira J'ranco, Chris Piacitelli, Charity Camaddo, Brad Husbcrg, and 
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by Tcny Rooney. 

Copies of this report have been sent to UniSea, Inc
., OSHA Region X, OSHA Anchorage Arca Office, State 

of Alaska, Division of Environmental Health, University of Washington, and the Iliuliuk Family Health 
Service Clinic. This report is not copyrighted and may be freely reproduced. Single copies of this report will 
be available for a period of three years from the date of this report. To expedite your request, include a self­
addressed mailing label along with your written request to: 

NIOSH Publications Office 
4676 Columbia Parlcway 
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On December 19, 1997, the National Institute for Occupational Safety and Health (NIOSH) received a 
request for a health h87.anl evaluation (HHE) from the management of the UniSea shore-based crab 
pwessiog facility in Dutch Harbor, Alaska. They were coocemed 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 health outcomes, and to develop strategies to prevent illness in crab­
processing workers. 

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

An over-all participation rate of 76% of wmters 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 wmt-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 S6%; of the asthma-like outcome 26%; and of 
the bronchitic outcome 19%. WOiters with a positive family history of allergies orworlciog in the butchering 
areahada sigoif"icantlyincreasedriskfordevelopmentofthe upperrespiratoryoutcome. Fortheasthma-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 antJl>odies to crab (serum anti-kanimiso IgE and anti-Pagurus 
crab IgE,) elevated serum ECP and 1he task of degtlling. 

Although this investigation was limited due to the relatively small size of this population, data showed 
development of new respiratory symptoms and asthma among crab processing worlcers over 1he six weeks 
of crab processing. These problems appeared to be occupationally related. Higher prevalence of lgE­
sensitization to crab among new or "naive" workers suggests that workers suscepbble to respntory illness 
related to crab processing may be more likely to leave their job (" healthy worker effect"). In pan because 
the precise etiological agent causing respiratory symptoms was not fully characterized, cxposutt assessment 
did not allow evaluation of dose-response relatioosbips. 

Dming the course of this investigation data indicated that • health hazard existed mm exposures related to crab 
processing. Both new� of asthma and increased burden of respiratory symptoms relative to the eari:lv-s, eas011 
survey were observed. Recoouoeodatioo to limit the impact of respiratory problems are described in the repor1 

Keywords: SIC Code 0104 (Crab related work), IL'llbma, allergy, crab, sea food, lgE, miaoscopy, spirometry, 
eoviromnentaJ LSI !MIit. 

V 



Preface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ii 

Summary ................................................ , .......................... iv 

Jntroduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 

Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
The UniSea Dutch Harbor Facility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I 
I 

Crab Processi11g and Potential F.xposures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Occupatiooal Respiratoiy Disease .Associated widJ Crab Ploc:esslng . . . . . . . . . . . . . . . . . . . .. . . . . . . 2 
Summary ofFnvironmental Oiaracteri7.ati of Crab Plocessi11g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

Methods . . . . . • . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Fnvironmental Methods . . . . . . . . . . . . . . ; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
lmmunologic:al Methods -Development and Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Medical Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F.nviromnental Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Medical Evaluation Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . 

Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

10 
10 
IS 

19 

Conclusions and Recommendations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 

Refea euces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . 23 

Figures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 

Tables . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . .  �· · · · · · · · · · · · · · · · · · · · · · · · · ·· · · · · · · · · · · · · · · · · · 

Appendices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Appendix 1. Allergen extract pqmatiuo ............................................. . 
Appendix 2. F.nvironmental samples fur allergen content ................................. . 
Appendix 3. F.nvironmental evaluation criteria 
Appendix 4. Tables widJ environmental analysis results .................................. . 

vi 

30 

43 
43 
44 
46 
49 



On December 19, 1997, 1he National Institute fur 
Occupational Safety and Health (NlOSH) received 
a management n:questfora health hazard evaluation 
(HHE) at the UniSea shore-based crab processing 
facility in Dutch Harbor, Alaska. Reponed 
respiratol)' illness among workers included colds, 
pneummia. bronchitis, and asthma. The evaluation 
consisted of ea.ly sea::oo and late-season medical 
and environmental surveys during 1be 1998 opilio 
snow crab season. 

The objedM:s of 1his investigation wa't: 10 
understand 1be nature of respiratol)' illness observed 
in crab piocessing worlccrs, to c:baracteri7.e 
workplace exposures, identify areas and sources of 
antigenicexposure,determine1hen:lati¥edegteesof 
exposure in different areas of1he plant and amoog 
1be various groups of pi1ttSSi1ag worlccrs, assess any 
potentially adverse exposures associated with lhe 
wort environment, identify any n:lationships 
between aal, puc iug exposures and n:spinltmy 
health tlutoomes, and develop pevention strategies. 

On Janumy 23 to 28, 1998, 1he early-season survey 
was conducted at lhe facility. The medical 
eva1uatioo of1he crab pioc:essD15 MIikers consisted 
of a symptoms and occupational histoiy 
questionnaire.spirometry(hmgfimc:tiontesling),and 
venipunc;ture(blood c:ollection). Themvironmerilal 
eva1uatioo consisted of air sampling fur aerosolmd 
protein,craballa-gens.and endotoxin. Bulk samples 
of snow crab products - collected fur allergen 
extract pepmatioo. 

On March S to 10, 1998, 1he late-season portion of 
lhe survey was conducted at 1he facility. The 
medical evaluation consisted of follow-up 1esting 
and questionnaire of 1he same group of crab 
proo:ssingwortcrswhocompleted 1heearly season 
survey. The environmen1al evaluation consisted of 
more air samples fur aerosolized protein, crab 
allergens, and a.dotoxin. Air samples wa't: also 

collected for rniaoscopic particulate analysis. 
volatile organic compounds (VOCs). • c:arbon 
monoxide, and ammonia. Bulle samples fiom lhe 
crab processing 1Bnks were collected for 
microbiological and elemental me1als analysis. 1n 
addition, direct n:ading aerosol measurements wa't: 

made. 

The UaiSea Dutch Barbor Facility 

The UniSea facility ill located in Dutch Harbor, 
Alaska, which is on lhe Aleutian island chain in 1be 
Baing Sea. The entin: UniSea complex eovas 44 
acres, with a sepmate building dedicated to crab 
Pocessin&- Opilio snow crab (Chionoet:eta apilio) 
is proc : :I fiom January through Mardi and 1he 
brown king crab (lJthodes aeqrdspin,a) fiom 
September to Novanber. The crab wortas do 
different job tasks at various wort lllatioos in a large 
open facility. Other buildings of1be facility are 
dedicated to fish prucesshag (pollock, cod, and roe). 
Two production planls in 1he facility process .,oDock 
into imitation crab meat or smimi. An additional 
facility, known as the "meal plant,• is kx:ated in a 
separate building. In 1his an:a, crab shells an: 
crushed, proc SSC :I, 'Ind bagged fur use in fillers., 
fertilizers, de. 

Cnbprocessingwukasan:usuallyhiml sea� .... ny 
and sign contracls for 310 4 month periods. Many 
an: non-F.nglish speaking immigrants to the U.S. 
Approximately 160Cl'dbpP essiogernployeeswort 
12-hour shifts, 7 days a week, fur nearly 60 days 
dwing1hecrab harvesting season. The day shiftnms 
fiom 6:00 a.m.10 6:00 p.m. and 1he.evaiing shift 
fiom 6:00p.m. to6:00a.m. Wodtershavetwo IS­
minute breaks and a 30-minute meal 1nak during 
each shift. During 1h,;; pooessing season. worters 
live in bunk houses provided byth,;; ,:.■11pauy. 



Cnb Processing and Potential &posures 

The process begins with commercially harvested 
male op1lio snowaabs that arrive live in the holds of 
ships (See Figure 1. Diagram of Snow Crab 
Processing at UniSea). The snow a-abs are 
transported from the ship holds onto the plant dock 
by UniSea employees called offloaders. It takes up 
tothree(l2-hour)work shifts for6tol0 Wlloadersto 
empty each ship, which can hold 40,000 to 60,000 
pounds of crab. From the dock, forklifts transport 
the aabs to a bopper that !IUpplies 10 butchering 
workstations. Butcheringemployeesgrabeachcrab 
by the legs and then using a semi-rigid plate around 
their abdomen, push the crab's body shell against a 
fixed dull metal blade. The body splits open and the 
leg chlslers separate from the shell. Shells from the 
body fitll away and are ground up in a separate 
process (meal plant). The internal organs OI' 
kanimiso are collected and flash frozen fOl'the Asian 
IIIIIJltet. 

Crab legs are transported from the butchers via 
conveyor belt to 25 degilling employees, who 
remove the gills oo a rotating blade. The degJlled 
crab leg chlslers are comeyed to the packing and 
sorting line. Approximately 40 employees called 
packers SOit the crab legs into three grades (based oo 
appeanmce, size, and condition) and pack the 
chlslers into 30-pound Slainless steel tubs. The tubs 
an: weighed and sent to the cooking 1ank. An 
overhead conveyor lowers a stack of tubs into the 
cooking tank, where they are cooked in fi'esh water 
at 210°F fOI' about IS minutes. A worker called a 
cooker is ·stationed at each end of the cooking tank. 

After cooking, the tubs are transferred to an ambient 
water tank (fi'esh water at room temperatun:) for 
rinsing and cooling. The crab tubs are then 
transported to a tank of water chilled to 33 °F to 
further reduce their temperature. Ymally, the crab 
tubs an: sent to a brine tank (with salt [NaCl] added 
in a sahmlled solution fOI' fieezingpoint dqxessioo) 
at-3°F. The crab legs are frozen in the brine tank. 
Atta- the brine tank, the crab tubs are rinsed in ·a 

fi'esh water gla7.e 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 f<ll' the freezer, cluller and brine tanks. 

In addition, IO to 12 employees work in sanitation, 
4-6 in quality control, 10 in maintenance, and 2 in 
laundry service. There are S supervisors called team 
leaders working each shift. During the proc:essill8 
season, workers sometimes rolBle among the 
different wort.. S1atioos. WClllcers in 1he crab 
processingplantwcarpersonalprotectiwequipment 
that includes hard hats, safety gl• C 5, tar plugs, rain 
suits, and insulated rubber gloves and bools. 

Wodcers are potentially exposed to spray and crab 
particulate generated during the butchering, degJlling 
and cooking P, OC C SIK S Any workers engaged in 
tasks in the vicinity of these poc csses may also be 
exposed (Figure I). In addition, crab workers could 
also be involved in 1he smimi OI' meal plant 
operations, dependingoo UniSea'sproduction needs. 

Occupational Respintory Disease Associated 
with Cnb Processing 

Asthma is a chronic inflammatoiy disorder of 1he 
airways. Inflammation maltes 1he airways 
chronically sensitive, er b)peuespuisi-ve. When 
these hyperresponsive airways at� inilaled, airflow 
is limited and exacerbatioos cause intermittent 
respiratory symptoms, includibg shoi b ess oflJRath, 
wheezing, chest tighb , 'IJld cough. Making the 
diagnosis of asthma can be bolh difficult and 
challenging. Diagnosing asthma requires 
appreciating the Wlderlying disorder that leads to 
asthma symptoms and • UDderslanding how to 
recognize the conditioothrough infonnati<., galheied 
from the patient's histoiy, physical examination, 
measurements of hmg function, and allergic Slatus.1 

lnoccupetional asthma,airwayob51ruction is caused 
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or made worse by workplace exposure to dusls, 
fumes, gases, wvapors. 

Asthma w asthma-like i llness bas been identified 
among aab processing-wodters,,.. but 1he incidence 
rates, host risk factors, and course of disease have ya 
not been fully descn"bed. The mechanism is llJ<lSl 
likely to be mediated by IgE a llagic n:spoose. In 
1982, NIOSH n:ported a survey of 46 symptomatic 
crab-processing workers visiting a beal1h clinic in 
Dutch Hmm, Alaska. The investigation concluded 
that dwing 1he aab p,ocessing season, 1he 
estimated rate of onset of dyspnea with wheeze was 
80 times 1he monthly incidence of asduna b 
similarly aged A mericans.2 

Soow aab, in particular, bas been implicated in 
cases of occupational asthma among processing 
worfcers.,.. A pevaJenc:e rate of IS.6% far 
occupational asthma (OA) was n:ported. Early . 
reports suggested that asthma in aab pro ess:..g 
wmcers is an im1mmologically mediated process 
with a latency period iaulting in bolh immediate and 
late symptoms. An lgE-mediated n:sponse to a high 
molecular weight antigen libented during 1he 
crushingofshells,bmlingofwholeaab,cuttingand 
separating leg., and claws was 1he p,oposed 
mechanism. In workers with asthma, BP ISSOCiatioo 
was found between skin test reaclivity (]gE) to aab 
cooking WIiia- and three commercial aab extracls. 
In this study, 12 of 46 subjects with occupational 
asthma (ainfirmed by ilmmmologic and inhalation 
challenge tests) also manifested signs and symptoms 
of allergy after eating aab.' 

Wlule studies have. suggested that lgE-mediated 
respiratoly illness is caused by c:xposure and 
sa15iti7.ation to ailborne antigen in aab p,ocessing 
facilities, 1he involved antigen bas not been fully 
descn"bed. · One of 1he major protein groups 
speculated to be involved in allergic reactions to aab 
and olha- cnatocea are 1he tropomymim. The 
tropomyosin family cmsisls of heat-slable highly 
homologous proteins, someof whic:hbave allergenic . 
poperties. The struclUre of cropomyosim from 
various"l'pllisms, inc:ludingarlhropoda(C"IS'l� 
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insecta, arachnida) and mammalia (humans) bas 
been previously defined. A recent report descn"bed 
1he molecular c:haracteristic of 1he major I� 
reactive molecule in aab, called Olll f I, with a 34-
kD (kilodaltons) molecular weight! This 
investigation was based on sera R8Clivity (]gE) of 
individuals with an allergk: readion to aab after 
ingestion. 

SummaryofEnviromnental Chancteriu1ionsof 
• Crab Pu◄ sing 

Several environmental evalualionsconductedataab 
p;ocessii,g facilities have been iepoiled io 1he 
literature (see Table I. Summmy ofF.nviromuental 
Evaluations). Ir., 1espoose to an oudJl'eak of aab 
asthma, the Washington lnduslrial Safety and Health 
Administration conducted a case study in a aab 
pocessing facility whcn:aab leg., wae splitwilh a 
band saw and scored using a JUlaling blade. 6 1be 
eoviromnental assessment included five 10tal 
particulate air samples collected overa3-hoorperiod 
to determine "aab dust" exposures. On the splits 
line, employee exposureswae 0.11 and 0.16mg/m' 
(millignuns of dust per cubic meta" of air). On the 
scoring line, employee exposwes .w:re 0.D3 mg/m3 

Ill" less. 

An environmental study was conducted aboard a 
tanna-aab prncessing ship in the Bering Sea.� Tola! 
ailborne particulate collected dwing buldiaing and 
packing ranged &om 0.14 to 0.68 mg/m' b fuur 
sa mples. Fourier-transform infrared 
1niaospecboscopy (FT-IR) MVealed a mix of 
protein, cellulosic and syntbelic fibers, silicates, and 
pigment constituent particles. Fnagy-dispersiw X­
ray analysis (SEM-EDX) of inotga11lc pmticles 
revealed silicon, alumimun, and iron. Area samples 
coDectedwitbaBmbrdSampla-nearsteamcookers 
yielded an anay of fluorescent particles 
(205,600/m'), aystalline structures (98,000-
392,000/m'). and olha-materials. 

A study conducted at a Canadian soow aab 
Jll<M-SSing plant identified 1he p mc:e of 
aerosolized snow crab allergens through 



radioallergosorbent test (RAS'J) inhibition assays of 
air samples.• Samples were anafy7.r:d by RASf­
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 concea1balion and the highest RASf­
inhibition activity (13% inhibition with crab meat 
and 23 to 28% inhibition with cooking water) were 
found in the cooking area. The snow-crab allergen in 
this area was approximately 1.7 pg/filter 
(micrograms of allergen per filter). Samples from 
ot1Je1' pocessing stations within the facility were 
characterized by low protein c:ouc:eubatiuns and 
minimal inhibition activity. Conclusions of the study 
suggested 1hat snowcrabpocessiuis ..-orlcers become 
sensiti7.CC1 through airborne dispersion of snow crab 
antigen during the cooking pocess. The airborne 
crab-derivedprote�weresuggestedutheQuseof 
allergic rmc::tions and occupational asduna. 

Mon, m:ently a study conducted by the same group 
of investigators at a snow crah pocessu1is facility 
focused on identifying Bm1S and tasks associated 
with high snow crab allergen exposure.' Area and 
personal samples were 1aken to determine problem 
tasks and areas. Samples were anafy7.r:d by RAST 
inhibition assays, measured against a snow crab 
cooking water allergen Slandanl Personal samples 
measmed higher crab allergen exposures than area 
samples. Of all the poc:essing locations, the crab 
cracking section (when: the body of crab is broken 
and legs are brushed) had the highest allergen 
concentration. The cooling basin exit had the second 
highest allergen a,uc:eubatui, followed bywodcc:rs 
cleaning (wxlec a water jet) and sorting crabs for 
packaging. A personal sample at the end of the 
producti<in line had the lowest antigen exposure 
measured. 

Environmental Methods 

Personal and an:a air samples were collected at the 
fBC1lity during opilio snow crab processing to 
measureconcentrationsofaerosoli=lprotein(using 
two different methods), crab allergens, and 
endotoxin - both the total and respirable &actions. 
The respirable frac:tion are particulates 1hat may 
peuebate deep to the gas exchange region of the 
hmgs. The total frac:tion arc partiailates of a size 
range 1hat may deposit anywhere within the 
respiratoiy tract. The total partiailate ftactim 
includes the respirable fraction. 

Bulk samples of the pocessii,gtanlc water were also 
collected for microbial and elememal metals 
analysis. Real-time direct reading instruments were 
used to measure ammonia and carbon monoxide 
c:ooceubations. The plant operations were evaluated 
at full production dwing the air sampling periods 
(approximately 8 to 9 homs). A SIJIJllJJ8JY of the 
various environmental methods is shown in Table 2. 

Microscopy Analysis 

Air samples were collected for miaoscopic analysis 
by drawing air at a flow rate of2.0 liters per minute 
(llmin)lhrough polycarbonate filters. An open face 
� was used to help insure an even density of 
partieles across the filter. Settled dust sampling was 
conducted by placing glus miaoscope slides at 
various points throughout the filc:Jlity. For certain 
jobs, the surface of new safely gla : , worn for a 
specified period, was used u a surface sampling and 
analysis device. Surface and filter samples were first 
examined with astereomiaoscope, followedby6ght 
and SCBJUJing electron miaosc:opy. Prior to 
examination 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 miaoscopi,; techniques. 
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Direct Reading Aerosol Measurements 

Real-time measuremen1s of BeroliOI exposure wen: 
made using a Miniram BeroliOI photometa-. The 
meter was operated in the passive mode and one­
second averages wen: Skll'ed ma Metrosonics dala 
logger. Bolh personal and area samples wen: 
coilec:tecl. 1n order to relate periodicily ofMiniram 
dala to wodcplace dynamics, video images -
collected dming area and personal sampling 
segments in the cooking area. Dynamic graphs of 
aerosol dala wen: created using LabVx:w dala 
acquisition software. 

Aerosolized Protein Analysis 

It was pesmned 1hat measurement of BeroliOlized 
mb prolein could be used as a swrogatemeasure for 
exposure to DDknown aab cmsli1uents. -lSing 
rcspirarmy symptoms and illness; and also could be 
used to determine relative degrees of anp� 
exposure in the various job classifications and plant 
1ocatioos. Samples were collected m 37mm glass 
fiber fiJtas and analy=I for tolal (collected at 2.0 
l/min)andrespirable(at 1.7Umin)proteinBeroliOL 
All area samples were collected with open filce 
=s :ttes to maximae unifonn BeroliOl loading and 
exposed filtration area. Based m the splatk:r 
associated with plautpocessl1.gconditioos, personal 
sampling was collected with closed fat""' cassefles 
Samples wen: analy=I by the miao-Kjeklahl 
melhocl. The limit of cletectim (LOD) for this 
analysis was 0.01 milligram (mg) oftolal Kjeklahl 
nitrogen per sample and the limit of quantilicatim 
(LOQ) was 0.04 mg. The minimmn detectable 
couceubatiw (MOC)was 10 Pf/m'. based man air 
sampling vohnne of 960 litas. Samples for the 
miao-Kjeklahl analysis were only collected dming 
1hl, a.al;,· srssoo suney. 

Miaobiologlcal Analysis 

Microbiological sampling was conducted . to 
determine the exleDt of anyp:,tentild CulibuiiuJBtioo.. 
Bulk samples of the plant processi,18 water wen: 

collected and analy=I qualitatively for bac1eria, 
fimgi, and algae. The liquid samples were collected 
in sterile containers from the various p-oc ing 
tanks. Samples wen: collected from the Jranimiso 
water tray. cooking tank. ambient Wida" tank. two 
chiller tanks, two brine tanks, two glazingtBnks. and 
the pan washing tank. Sea Wida" was collected as a 
control sample. Bacterial cultures wae grown in 
tryptic soy agar(TSA) and incubated at 5.25. 35, or 
55°C. Fungal cultures were grown in 2% malt 
extract agar (MEA) and incubated at 5, 25, 35, or 
55°C. The samples wen: incubated at temperatures 
c:onsistent with the plant ]nU:C:SSUlg 1mlk CODditions. 
Afterincubation. thepi:dominantgeneragrowingin 
each sample were identified and counted as colony 
fonning units (CFUs). Algae cultures wae 
examined to identify Hematodinium-like 
dinoflagellates. 

Volatile Orpnic Compounds Auiysis 

Samples wen: collected from various an:as wi1hin 
thepocessdlgplantdming� podoctionandncn­
production shifts. Samples - also collected 
outside and in two Olher facilmes buildings. 
Samples - submitted for qualitative analyses of 
Voesusinggasc:hromatography/massspedim.4$ 
(GC/MS). 

Area air samples for voes - collected CJD 
1hennal desorption tubes. Therm.d desaptimtubes 
are extremely sensitive for sampling voes when 
COIICCibatioosaree,q,ec:ledto be low. Each1hennal 
desorption tube contained 3 beds of SOibentdllltcrial. 
a fi-ont layer ofCmbot.ap Y (90mg), a middle layer 
of Cmbot.ap B (115 mg), and a back layer of 
Carboxen 1003 (ISO mg), all housed in a r=Hess 
steel tube. Prior to field sampling, each tube was 
conditioned for2homsat37 5°c. Samples'Wa'Cclry 
purged with helimn for 30 minutes at 100 cc/min to 
remove water. Dmingtheenviromnental SUMl)',air 
was drawn through each 1bennal deSOiptioo lube at 
a conslant flow rate of50 mVmin for a maximum of 
two hours. Samples wen: analyzed with a Pakin­
Elmer automaiic 1hennal deSOl)Aiw system 



interfaced with a gas chromatograph with a mass 
selective detector _  

Elemental Metals Analysis 

Elemental metals analyses were conducted on bulk 
samplesfromtheplautp,ocess;11gtankstodetermine 
ifanyheavymetalswerepresentthatwould interfere 
with the immunological testing. The-samples 
were collected in containers from the various 
p,ocessing 1anks. Samples were collected from the 
kanimiso water tray, cooking tank, ambient -
tank, two duller tanks, two brine tanks, two glazing 
tanks, and the pan washing lank. Sea water was 
collected as a control sample. The samples were 
digested and analyzed by inductively coupled plasma 
emissionspectroscopyacoordingtoNIOSHMcthod 
7300.• 

Carbon Monoside Analysis 

Potential sources of cmbon monoxide (CO) were 
from the oil-fired boiler on the loading dock and 
from propane-fueled foddifts used throughout the 
plant. Sampling of CO was conducted in the bunk 
house(dormitay)areaabovetheprocessiugfacility. 
Area concentrations of CO were determined with a 
direct-reading lnduslrial Scientific STX70 gas 
monitoring instrument. Measurements were 
collected via a dataloggec over a 2-day period. The 
measuring range of the CO monitor was O to 999 

ppm, in I ppm increments. The accuracy of 1his 
instnnnent was :1:10%. The instrument was 
calibrated in accon:lance with the manufacturer's 
inslructions prior to use. 

Ammonia Analysis 

Ammonia (NH.) sampling was conducted near the 
chiller and brine tanks where ammonia is used as a 
refiigerant. Area cmcen1rlltions of ammonia were 
determinedwithadirect-readinglnduslrialScientific 
STX70 gas 1Dconitoring instrument. Measurements 
were collected via a dalalogga-over a 2-day period. 
ThemeasuringrangeoftheNII. monitorwas0to99 

ppm, in I ppm increments. The accuracy of 1his 
instrument is :!:I 0%. The instrument was calibrated 
in accon:lance with the manufacturer's instructions 
prior to use. 

Jmmunological Methods - Development 
and Analysi, 

Serological Studies 

Blood samples collected from study participants 
were analyzed fortolal and specific intmuooglobulin 
E (lgE) ant1lxxlies and eosinophil cationic prolein 
(ECP) using a standard commercial assay 
(Phannacia/Upjohn, Ka1amamo, Ml). Blood was 
centrifuged, and sennn was collected and stored at -
2«rC tmtil analyzed. Sera were also analyzed for 
specific IgE anblxxlies to common aeroallergens 
using commercial standard melhods and to snow 
crab with assays prepared at the NIOSH laboratory 
(see below). All samples were tated in duplicate. 
Serological melhods used in 1his study are 
summarized in Table 3. 

Total lgE Anti"bodies and EosinophD Cationic 
Protein 

Total IgE and F.cP saa levels were measured using 
the CAP" method (Pluumacia/Upjohn, Kalamazoo, 
MI), following the manufacturer's reaimmcnded 
procedure. In 1his investigation, F.cP levels of23 
11g/l or greater were considered suggestive of an 
active inflammatoiy p,ocess... In the adult 
population, tolal IgE levels greater1han I 00 kU/Lare 
considered abnormally elevated. a Increases in 1DlaJ 
sennn IgE levels may be DOied in allagic diseases, 
parasitic infestations and other systemic conditions. 
The great majority of patients in the general 
population with elevated sennn IgE have atopic 
disorders such as allergic rltinitis,atopicdermatitis or 
asthma. As with other laboratory tests, the 1Dla] 
sennn IgE can bt, p1ope11)- iuleipeted only in 
reference tc, peatincnt clinical infonnatioo. Thus, a 
low sennn tolal IgE level does oot rule out serious 
allergic potential; similarly, asymptomatic 
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individuals with high serwn JgE levels an:: also 
encountered. 

Si-ffic Anti"bodies 

To assess atopic status, common enviromnental 
alleigens - also evaluated using 1he CAP" 
mdhod (Phannacia & Upjolm, Kalamazoo, Ml). 
Antibodies to a house dust mite mix 
(Dermatophagoides pteronjssinus. D.farinae and 
Gaman cockroacb). a mold mix (Penicillium 
natalllm, Cladosporium herbarum, Aspergilha 
fumigatus, and Allemaria ahemata). a weed mix 
(ragweed, mugwort, F.nglisb plantain, Russian 
thistle, and lamb's quartas). and an epidermal mix 
(cat, clog. horse, and «1W dander) - measmecl, 
following the manufacturer's n:c:ommended 
procedure. Pharmacia CAPresultsnmged from class 
O (negative) 10 class IV (strongly positive). Results 
wea" exp;essed as p,sitive if class D « grcala". • 
Atopy was defined as having me or more positive 
tesls. 

ADergen Extract Preparation 

Four types of allergen extraclS of snow crab "Wa"e. 
p-epared from bulk samples collected during 1he 
early-season sum,y. Extracts 'Wffla pepwed with 
wata' from 1he tank used 10 cook 1he crab legs, 
cooked and uncooked crab meat, and kanimiso. F« 
delmlsn:fer10Appendix I. 

Crab-Specific lgE Anti"bodies 

AD sen ·:wa-e initially assayed fir lgE anb"bodies 1D 
crab, using a oommercial Pagurus crab CAP" assay. 
A standaid curve was constructed f«eacb assay and 
appropriate positiw: and negative refen:nce samples 
wa-e used as recommended by 1he manufacturer. 
Test results wa-e expessed depending upon binding 
relative 1D known positiw: Slandards povided with 
1he oommercial assay. A sccre equal 1D « greab:r • ed • • .,_ initially". than 2+ was -� positi\le. """" 
sc.eened using this method "Wa"e cbaracterized as 
strongly positive, weakly positive, «negatift. 

Heellh ,,,,_,, � Repott No. -

In addition to 1he CAP" PagunJs crab assay, RAST 
assays wa-e developed at the NJOSH Jnummology 
JaboratoryfordtedetectionofspecificlgEanb"boclies 
to allergens in snow crab cooking water and snow 
crab lcanimiso, as p-eviously described. 0 A known 
pool of sen p,sitive to snow crab (puvided by Dr. 
Sainuel Lehrer, Tulane Univasity) was used as a 
positive cartrol for allergen pq,aratiCllls. The 
optimal concentrations of four allergen cxbacts 
(cooking water, uncooked meat, cooked meat, and 
lcanimiso) wa-e determined. Binding of lgE 
anulxxlies was detected using an 1m-labeled llllli­
bmnan IgE (Diagnostic Products Corpontioos, Los 
Angeles, CA). RASTs performed using ailc:rgeos 
derived tiom cooking water, uncooked meat, and 
cooked meat gave nearly identical resulls. Allerp 
from crab cooking water was chosen to be used 
based on results of sodimn dodecylsulpbate (SDS)­
polyacrylamide gel .:lectiop,o,esis ilUdies (&ee 
Appendix 2). Results were exp; c � u a RAST 
score determined by dividing the counts bound by 
allergen-coated beads- by counts bound by human 
serwn albmnin (HSA)-aiated beads. Positive 1mlS 
wa-e defined as a score equal to <- g.eata than the 
90tbperceutileamongDOll-eXposednaive'Mllkersin 
the emty season sum,y. 

Environmental Samples for ADergen Content 

Air samples for snow crab allergens, 1olBI 
aerosoli7.ed protein, and endotoxin wa-ecolleeled on 
37mm glass fiber filU:rs. From me air sampling 
:fiher, results were reported for crab cooking 'Wier" 
alla-geo, kanimiso allageu, putein,and cndotoxin. 
Area samples wa-e collected at 2.0, 4.0. and JO 
Lhnin. Pasonal samples "Wa"e collected at 2.0 and 
4.0 Lhnin fortbetolal fi'action and at 1.7 I/min fir 
therespirable fiaction. Area samples"Wa"ecollected 
0per1- face and personal samples "Wa"e collected 
closed-face. For additional details refa-11> Appendjx 
2. 



Protein Analysis of Environmental Samples 

The total protein content of the filter e:xtrac:ts 
was detennined by a modification of the l..owly 
assay by Bio-Rad Laboratories (Hercules, CA) 
adapted for low concentrations of prnlein. The 
LOD for the assay as pe:ifonned was S.O pg/ml 
or SO l'llfilta- using bovine serum albmnin 
(BSA) as the standard. The MDC was 52 
pg/m', based on an air sampling vohnne of960 
litas. The protein content of the aab meat 
extracts and c:o,.ceubahad cooking water was 
determined by the Bio-Rad OC Protein assay for 
high protein content samples which bad a I 00 
pg/ml limit of detection using BSA as the 
slandard. 

Endotmin Analysis of Environmental 
Samples 

The endotoxin content of the exbacls uf air 
sample filters was determined by the Kindio­
QLC Limulus Amebocyte Lysate assay 
(BioWhittaker, Inc., Walkmvilk; MD), using 
the- manufacturer's rccommended procedure. 
The results are reported in tams of endotoxin 
wiits per cubic meter (EU!m3} and were 
corrected for field blanks. The LOD for the 
assay was 0.05 EUhnl or 0.S EU/filter. The 
MDC was 0.52 EU/m3, based on an air sampling 
volwne of960 litas. 

Medical Methods 

. 

The medical surveys were conducted near the 
beginning and end of the 1998 opilio snow aab 
season in Janwuy and March. Advance 
announcement of the NIOSH medical surveys was 
distnl>uted to all crab processiilg W<Jllcm by UniSea 
management. UniSea scheduled willing participants 
for these medical evaluations during their W<Jllc 
shifts. 

Pagel 

Stndy Partidpan1s 

All workers identified by management as •crab­
processing W<Jllcers• were eligil>le for entiy into the 
study. Exclusions from the subsequent group 
analysis were as follows: 1) Failure to complete both 
early and late season questionnaires; 2) Failure to 
meet the defmition of being a "crab processing 
W<Jllca" (at least 4 weeks of docwnentcd time in 
crab-processingjob categories; see "job categories• 
below). 

Questionnaire 

Trained interviewers administered questions 
modified from the British Medical Research Council 
respiratory questionnaire14 and the Intemational 
Union Against Tuberculosis and Lung Disease 
questionnaire. 15 Participants were asked about upper 
and lower respiratory symptoms, skin symptoms, 
personal and family heaJlh histoay, wart histoay, 
W<Jllc activities, tenure in the crab indusb'y, housing 
location, and tobacco use. Spanish and Taplog 
translations of the questionnaires were used when 
appropriate. 

Cue Definitions 

Changes in individual self-reported symptoms over 
time were evaluated among participants completing 
bodt the early and Jc:e season survey questionnaires. 
Aggregates of symptoms were classified in the 
following categories: upper respiratory outcome, 
asduna-like outcome, bronchitic outcome and 
fimctional impairment. 

Health outcomes were defined based m self-reported 
symptoms (see below). Please note that questions 
marlced with an asterisk (*) at the _ early-season 
1ep1ese11t 'the last 12 months' and for those in the 
late-season questionnair.. rep s cut 'the last 6 weeks 
-dming the aab season'. 

HeBllh Hazen/ Ewalualion Repo,t No. INl-0069 



Upper Respinltory Outcome: W11:, defined as a 
"yes• answa-to my of the following questions: 1) 
do )'OU usually have stuffy oosc; or drainage at the 
back of your nose?; or2) have you bad twoorlJIQl'e 
episodes of blocked, itdiy, or runny nose.., 

Asthma-like Outcome: Was de6ut,d .s a "yes• 
amwertoatleasttwoofthefollowingquestions: 1) 
does your chest eva- SDUDd wheezing or whistling 
apart from colds ormostda)S ornigbls each week?; 
2) do )'OU eYa' have attacks of shortness of brc:alh 
(SOB) with wbecziog or whistling and your 
breathing was absolutely oonnal between allacb?; 
3) have you beeu botbc.lQI by tigblut:.11 in your 
dlest-; 4) have you been awakened by an attack of 
coughing. wheezing. or SOB?; and S) have you bad 
an attack of SOB or coughing that came m during or 
shortly afta-you stopped cxacising? 

Bronchitic Outcome: Was defined as a "yes• 
IDSMl'IO bolh of the following questions: l)duyou 
usually cough m getting up, or first thing in the 
moming?; 2) do you usually bring up my phlegm 
from your chest oo getting up, or first thing in the 
marning? 

FIIDdional impairment: Was defined as a ■yes• 
IDSMl'IO 1111)' of the following questinnl;· 1) 1ft you 
troubled by shortness ofhrealh when hurrying 00 

level ground or walking up a slight hill?; 2) du ym 
getsbortofhrealh walking with Olberpeople of your 
ownageoo level ground?;3)duyou have to stop for 
� when walking at your own pace oo level 
ground? 

Other6icton 

Tenure Status: Partic:ipan1s wa:c divided iD1o two 
groups based 00 their 1al1Jn: in the aab indusby. 
ThosewithfourVAdsor lesswod..expaienceiathe 
aab indusby at the earl}· se son !IIUrW)' were 
c:onsidered mm:. The ranaining participants wae 
c:onsidered ·e:xperienc:ed· WOiters. This period of 
time was selecled because the ini1ial survey began 
after the first week of the season and lasted two 
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weeks. Therefore.a "naive"wodca-cooldbeMJddng 
in aabprocessingforuptothree-weeksatthemdof 
the eaaly seaS00 suney. 

Housing Status; Partic:ipan1s ,ivm: classified into 
two groups according 10 the place when: tbeyv.-ae 
housed. Those that lived in buildings awayfiom the 
processing plant were coosidenid •off'-site•. The 
ranaining paiticipams 'Wa"! c«•MSideaed "cJn.m•. 

.Job Categories: Al1hougb jc,t, caleguies changed 
during the aab seasm for most of the WIX'..as, 
wukers were classified iD1o aoe of the follawmgto 
faCJlilale the unders1anding of heallt. wli oo..s 
"5SOciated wilhjob• alqp •)· anJoadin& b,01 liaing, 
degilling, packing, case-Gp, mixallifirv and 
mixedfclean.Tobeincludedinthemm)ysis,a'Mllbr 
must have spent at least four 'Meks in crab 
pocessing. Wolbrs-.,g.ouped ineac:hofthejob 
Cl11eg\liies jf they bad \Wlbd in tbatjob for three 
weeks or more and time spent in that .r> e11 eedcd 
time spent in all Olber jobs. Womrs -
Cl11eg\liized .shaving. mixedjob \YJle if they bad 
not spent at least three weeks in a single job or if 
time spent in a job did not exceed time spent in Olber 
jobs. The mixedfdirty group included 'MJlbrs with 
at least three weeks 1Dtal ia> bd• '"•DI& deg,'1Jing <r 
rooking The mixed/clean group included 'MJlbrs 
with less than three weeks in those adMlies. 

Potential high uponres: Wmbrs inwlwd injob 
catego,ies wt- greab:r -oso1 gwaatiw was 
obse. Veil (visually) 'Wele alst, g.ouped. 1bese jobs 
included bu1chering. degming and c,:,omg 

Spirometry 

Spiuxoetr1 was pcafonued foJlowiug the ida•-lard 
Amaican Thoracic Society (ATS) guidelines. 11 

Spiromeuy was peafu.med using a 6cy ....,, seal. 
spirometer inlt:ifi.ced IOaclrA'lica!ed Ui ii lJ•iltt. Tests 
wa:c conduded in a Slao•tiug positiln • and 
adminislm:d by trained tedmiciaus. At least five 
maximal expitaluly blows - acaxded for each 
1alt. AD measmecholumeswai:cx:ueaedt.,BlPS 



(body temperature, ambient pressure, saturated with 
water vapor). The largest forced vi1al capacity 
(FVC) and forced expimoty volmne in one second 
(FEV J-wae selecll:d for analysis, regardless of 1he 
blows in which 1hcy oa:um:d. 

Predicted values -wae calculated using published 
reference equations. n Pn:dided values for blades 
wa-e determined by multiplying 1he predicled value 
by 0.85 tc, ccuect for chest sae as compared to 
Caucasians and native popu]atioos.'" AD spiromeby 
tesls 1hat resulted in interpretable n:sults wa-e used 
in 1be analysis. Abnormal tesls wa-e defined as 
n:sults lower 1han 1he 9S"' percentile limit of 1he 
predicted value (LC., 1he lower limit of normal 
[LLN]). f"m, paceat of a large populalioo of 
asymptomatic nonsmokers would be expeClt:d tD 
have test n:sults 1hat &II below 1he UN, while 95% 
would bave test n:sults above 1he lower limit. .. 
Abnonnal test results wa-e categoaiud as having a 
pattern suggesting obslruction or ratrictim as 
follows: 

Obrlnactioa: Obserwd ratio of'FEV.JFVC 
below 1he UN for ratio. 

Restriction: ObserwdFVCbelow1beUN 
and 1be 'FEY IFVC ratio. > 
UN. 

Broachoclilator Res,-. 

Bronchodilatoa- n:spcnse was detamined using 1he 
change in 'FEV1 from 1he first test (baseline) 30 min. 
after administratioa of two puffs of AlbuteroJ by 
metered dose inhaler. A significant change with 
broachodilalllr - de6ne:d a a greala" than 8% 
inaease • in 'FEY I from p-HJioochud,lalnr FEY .. 
This leYel of change is thought to iept ot .a ttue 
'FEY, change in airways 1hat bave an underlying 
broochoconslric and uode.go dilatioa after 
broacboclilamr delivery... Although less stringent 
than 1he 12% dueshold m:ommended by 1he ATS, 
this mon: sensitive threshold has been used in 
epidemiological stncfies " 

Pr,gefO 

Stamtical Analys& 

Themedicaldstawa-eexaminedc:ross-sectionaat 
early and late-season sun,eys and longitudinally by 
examining1hechangesovertime. These longitudinal 
changes wa-e evalua1ed using McNemar's test 
Desa ipti,., Slatistics and 1ables-wae produced with 
Statistical Analysis System (SAS), version 6.12."" 
Univariate analyses wa-e performed with Mantel­
Haemm:I chi-square test and Fisher's exacttest(for 
dsta in 2x2 1ables with less 1han five subjeds pti' 
cell) using F.pi Info versioa 6.04b. Any risk ratio 
(RR) higher than 1.0 was c:onsidenxl to be 
Slatistically significant if1he lower bound of1he 95% 
confidence interval (Cl) for 1he RJl estimatr: -
;;, 1.0 or if1he P value was s0.OS. Aa mbilrmy risk 
ratio higher than 1.S but 95% CI lower bound 
included one, 111ggested all association 0i" 1n:ocl 
without reaching slatisticaJ-significance. 

In addition, sbatffit:d analysis was conducted. For 
the multivariate analysis, models wa-e fitted to the 
data in order to determine whether potential risk 
factors (tenun;job categoay, early seasoa outcome, 
and potential high c:xposures) would be moclified by 
age, race, smoking, Bklpy, fiunily hislmy of alle,gy, 
or housing 

EnvironmentaJ Results 

Worlq,lace Olisenatioas 

During 1he bulchering process, Wlldters -
exposed to large amOUDls of aab meal, shell, and 
kanimiso which wa-e propelled oatD their rain snits, 
safely glasses, and exposed sectioas of their faces. 
Siinilar observatioas wa-e made at the degiiling 
s1atiom, where gill tissue and shell particulatr: wa-e 
also propelled oato 1he 'Wlllktr. Workers routinely 
removed 1he aab splatter fian their safely g)a : s, 
and aab particulatr: was obsa 1/ed 011 anplo)'ee 
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faces. Befon:1aking breaks, butchering and degiDing 
employees washed 1heirnin suits wi1h warm 11D8pY 
wata' from a large bucla:t or stood unda- 111 

overhead showa". Poteutial employee exposures 
during aab pocessing are SUlllJll8rized in Table 4. 

VisJl>k exposwe tu aab meat, bnimiso, and shell 
was less atpackin& IXIOkingtank, and case-up Wlllk 
stations. F.mployee exposure fn rooking steam was 
observed attbe: mbance and cxitofO,..rookingtank. 
In addition, 1ha-e was condensafinu Clll the Ceiling 
above 1IJP. rooking tank. Tb,, rooking bQiJc was 
puvided wi1h a local exhaust wnti1ation syslan 1D 
lelllOVe rooking -.m. The exhaust fur the 
� syslan wa.e b:8lrd 00 the roof in close. 
poximity 1D the aab bopper and eubance to the 
butchering workstations. Intermiltelltly, 
reentrainmeot oftbe rooking 11m1c exhaust in1D the 
filcility1hru 1IJP. bi111 JaR1g wodt area was observed. 

Cleaningofthepocessieig line and tanks wi1h bigb­
pessmed wata', was anolber polartial IIOUl'Ce. of 
c:xposure1DaabmeatandlamimisolnmW1CleiDeatb 
the CllllYe)U" belts, Clll the floor, ilnd around the 
butchering, degilling, and packing/sorting 
vrorlcstatiws.. Case-upwomrs Were alsopotentially 
eXpDSed during the c:Jeanmg <>fused era" rooking 
pans and lamimiso 1nlys. 

Temperature ud Relatm Humidity 

Dming the Janumy 1998 lllnCY, the lrmpeaalure 
inside the aab poctsSDl8 plant ranged from 29-
47"F, with Ill avaage plant 1empeaalure of 42°F. 
Relauve humidity (RH) ranged from 43-88%, wi1h 
the average pJaot RH of 67%. Dming the Mardi 
1998 SlnC,Yh laiipeaalure ranged fiom 4S-46"F in 
the plant, wi1h Ill average 1empeaalure of 46°F. 
Relauve h� ranged fiom �., with an 
average RH of 75"a. Outside, the tempeaature 
ranged from 23-40"Fwilh 43-61% R1L 
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Microscopy Analysis 

Scanningeleclronmicroscopeimagesofsudaceand 
filter samples collected in various areas of the plant 
are povided in Figure 2. Image A is of a particle 
isolatedfiomaglassslidesamplerfromdll'deg,11ing 
area. It was not uncommon 1D See this "slooc:heuge• 
ammgement of particles around the peaipia) of a 
deposit. This -.po1ated dep sil was 1he liquid 
particle at the time of sampling. Elrmeubil .maJ;ysis 
Clll the individual particles l9Vellled ptronirumt 
sodiwn and chloride peaks pruviding cvidmce 1hat 
the liquid was a sodiwn c:hloride (NaC) solution 
(pobably sea water). 

Similar particles Were aeen which also contained 
various fiagmeDts of aab (shell, meat and gill) 
within the largG deposit lmageB isacloserYiewaf 
saltayslals isolatedfiom a glass slide sampler from 
the butchering area. Image C is an image of a 
liagment of aab meat delectm OD ID air sample 
colleded in the deg,"lling 111m and Image D abows a 
particle of aab shell fiom anairsamplelakm in 1he 
butd.eaiug area. The meat particles tmded lo be 
elongaled, sometimes striated and oflm showed 
cvidence of tearing at the ends. Shell &agmmls 
appemm as equant flakes, oflm layered. 

Image Eis a portion of the surface of an employee's 
safety glasses - in dr deg,lling -- A 
pedominance of large cin:u1ar deposits ia aeen wilh 
a background of small white spc:dr:s Many of these 
specks Were identified IS individual SPCfium c:hloride 
aystals. Manyofthe particlesfiomdeg,1linglwda 
gelatinous texture. On IOllle of the largu' "Viscous 
particles, Selective staining cwfirn..:d 1he p : ma, 
of protein. 

Image F is fiom an air sample fiom deg,"lling 111d 
again evidence of a liquid aerosol is aeen with a • 
deposit pattern s.Jggestiog hlgbcr viscxx.il)-. This 
deposit is more sublk; iipiWWWIUig as a splattering 
whicbseems1Dradiatefiom apointeeula'leftODthe 
pint. The cin:ularfealurts OD this image and also OD 
images C and Dare the holes in 1he polyc:arl,cmte 
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filter. Note that 1he observation of a gelatinous 
character to many particles observed in the degtlling 
area is consistent with the nature of this operation 
which is essentially grinding away the gills from the 
crab legs. Although dissection showed that the gills 
bad a geometry consisting of many thin plates, 
overall ti:xture was gel-like. Slow motion close up 
video oflhe degilling area suggests that in addition 
to large particles, a spray of aerosol is sometimes 
aeated. 

Direct Reading Aerosol Measurements 

Din:ct reading Kl'OSOI measurements for an area 
sample collected in the cooking area is shown in 
Figure 3. The n:sponse of such monitors is affected 
by various physical features of a given particle 
including size, shape, miactive index and 
absorplivity. The raw OUlpUt cannot thaefute be 
related directly to more fimdamental measures of 
particulate and the ordinate is 1hus labeled simply as 
Miniram llllils. Tho; ...-..wn i..clearlypcriodicand 
remarkable in bow quickly 1he peaks rise and &IL 
Peaks were also seen in o1her areas of the plant, but 
fi-equency and intensity were lower. Tune 
syochrooi=I video overlay onto dynamic graphs of 
aerosol cooc:eubati.n'I from bo1h persooal and area 
monitors, indicated tut these peaks were associated 
wi1h visJlJle clouds of c:oodensed water vapar 
pcriodically hovering in the neighborhood of 1he 
melllr inlet. 

Aerollolized Protein Analysis 

Personal Sampling Results 

On Jan1181)' 23, 1998, five persooal samples 
were collected open-face for tolal aerosoliml 
polein (fable A-1). Samples were collected 
from one bub:bcriog and four degilling 
anployees. Resul1s ranged from 34 1D 1500 
Pwm1 of tolal potein. Observation of 1hese 
filters showed ti., JR �IIC: of relatively large 
fiagmmls of crab meat and gills. Subsequent · 
sampling was done closed-faced 1D 111ioimi:m 
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coilection of such particles. These results were 
used as a positive control indicating that 1he 
micro-Kjeldahl method detects crab pmin 
effeclively. 

Area Sampling Results 

During the J8DU81)' survey, 28 area samples 
were collecled fix-. tolal aerosoli:md pmin 
(fable A-2). Tolal pimin ranged from not 
detected for most samples, 20 of28 (71%), 1D 
6400 pglm3 at 1he cooking tank. Protein was 
detected on one sample collected from 1he 
butchaing area (32 pgfm'), two samples 
collected from di" packing line (9.6 and 20 
pghn'), 1hree samples at 1he cooking 1BDk (I 0, 
11, and 6400 pgfm'), one sample from 1he 
shippiogdepmbnem(39pg/m3),andonesample 
from outside on 1he loading dock (11 pglm'). 
The 1hree samples collected OUISide oo 1he 
loading dock were intended 1D be negative 
controls and were not expected 1D yield any 
.rosoli:md protein. 

Respirabk puteid was not dek:clal oo any of 
the 12areasamplescollecb:d (fableA-3). See 
Table S for" sumnuny of die aerosoli:md polein 
sampling results. 

Microbiological Analysis 

Bulk samples of 1he poc ing tank water were 
analY7,Cd for bacteria, fungi, and algae. Ploc iug 
1BDk water is from a municipal source that is 
disinfected wi1h c:hlorination trealmeot. No 
sanitizing chemicals, biocides or o1her reagents me 
added to 1he processing water except for 1he brine 
1BDks where salt is added 

Bacteria 

Bacterial levels ranged from 1101D>37 miDioo 
CFUhnl. Gram-negative bactaia were die 
dominant group identified. Mesopbilichacbia 
(at 25°C) were dek:clal in 1he ambicot water 
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tank, dlillertanks I & 2, glaze tanks I & 2, and 
in the pan wash 1aDk. The chiller 1ml}. sample, 
(>37 million CFU/ml) were bodi overloaded Ill 
74,000X di1utim. 

FIUlgi 

Fungal levelsnmgedmm<I IOCFUhnl(below 
detection} in Brine Tank I to 7260 CFU/ml in 
the Glaze Tank. Y casts and Rhodotorula (a pink 
yeast} were the ooJy fungi c.lctcc:ted in four 
samples. Fmigi were Dill detcc:ted in seawala', 
the kanimisowalertray, the ambient waler tank, 
in dill1er tank 2, in brine tank 2, OI' in the pan 
wash1allk. 

Alpe 

Samples -miaJyzed for dinoflagelJates 1hat 
can infi:c:t the SIIIIW crab. Many live 
Hema1odinium spp. dinoflagellates were 
idtutified in the kanimiso waler tray, the 
ambient waler tank, and the two chiller tanks. A 
few live dinoflagellates v.,:n: identified in 
seawater obtained dockside. Dead 
Hematodinium spp. dinoflagellale:s v.,:n: also 
found in chiller tank I. 

Volatile Organic Compounds AnalyBis 

Tmsamplesv.,:n:a,llecle:dforVOCs:Foursamples 
- a,llecle:d during crab productioo: ane: sample 
was a,Dected in the ao.)8CCllt sae:ening plant where: 
crab shells arc ground, four samples wen, a,l1ecle:d 
in the crab plant when the poce:ss was down, and 
ane: sampie: was a,Dected outside:. Only1race levels 
of conla111mants v.,:n: detcc:ted an any of the 
samples, but dimdhyl sulfide: was detcc:ted in the 
sae:ening plant. Based m 1he:se: resulls, crab 
p<YCSSing cmploy=i exposure to -volali)., Olganics 
wminioud 
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Elemenul Metals AnalyBis 

Analysis of bulk wa1er samples mm the plant 
processing tanks did Dill indicate: "DY appn:ciable: 
Cui..:.eubatiuas of toxic cle:memal indaJs. 

Carbon Monoxide 

Re:al-time carbon monoxide: sampling was 
conducted in the anployee hrnkbonse abcM: 1be 
crab puce:ssing plant where the onl.1 pute:utia1 co 
exposure was mm employ= smdcing. co levels 
were de:tennined mm Mardi 6 to B. 1998. Levels 
nmged mm O tolS ppm which indicalrid 11111t CO 
c:onc:e:ntratiowerebe:lowaD o=ipa6ooal c:xpc l'AIIC 
crib:ria. Carbon mooaxide: was not detcc:ted within 
the Jl"()I Hsing plant or OiJISide: 

AmlllOllia 

Real-time:·ammooia sampling w .....,,Jdrd flt the 
dlillertaok cooling unit wbich uses ammonia as the 
re:liigaant. On March 6 to 11. 1998, IIIDIDOiUll 
c:onc:e:ntratio nmged mm O tolO ppm with a 6.5 
ppm lWA, indicating 1hat •111111"'1ia levels were 
below oc:cupatiana1 apu6uRI t::rilaia. 

Environmental Samples for ADergen 
Content 

:Each filti:r was miaJyzed for Lowry pm:iu, dllOW 
crab cooking waler aDergm, bnimiso dagm, and 
endolOxin Samples - col1e:cted in the 
butcbering. de:gi1ling. pecking, cooking tank, and 
case-up areas. Samples were also col1e:cted in 11u11-
crab exposed and a,mparisoo are:as, IIUCh.., cw:rtsidr, 
the anployee bn:ak rorm, and m ocbez- lJ"Udurtioo 
areas wi1hin the &ci1i1y including the surimi plant. 
The mviromnemal sampling n:sults fir aDerg,m. 
.,. .,,.,11 arc SUIIIIIUlrized in Table 6. 
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Penonal Sampling 

During bolh surveys. 43 personal samples wer-e 
collected for immwiological analysis. All samples 
for the tolal aerosol fi:action wer-e collected closed­
face (sec Table A-4). In addition, 12 personal 
samples wer-e collected for 1he respirable aerosol 
during the ea.ly soo sum:y (see Table A-S). 

1-l)'Proteill 

Aerosolized p,oteii1 MIS detected on 2 of 43 
(5%) of the samples collecled (fable A-4). 
Tolal aerosolized protein was only detected 
mm a cooling tank employee (69 pg/Ill') and 
mm a shipping employee (63 pgfm'). 
Respirable protein was only detected on I of 12 
( 1%) of the samples collected. This was 
collected mm II cooking tank opaalui (56 
pglm'). 

Cnb Cookiag Water Allergen 

Cnh cooking water allergen was only ddec led 
on 8 of 43 (19%) of the samples colleCled. The 
single highest measured exposun, to cnb 
allergen was for one packing "ffl)lloyee (ISO 
RAU/Di'). Diffawces in level of exposun, 
between the job catego.ies M:l'C DOt clearly 
clemonslnlled. 

Respirable cnb water allergen levels ranged 
mmnolddecledtoSSRAU/m'mmacooking 
tank employ= Ctab allergen was detected on 
3ofdie12samplescollecled(2S%). Resullsdid 
not clearlydifferenliate between lllsk categtwies. 

l{anlmiso 4Dergen 

Kanimiso allergen was dde. led on 26 of 43 
(60%)samplescollecled. Tbehigbe.<tbnimisn 
level was 830 RAUlm' for 1he m:eza-forlclift 
driver. Allbough slalistically significant 
diffi::awces m exposure levels wer-e oot 
demonstrated between the various lask 
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categories, 1he highest individual measurements 
wer-e- collected mm degilling and case­
up'shipping employ=!. 

Respirable bnimisn allergen was only detected 
on three of the 12 samples collected. AD three 
samples - collected mm butcliering 
employ=s with levels of 844, 1420 and 2270 
RAUlm'. Theseresultsaresuspcct,asevayone 
of 1hese •respirabie• measuremems markedly 
exceeds 1hose IIIC8SURlCI for the 43 tolal 
kanimisn allergen levels DOied above. We 
speculate lhat butcliering process dill)' be 
associated with C:UilamDRltion of the filtas in 
the cyclones used for sampling through droplet 
or particulate splatter, and lhat these high levels 
are oot truly reflective of aerosolized kanimisn 
allergen in the m;pirable sizie range. 

Personal sampling resulls for bnimisn and 
snow cnb allergen for each task are displayal in 
Figme 4. Only samples for which deteclable 
levels wer-e oblained are p 11ed in the figme. 
The resulls indicaie lhattben: is greatvariabilil;y 
in allergen exposure among employee tasks. 
Unlike previous lqx>i IS in the literatun; DO 
single job ti& appemed to be associated with 
lhehigbestallergen c:xpclSlllal. 

l:Ddotmin 

Al1hough large quantities of Gram-negative 
bacteria wer-e fouod in bulk samples of the plant 
processing tanks, personal levels of eodocwwi 
- genenilJy WI)' low. 

Tomi endotoxin cooc:enbatiua for the 43 
samples collected ranged mm I.I EUlm' form 
employee at the e:xit of the cooking 1'lllk to 949 
EUJm'forashippingemployee(secTableA-4). 
This single level was more 1han 10-fuld gremr 
1han any other measurema.t. Only 4 samples 
exceeded 25 EU/m3 of which ) exceeded S0 
EU/m3

• The mean exposure was 32.6 EU/m3 

with a 5landard deviation of 143.9 EUJm'. 
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In the 12 respirable samples collected, 
r.ndmJxjn ranged fium DOt detected fur two 
butcbaing anployees to 39.0 EUlm' fur a 
shipping anployee. The mean exposure was 
1S.6 EUJm' with a Slandard deviation of 11.8 
EUJm'. 

Area Samplillg 

Sampling data wae also coDected in c:ootrol 
locations OUlside the crab plant, in low exposure 
areas within the aab plant (i.e. washroom, break 
rom:n and productim office) and other poduction 
areas oot associated with crab productim (see Table 
A-6). The immWK>logical data collc:ded in the 
smimi plant indica1NI � 

average Lowry prolein cma:11l11d:iuo was 34 Jlrfrr 
with a Slandard �iaticn of3.I Pr/Di'. Surimi was 
a cliffawt allageoic exposure (fish) and crab and 
bnimiso .dlagws wae not ddt:cled. 

Medical Ewluation Results 

Study Pu1idpatioll 

Duringtb.,euf;. SC E soosuney,9S%(1S2ofl60)of 
the polwlial study participants completed the 
questionnaire. During the late SMSOO SUIW)', 

questionnaire RSUlts wae obcaincd fium 113 
participmts. N'metrm of . the emly srnson 
participauls bad left the fiicility; nine of these 
subsequmdycompletedfollow-upqueslionnairesby 
telephooe. Thus, an ova--all participation nde of 
76% (122 of 160) WIii' atlainof fer completion of 
bolh the early and late SMSOD questionnaires. 

Study Emusions 

Of the 122 participants completing both 
questionnaires. IS 'MR e:xcluded fium � 
subsequmt group llllllysis, although individual 
bea1di outcomes 'MR DOied and are documeoted as 
appropriate l8ler in the rqxxt. FJevm of these 
individuals 'M:Rexcluded because itwas fouod11iat 
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they bad spent most of their time in activmes other 
than -L • ,.;..._,., • • • ..,..., ptoct:ssmis. r--, SUl'IIIII pm< mg 
One individual could oot bf, dBSSifioJ as a aab 
ptccesslng worker due 10 lack of infunnation about 
his . occupatiooal activities. Three addit:imal 
participanls 'MR excluded lwc ause they left the 
facility prior 1D spending four •. 'llVmS in aab 
pto..es-lnis, tUld thus wae not defined as aab 
prve--i11g worlcas. Ofthesetbree.cme leftduetoa 
death in the family, cme left to bav... S111guy relatul 
1D a musculoslcelelal problan, and c,qe leftafta-one 
week due to pre-c:xisting esdvua t'1atwas markedly 
exacabated by his job r c:se up. 11ms. the group 
analysis focuses m a tolal of lfYT pmticipauls MIO 
completed both early- • and late-season 
questionnaire- and met the definition fir •aat,.. 
pt<ffi8ii15 worbr.• 

Demographic: laf'ormatioa 

Table 7 shows demographic cho..a:taistics of lfYT 
'Mllkers · completing bolh 5U1vcys. • IS 1M11mS 
completing bolh surwys but excluded 6om the 
group analysis because 1hey • did not· meet the 
definition fur "crab poc - iog 11V\Jlba," and .30 
'Mllkers completingoolycme5UIW)'� The mean age 
fur these 'Mllkers nmged b::tu.eeo 3S and 40 yars. 
1be majority of padicipaols .vae males, cu:ept b 
the group of IS 'Mllkers &iling1D meet the definition 
of ·crab ptocessing worbr.• The peaceutag,s of 
white participants nmged 6om ·37 to SJ%. The 
longest place of residence b most 1MllmS was 
Olllsidetbe United Slates. Nearly half ofdie1Mllm'S 
bad worked more than four 'llVmS in the aab 
indusby. About half of the 1Mllm'S bad -­
smoked ..igmelles. 

The pe,ceumge with a fiunily bisklry al allagies 
amoogall worlter-rangedbetween21 to33%. TOlal 
1eve1 ofigE higher than 100 kU/ml nmgec1 mm n 

1042o/e.1bepe,centwithelevatedtolallgEwasway 
similar to 111' pea cent with atopyin the group af lfYT 
crabprocessi11g�1hatcxmpletedbod.S111.eys 
(fable7). 
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Doctor-Diagnosed Asthma 

At the early-season baseline survey, five individuals 
DOied a previous doctor-diagnosis of asthma. Thn:e 
indicated 1hat their astlnna was inactive, and 1hey 
were nouaking medications for the conditioo. Two 
indicated 1hat their aslhma was aclive and 1hey were 
using medicatioos for the condition. One of 1hese 
had onset of asthma in dilldbood. The olber had 
onset of asthma at the age of 58, several years afta­
entaing anployment in tb,, seafuod indusiry. Of 
the five individuals with a doctor-diagnosis of 
astlnna in the early-season surwy, fuur pmticipaled 
in the Jab SMSOIJ "IUWY• 

Ova-thecourscoftheseasm,ooeoftheparticipanls 
with a previous doctor-diagnosis of asthma 
cxperienccd significant work-related 'WOl'Selling of 
asthma. This was the individual with ac1ive asthma 
at the baseline evaluation and adult-onset as already 
descn'bed. The individual worked in case-up for 
only one week prior to leaving the facilily due to 
work-related cxacabatioo of asduna This 
participant had a positive fiuniJy hislixyof aDagics, 
met the criteria for atopy, had 1eYc1s of serum 1Dlal 
IgEbigbenhan IOOkU/m],andwasdewoosbatedtu 
bave serum specificlgEanblxxlies to crab water and 
kanimisn by RAST. 1gE anblxxlies to crab Pagurus 
by CAi- melhod wae negative at the early-seBSClll 

survey. Spi:romelry was abnonnal relative to the 
predic:1al values: FEV1 47%, FVC 69"/4 and 
FEV ./FVC ratio 56%. Broirbodilatorresponse was 
not wscssc� 

In addition to those with a doctor-diagnosis of 
adhma dming the baseline evaluation, two 
individliaJs wae noted to bave acquired new doctor 
diagnoses of asthma over the course of the crab 
processing seBSOIL 

One of 1hese individuals worked in the "meal plant. 
This individual had worked in crab proc:cssing for a 
period of me month at the end of the previous crab 
pocessiug se&SOIL Despi1ll acquiring a new doc:lcr­
diagnosis of wdvoa, the individual remained 

anployed by the facili1y and the asthma dicl not 
worsen over the course oflhe seaS01L There was a 
p:isitive fiuniJy hislixy of allergies. The individual 
was demonslratecl to be atopic by detection of serum 
specific IgE anblxxlies to conunao inbalants by 
CAP" method. However, the level of serum 1olal 
IgE was less 1ban 100 kU/ml. · &:nun specific IgE 
anblxxliestocrabkanimisoandcrabwatermeasured 
by RAST became positive at the end oftbe seaS011. 
Specific IgE anblxxlies to crab Pagurus detected by 
CAP"wm. p.esent at both the early and late se&SOII 
Spirometry was nonnal. 

The second individual with - doctor-diagnosed 
adhma dming the course of the crab pc c ing 
seBSClll worked for 2 weeks in pecking md 4 "Mdcs 
in sanitation. The individual had DO previous 
"'c:xpel,-;,ieoce..,... 'WOl'king in the crab pmressing iPduslry. 
This indiviclual was unable 1D finish the cnb 
pucessiog seBS()f) becanse of the IICY&ity of the 
respiratoiy symptcms, thus was not IIYllilable for 
blood collec:tion or spirometly in the Jab se&SOIJ 
survey. In lb,, em!), seasco the partic:ipant had 
wheezin& shortness ofbreatb and c:hesttighb , be 
did not know whetba-tbere was a fiuniJy bistOly of 
allergies. He was not alopic, had serum levds of 
total lgE that were less 1ban 100 kU/m], and did not 
baveserumspec:ificlgEantJlxxties1Dcnbdeleclable 
by RAST and CAi- methods. SpuomelrJ' in the 
early-seBSClll was compabole with mild obslructioo, 
with FEV1 69o/e,FVC86%ancltheFEV./FVCratio 
69% of predic:1al values. FEV1 improwcl by 11% 
iifta- the adminisb1moo ofbroochcctilalor. 

Respiratory Sympto-

Resulls shown in Table 8 describe findings 111D01Jg 
the 107 mbp,x:essin�v.mcaswboC(IIIIJ)letedboth 
the early and Jab seasco sum,ys. Overall, inaeases 
in the prevalence of 1epcrted uppa respinduty 
symptoms were obsaved during the se&SOII. New 
onset of nasal symptoms associated with stuffy nose 
-.. 1epcrted in 37% ancl nasal obstruction orrmmy 
nose in 45% of the partic:ipants without 1hese 
symptoms in the early SC Sllll. Clrmges WIR also 
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observed in asduna-like symplDms. New ODSet of 
being awakened by 8D attack of cough, wJwzing,.. 
SOB was rep0111:d in 32o/e, and chest tiglr: ess in 
19% of the puticipanls. Inaease in broochitic 
symptoms was aJsc, lepui 11:d OYel" the &eaSOII. The 
incidenc:e of usua1 moming cough was 26% and 
usual morning phlegm was 30%. Jn C(Jilbasttoupper 
respiratoJy, asthma-like, and broochitic symptans, 
1here was ooly a minor change in the functiooa1 
impairment (see Methods for the definitioos) ma­
the COUl9C of the &e8SIIII 

Health Outcomes 

AD 1espilatorybealthwtcomes except for functional 
impainnent wa., p s d in significantly g.eala 
popo,tiooof"'11kas in the late seasoo, asaxnpared 
to the early P'8SOII Incidence (new cases) of the 
upper respiratllly ouk:Qmc in 1hose without it at 
baseline was 561/e, incidence of the asthma-like 
ouk:Qmc was 26%. and incidence of the broochitic 
ouk:clmc was 19% (fable 9). 

Spirometry ucl Bronchodilatc., uspcw 

Spirometiy was available for 91 (85%) of crab 
pocessing "'1lkas completing the early and .. 
seasoo surveys. The mean values for the group of all 
wmcersof FEV.,FVCandtheFEV/FVCratiodid 
not change sub5lantially ova- the crab aeascia. 
Ovenll, a paaem of obsbucti.AJ was observed in 4% 
and n:striction in 3% of crab pocessing womn in 
the ]at? SC sno llllney. Post-hrcocbodilator change 
in FEV1 wae seen in 7% ofwmkas in the carly­
seasoo and inl0% in 1he Jat sea::oo mluatim 
(fable 10). Of 1hosc who had positive 
bronchodilaln, 1espause at tbr late sea::oo, '} wa-e • 
positive at both early and Jae aeasoos, a· 8 
developed "new" bee ni,od,lator response. . The 
profile of these I "'11kas includes family bisloiy of 
alle,gies pi mt iiull of !hem. atopy p. : s mt in 3, . 
specilicJgEantilxxliestocrabPagmusmidkanimm 

• 

P1 : s :nt in 2, all I 'Mllbd in various indoor job 
cafegOlies (DCIIC 'MJlbd in IDl!oading). 4 Wll1I 
cunmt smokas, 2 � newooset of asthma-
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like symptoms(me had lgEanblxxfiestocrab),aod 
4 developed broochitic symplDms. 

JgE AntJ'"bodies 

Saum levels of IgE wa-e cldamined for 96 crab 
processing wudtas; the median level oftola) IgE for 
all workas was 84 ldJII at the cmly s smr • J!arly­
&eaSOII levels slratified by tenure ll8IUs showed • 
DDD-Slatistical significant rnecfiau <liffeato.e of91 
tun mnoog naive v.utcn and M ldJII amoog 
c:xperimced 1VOikas (fable 11). 

The p : ace of _, antige,,-specif JgE was 
detected using the CAi-method fir Pagmus crab 
andbyRASTforallagalsderivedfiomq,iliomow 
crabbnimisoC11"cooldngwater(Tablcll). 1-m, 
percent of naive womn wa-e ausilized to each of 
the allergens derived from q,iJio - crab in the 
e&:1ly &eaSOII. Lowa- paantsges of cxpeaienced 
woocas wa-e sensitized to these a11ergeos in the 
early seasoo (bnimiso 5%; crab water 2%). In 
rmbast, similar popo.1iaos of . naive · and 
c:xperimced wmas'Wab ausilized k>the Pagmus 
crab allergeo in the ea.all,· s soo (12% and 14%. 
1especti..:ly). Th, popmtioo of'MllmS ausilized 
toeachoftheallergeuicpq,matiwsdidJUiuac:asc 
ova-the COUJSC of the crab rcnssiug lC8SCID. 

Most of the cloc:1or-diagnoscd asthma rares "MR 

danonslrated to haw sennn IgE spacific anb'lxxlies 
10 crab. In 1hoscwith specific lgEantJlJodiesto a-ab. 
SO%developed asthma-like symplOOisinewllast._, 
25% of 1hosc without specific .mti1Jodies. Allbmgh, 
these iofiJnnation is limited to the lllDIIII DPDJba-of 
subjects, these data suggest an ■ssir.iatiaai betwem 
allergy:seositizatiooandhealthOUl0011a. Mcnava-, 
two ofdu!:e v.utcn with c1oc:1or-cfiagnased as11nna 
affeded by wmk had elevated 11Ci111D levels of llidi­
crab lgE. Thissuggestsaroleof'IgE s .. irizaliooin 
their disease The ranaining wubr did DDt haYc. 
blood drawn in 1hr 'st aea:::in.., itis ancleariflgB­
ausitizatioo played a role in his disease 

,..,.f7 



RlskFacton Associa� with Upper Respiratory 
Outcomes 

Ammg 1he crab processing workers, 69% (74 of 
107) did Jl(ll have upper RSJ>D'IIWI)' symptoms at 
early-season mid tbeaef01e wae at risk iJr 
subsequent developmeut of 1he upper RSpiraWly 
outcome during 1he cnb season. In 1he univariate 
analysis, -wodters with • positive family histoiy of 
allergies lll .. MJOOPg in bulchering bad. staristic:Plly 
significant increased risk fir development of the 
upperrapindOlyoutame(fable 12). In additim, a 
trend was DOied for increased risk in waters less 

. than 35 years of age. It was DOied dJat butchering 
mid degillmg openlions - carried out by males. 
Further slndificd anaJysis by gender was not 
diffaart mxn the univariate IUlalysis. Additiooally, 
multivariate analysis was pafonncd eo111rollmg tiJr 
age. smoking, and tinnily bislmy of allagics. 
Results fflllll 1his anaJysis - similar 1D the 
univariate llllalysis. 

Risk Facton Associated with Asduna-lib 
Outwmes 

Ammg the crab proccsd•ig workers, 86% (92 of 
107) did not satisfy 1he critrria iJr asdnna-likc 
ciutaime ill the early SC8SDll mid 1hen:fu.e bad ihc 
potamal to develop 1his outcome durmg the 
subsequent SC8SDll Univariate mmlysis for risk 
filcfoo, 1SS1-:ial!'AI with iocidencc of1his outcome 
sbowed male gendrr, tinnily bislmy of allagics, 
elevalcd F.CP, bid• lowg, mxl cleg,lling to be 
significandy associatal (fable 13). An inc.eased 
risk for the asduna-likc Oldeoole 'Wm also DOlm in 
ascociatioo with age < 35 years, smoking, naive 
tmurc SlalUS, caso-uj, and picking, •1tbougb these 
ascociatioos did not attain statistical sigpificancc. 
Multivariate anaJysis of risk factors iJr 1l>e asdnna­
likc ouklOmC did not. show Ill)' additional 
associatioos Cll' changes olbec 1han 1bose 
deniwstiatal by the univariate IUlalysis. 

PegefB 

Risk Facton Associated with Bronchitic 
Outcomes 

At 1he Slart of1he cnb prexes ing season, 989/4 (105 
of 107) of 1be panicipants did not have bronchitic 
outaxnc. Ullivariatll analysis of risk factors 
potentially associated with 1he bronchitic outcome 
showed significantassociationswithage<35 years, 
male gender, elevated sermn anti-bnimiso IgE 811d 
anti-Pagurus cnb IgE, elevated sermn F.CP 811d 
cleg,lling Increased risks 1hat wae not Blafisticaily 
significantwaeobservedforsmokiog,ldopy,tinnily 
histoiy of allergies, ll8iw tenure SlalUS, 811d "high 
CXJKISIR'C jobs" (fable 14). Mu1tivariate analysis 
eolllrollmg for age, smoking. 811d tinnily bislmy of 
allergies yielded adjusted re1atiw: risk ratios similar 
1D 1bose DOied jp 1he UPivariate llllalysis. 

The CIJVironmemal smwy at UniSea was 1he most 
extensive cba..a:taizatioo of exposures in 1he crab 
processing indusby. It n:vealed 1hat processlll8 
-wodters are exposed to • prednmnumdy liquid 
aerosol. The viscosity of1he liquid can WI)', as can 
individual a,wpouents (sea IJlinerals, shell, mm, 
gill, etc.) during diffeaeut j.lb tasks.· Fm1her, 1he 
aerosols have been shown to be polydispene. 
Microscopy revealed particles as IIDllll as a fi:w 
DUa"lllllda's while scme panicles observed on 1he 
surface of worker's safety glasses were in .1he 
mi11irnder size nmge. 

Slow motion close-up video of employees 
paforming their tasks indicmd 1hat aerosols are 
fmnl'AI through mecbanical actim in 1he butchering 
mid degillmg areas. The dira:t reading aaaiol 
Miniram da1a indicate 1hat altbougb ·lleam peaks 
were observed throughout 1b., po cssi,,g plant. 1he 
fiequency and in1msity of these peaks-. hlghest 
m 1he cooking area. Aldiougb 11eam peaks. are 
dramsticm bodl visual impactandmeal'Cllf-'.Use. it 
is unclesr wbe1her 1his woold ht, c:1q,ed1J to 
con1n1:,ute 1D adva-sc: beallb onh:mles Steam is 
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being ger.e.ated within m environment where we 
clearly have the pote,� for aerosolm:d protein 
through olher forms of generation, md 1he 
pn:dominant effect of steam may be to influence 1he 
me, lifetime or olher dynamics of 1hese existing 
particles. 

The reason 1he aerosolized protein md allergm dala 
were wriable and largely below limits of dettdioo 
tbrougbout1heplantispemapsrelatedtoparticlesize. 
md sampling inlet geomdly. On 1he first sampling 
day, personal samples were coDected with an opeo­
faced inlet. At.1he end of sampling, visil>le pieces of 
aab were observed m 1he filta-. F(II' Ibis reason 
subsequent personal samples were colledal with a 
closed-faced inlet. For opeo-faced samples, all 
colledal quantifiable pocein. On 1he olher band, 
Clllly • ti:w of 1he personal closed-faced samples • 
were above the limit of dc:lec6on. Al1hough 
1uiaoscq,ic malysis rmfirmed the I* ice of 
small particles, it may be that the migority of 
aerosolized pocein is in 1he form of Jarg,, Joca1m:d 
particles accelaated away fi:om various pt-essi11g 
points. If tnie. the sampling cfficicocy of such 
particles -would be largely influenced by the .-ea of 
1he inlet opming 'fxaminanon of the surface of 
employees' safelygl• : s �that in cer1ain tasb,· 
large particles are accelaated in the din:dion of the 
-wmcas.. fildha', we know tbat 1hese particles can 
coo1ain fiagmmls of aab. Although there is some 
� tbat the tu,jecluies oflhese particles 
could result in their m1ering. • small inlet, the 
�is much lowa-relatiwtotheopeo-faced 
CODfigurati<lo. This could also explain theoccasicaal 
high Ylllue fur c:atain assays mixed in IIIIKlllg the 
many IIOIHlelr:ctable lm:ls within the same job (II' 
-- ··'" 

Wati:r is a major feature of this Mn cnviromneut. 
Since wab:r povides. genenil aerosol suppressim, 
Ibis may also have scme influence m the ClOlllrol of 
small particles. Microsc:opy analysis did, however, 
confinn th,; I* s ia, of small particles. This 
suggests the JIOSSl1>ility tbat our limits of dctt:ctioo 
fur protein md allagm • may bavc been Clllly 
sufficimtly smsitiYe to occasionelly quantify lerge, 

HNllh Hazad Ewl/Ualioll Repott lib. .,_ 

localized aerosol, but inadequate fur quantifying the 
small particle component. The fact tbat our bigbest 
volmne sampler results were all below our limits of 
dctt:ctioo for bod! proteinandallergm-would support 
this. • Note that these samplen, . being physically 
large, required tbat they be placed away fi:om the 
immediate Mn area and thus away fi:om direct 
splash. Higher flow ndts are advised fur my future 
study to improve assay saisitivity to aab allergaL 

This investigation docmnaml 8CVaal cases of 
Mn-related asthma and wufumedhigb prevalence 
md incidence ndts of Jtspnaloi)' symplOmS lililODg 
aab processing wmta'S. These • findings are 
ccel"islnil with those DDk:d in the titr:ndure. :aa 
Studiesintheaabpio,:essingff11hisbycmxluclmby 
olher groups also documalt similarfinclinp _,those 
DDk:d in Ibis study.,.. . Fell' example. Cartier and co­
-wodcer., repoiled 19%(S7of303)ofaabpoc ing 
Mna-SsufferedwithpoductivcCOIJghandclyspoea 
and 21% (64 of 30J) Im S)iiipilllilS Aiggestiw of 
occupetional. asthma. 00c11patil I'll) aslbma was 
wufum.ad in SO% of these cases.' Snow mb 
allergen l;"bnated during the crushing of shells, 
boiling of whole cnb, and cutting and sepulllu'8 of 
legs was the puposed asthma-inducing eqKJSWe as 
there was an associatim betv.om .ddniestreaclivity 
and sympklms. In our study, the 21% pevalenceof 
poductivc COIJgh (bronchmc ... b oo.e) was wry 
similar to tbat repoiled by Cartier. Boweva-, the 
prevalence of asthma-like symptoms in our study 
was 32%. higher than tbat repteted by Cartier. 
Diffi;.,.,.,,,..,.· ... _ .a...c..:.:- exp,IJSUl'es-: ..... aa..ces m ua:;caseU131UJ ....... oreapcwwwts� 
be a fiNctol(s) influencing such diffiamce. 

A study11JD0118king cnbp«:tss111& wmbni fi:oma 
factmy in the state of Weshingrm also yielcled 
results similar to those of this study. An inneased 
prevalence of,espilato.y ijmpl!Nn� in IS JBD>-'"lO!ly 
selected workers, M C1■1qe1ed ID fish poc S 5 XS D0t 
exposed 11D cnb, was noted. ht addition, skin prirk 
11:Sl using aab meet, dust mm die mad!ints, and 
aab shell resulted in immediate skin IC'l"mllS in 
some oflhese -workers and in DDDe of the controls. 
Howewr, skin 11:Sl positivity did DIil cxinelate with 
symptoois. Plecipitin (IgG)mhl>od,yreactions to all 
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three components (meat, shell, and dust) wa-e found 
in sennn mm 60"/o ofthecrabworkas compared to 
none of the control worlcers (non-crab proc ssors). 
IgG anblxxlies did not correlate wi1h 1he respiratory 
symptoms. 2I The pedominant symptoms included 
productive cough and dyspnea. As was 1he case in 
the CU1JaJt investigation, DO major changes in 
spiromdry were observed among participanls. 

Doctor-Diagnosed Asthma 

In our study, two incident cases of adult-onset of 
asthma were docmnented among 107 pwticipatiug 
'WOlkers wi1hout a previous history of asthma aver 
11.. appiuxim..iely 41-day period of obsemdioo. A 
popu1atim-1,ase ·study in the U.S. 21 sugges1s an 
asthma incide:occ: of 2.1 cases/1000 pasoo-years, in 
the geoaa1 popu1atioo. More teeeulfy,21 a random 
sample of nearly 16,000Ewujk811 oubjeds repo,led 
an incidence of adult-onset of asdnna (defined as a 
positiw response to a question aboutdx. pr: s .ce of 
physician-diagn asthma) of 13 casesflOOO 
persoo-yars fur'WOIDCU and 1.0/IOOO pasoo-yars 
furmcn. 

Spirometry and BronchodDator Response 

B.oodindilator •cspoose was used 1D assess the 
effectof craLpocessing .wxlcmairwaysreactivity. 
During the em ly sea:::in, 7% of study pwticipauts 
bad a broochodilator response and I 0% (10 of 91) 
did at the md of the season. Eight wa-e new cases. 
Ourresultsdiffi::rmm a previous study among crab 
processing 'WOlkers in which only 1.4% (4 of 290) 
wor1cer$ bad a change inFEV, (between IS to 20%) 
afta-b.OiJIMffllafor.iminislratioo. 3 Thisdiffaeuce 
might beduetothethreshold FEV, 1espooseused to 
define a broncbodilatlrresponse in our study. 00-
Sludies haw used bichnJJinc challenge or specific 
allagmdJallengetoassessairwayhypcm:activityin 
WOiken with diagnosis of occupatialal asthma 
amoogmbpocessing\\'Oibrs.'-" Thesemethods 
offir a more precise means to demonstrate specific 
airway rapoosivmess, but Mn not feas.l,le in this 
investigatim. 

lgE AntJ"boclies 

In our study, participants' median level fur1Dlal IgE 
at the early-season was 14 kU/1 with the2S8' and 7¥' 
percentiles at 2S kU/1 and 273 kU/1, rapectively. 
IgE is a marlta' of allelgic diseases; high serum 
levels are pt cs c ltio individuals with asduna, a1le.gic 
minitis, or atopic dennalitis. Gencla-, age. and 
tobacco smoke may affect the levels of IgE. 
Increased levels could be p : ilt in parasitic 
infestation andbronchopulmonmymycosis. .. In this 
investigati011, high levels of IgE due to parasitic 
infestation Mn not ruled out. 

The levels of tolal and specific IgE BIJhlxxlies Mn 

higba' among 1111M wo.kcrs in mation to the 
cxpaimccdwodtcrs.. Thismaysnggattbat'W'Olbn 
mm previous seasons who became sensitized 
(produced specific lgE), and possibly symp«omali!; 
Mn less likely to return fur WOik in the current 
season. This is consistalt with a 'healthy wodca­
effect'. with 1he experienc:ed 'WOlkers who do .etum 
being healthier dJan those who do not return. This 
selection out of wort oflesshealthywodcers bad not 
occum,d � with the 1111M p.,ticip,mts. A heahhy 
wo.kerelfectiucxpaimccd wmcersissuppc:111edby 
the obsezvation 1hat IIIIM'WOlkers Mn more likely 
todevelopsympromsandadvasehealthootcomesin 
the three categ01ies aUBlyzcd. 

In this investigation and in previous repo,1s among 
WOiken in the crab industry,' personal atopy, or the 
tendency to mount lgE 1eSJ)Ol1SCS after antigenic 
exposme. was not noCed to be significantly 
associaled with symptwl ..talus. However, filtnily 
hislory of allergy did show significant ■ssociatims 
with dx. JX cs cr.ce of symptoms. This is pc:maps ,due 
to a family hislory of alle.gies being a ill8iker fur 

• prec1· .
lions
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symptwi s1atus in crab wodttn than m the 
development of lgE ltlSJVJSCS 
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Limitations on aponres ud llealth ell'eds 

A limitatian of 1bis study is the use of IDl 
standardized sen b the developmmt of the 
immwx,Iogical assays. This might explain some of 
the disaepancies betwew Ibis "WOllt and other 
published wuk. Thus, potential technical poblems 
related with assay se:ositivity or inappropriale solid­
phase allergen exist In additim, symptoms being 
triggered by materials of aab . origin lhrougb • 
.,..o:hanism ndx:r1han IgE sensitization, or triggered 
by exposures other 1han 1hose of aab origin (e.g., 
hypertooic saline aerosols, cold air, or c:xen:ise) 
should be c:oosidaed. 

1n DID' study, wmas involved in unloading 
activities outside the facility appeared ID have fewa­
symptoms relatiw 1D wmas inside the &cility. 
This suggesls dl8l air quality inside the &cility is 
associatal with the develqJmcut of respuaby. 
symptoms. Sewn) faclDrs might DOD-SpllCifical 
trigger such symploms in susceplible individuals, 
including salt-containing aerosols and low 
temperatures. In additim, IISSOCiations of symptoms 
with particular gperalioos such as b111 l!M j,,g and 
degmingsuggeslslbatthearmsobgweu11edu1tbese 
opaalions are able 10 lriggei aespi.udmy symploms 
even in the absence ofallagic sensi1mtion. 

Wmkcrs at the plant c:uarendy are completely 
covaal except for ca1ain areas of the face (safety 
glasses are Mll'll). Past "WOllt bas demooslnded the 
role of mucosa) surfaces in ioilialioo of an immune 
response. 27 Since safety glasses leave the DOSe and 
mou1L exposed, face shields cou1d be coosideml as 
an altanalm:ID glasses in these areas. �for 
asdnna, we do DOt know the fidl significance of 
particle size and the possibility 1bat the smaD 
particles observed in Ibis amromnwt, even if they 
1qz scot ooly a small poition of the Iola) aiabome 
mass, may be most impoilaut in the sensilizalion or 
clevelopmeut of an allagic reaction. Face shields 
would do little to pe.a4 aespindmy systan 
exposure 10 these particles. 

-Haze,d&lbllb,Rlpottftb.-

An important cletmninaut of ocoipalio.1111 astJvna i-. 
exposure.. Sewnl studies have llhown that 1he 
degree of exposure delmnines the ·JikeJihood of 
immunological sensilizalionand astJvna I.. cliffiaa4 
sludies, peisoml samples have bew useful 1D 
quantify individual exposure 1D biologic suhsteMM :a 
in the workplace using immunodiemical melbods • 
In 1bis investigation we were Uilable fl> 4 c ummt • 
quaotilalM: exposuna-aespoose n:Iatimsbip leading 
ID respindoiy illness in aab proc m cu. llowewr, 
we documented quaJitaliYe cxposun,-aesp,ose 
relationships in the pocess-re]ated risb of 
respualoiy outcomes in relation fl> deg,1ting "1111 
hitchering. Thus, fin1her Bbadies 'ft PC'C'ded in a 
indusliywide to beaa-w.daslaud lhe magnitude of 
thepoblem andtoimpn,vecuneutmdbodologyfir 
the ass s neut of enviromneutal lolleagms M1 1he 
workplace. 

■ Crabprocessi.ig wmasinb,11, Jw ing,degilliog 
and other indoor wo.t bad acess ioeide,ree of 
iespnaloiysymptomsova-thesixweebofaab 
poc:essing in CO..U1M1WI tncwilJloorlDlbdrn 
This excess of pusisleut and new msct 
respiratoay symptoms -appears to be 
oca,paliolJally related. 

. . 
■ • Cases of new and exacerbatedclodor-ctiagmoed 

asthma occuned during 1he rasm, most of 
whom had cvidenc:e ofimmuoologic .-:tivily 
1D c:aab-derMd antigens. 

■ Allbough we were llllSUI C f\tl in quantifying 
proli:io and allagt;.. CXpOISIIICS, 1he qualilalive 

• __;,;,.aa1, • jobi5 CX)XliSUl'eS m � po mg were 
related ID symplom risks. 

The following are specific RP 11 mien-:fatinns frt-lhis 
-woiltplace: 
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1. Medical Scm:ning: A medical monitoring 
progi8ill should be in place fur 1he early 
detection and pn:vention of acute and chronic 
wodt-related adverse health effeas: 

To identify 1hose at particular risk, new 
employl:es should have 1heir medical history 
1aken including questions regarding pre-existing 
�indory symptoms and disease. adhma, and 
history of cnb allergy. Physical examination 
with particular attenlioo to 1he rapiratOly 
system should also be done. Tbcsc exams 
povide a baseline ir canparison and m 

• opportunity ir education. h should be noted 
that uoclcr 1he. Americans with Disabilities Act 
(Public law 1-1-336 (S. 993); July 26,1990), 
unless these examinations reveal a disabling 
conditioo which would JRVeDf 1he applicmt 
tiom pafooning 1he essential functions of 1he 
job, if "reasonab"" rrornrondatioos• "Mn 

made. 1he applicant may not be refused 
employment. Thus, a bistory of pre-cxisling 
asthma would not b., g.owids ir musing m 
individual anployment. 

During 1he seasoo, 'WOlka-s with clinical 
evidcnceof asthma-likesymptoms(e.g. wheeze, 
cough, climt lightness, awakened by attacks of 
cough, or shortness of breath} should be 
n:fa1ed furamcxelhorougbmedical evaluatioo.. 
This might include lung function testing to 
document BSdm,a pc es .celDJd severity, such as 
spiromet.y, broncbodilator testing, md 
medlacboline c:haDenge Testing should 
confo.m to m:ent National Asthma Educatioo 
and Prevention Prog.am Guidelines fur 
diagnosis and management of asthma.' Also, 
testing fur IgE-seosilization to aab using 
available allergy skin ks1s or blood ks1s should 
be coosiclered. Detection of specific IgE 
anb'bodies is a suggestive. but not CXllllpldcly 
SyCi me maim ir allergy; dms, clinical 
judgment must be considered for its 
iutupdalinn 
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Individuals who develop 'Mllk-related asdvua 
should be offered wodt assigmueuts that will 
minimm: 1heir inhaled exposure to c:nib 
protein& Workers would have less ii.ceuli • ., ID 
conceal wodt-related health problems or to 
continue working in meas of poleDtiid exposure 
� after job transfer, they retained all wages and 
bcnefilS associated with their previous job. 

Fmployl:es should recme written reports of all 
medical surveillance fesls performed by the 
canpany or by a pbysician to whom the 
COOlpany makes referral, regardless of the 
raults of such 1':sls. 

2. Wodcer Education: F.quipmentmainlmaoreand 
wodter education are vital aspects of a good 
occ:upational hea11h md safety progillDL 
Workcrsmustbciufumedof(l)anypoo,rtiatJy 
ha7.llldous materials and (2) the Jlllbn of the 
potential hB7.anl. Wodters should be instrucleJ 
to follow safe WOO[ practices to help pOlea 
1heir health and safety and that of their fellow 
workers. This information should be transmitted 
by means of a haDrd COIDlllunicatioo prog.am, 
which is to include container labeling, MSDSs, 
and wodter training. W'dh regard to wodting in 
crab pmcessiiig, wm:crs should be instrucleJ in 
1he risk of occupaliooal asdvua, IIDd ocher 
respnaluiy symptmns, the type md timing of 
symptoois, theimpoctance.if earlydetectiooand 
intervention, and actions (e.g. personal 
proleetion} the wodter em 1ake IL pe.ent 
developing m immunologic respoose to cnb 
protein& 

3. F.ngineering Controls: In ocher industries, 
reduction in allergen exposure deaeases risk of 
IgE-sensitizatio and 1espi.atury illness in these 
already sensitm:d.. :11 To decrease these 
exposures, spa., geneaatius tasks such as 
butchering, degilling, and cooking, 'lhould be 
enclosed if poss1ble. Ventilation should be. 
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modified as JIOSSl"ble in areas when:: these 1asks 
are cooduc:led to din:ct airflow away fiom 
wmcas. 

4. Adminislrative Cootrok Plescocc :.i 1be aab 
poc:essing fiicility should be ,estlicted to 
workers who are essential to its ope.atioo. 
Smokingshouldbeprohibitr:dmside1befiicility. 
h should. mly be allowed outside er in 
ctesignatM areas with indepcodeut exhaust 
wotilation such 1bat smoke is DDt m-cin:ulllled 
within 1be building. Similar reguJatioo should 
be applied to donnitmes. F.mploya:s who 
c:mtinuetosmoke should be COIDISCJed CJD how 
smoking may cxacabde 1he adverse health 
effeds of occupatiooal 1CSpi111llli) bazanls. 

S. Personal Plw:Jioo: The use ofRSpirators is 
1belea:.1pe&:uedD1elbodofCXJD1rollingwom:r 
cxpasmes. Rapi.alllls,;bouJdDDtbeusedas1be • 
mlyrmtrolfi,. routineupentioos. However,a 
trial of using appoved pmticulale ,espi.alllls 
should be cmsidered fir symptomatic wcmrs 
if 1be rmtrols already DOied are inadequate to 
reduce symptoms. "Ibis trial should be fullowed 
by fillther evaluation of its cifectitu,ess in 
.educing the lllle of ,espnallli) symptoms. . 
Rapi.talllls ,;bouJd be used as part of a 
camprmensiv.. ,espi.tallll) p(m"ti,Jn prugi&IIL 
"Ibis progtam should include .egular 1raining 
and medical cvaluation of perqmel 1111d fit 
testin& pmdic:mviromncntalmooitoring.·and 
maiotcnmxe.i.tispe,;tioo,deaninglllldstorageof 
cquipmalt. The prog.am dhould be evaluated 
regulady. Fm specific infmnationanddecisian 
logic refer to 1be NIOSH guide to induslrial 
,espi.tallll:, protectioo. :a, 8mu1SCofthep:4cclial 
ability of crab allergen to induce sensitmtion by 
skin Cll■lll-'t, wcmrs should continue to be 
pob:ded fiom cootact through the - of 
impervious pcAecti • ., clolhing such as gloYes, 
aprons. raiosuits. and poo,cm,., footwrm. In 
_.,.,. . -� __ ...,. . . . . .. ....man, --�.._-mactivitic:s� 
to particle spay such as buk:bering. clqplling..­
oooking mould I,., pc lk:.o1ed using face shields. 
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Figure 1. Diagram of snow crab processing at UniSea Inc., Alaska 
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...., mmsported firm the ship bolds ID lhe plant dock; at the butchering Slation crab legs ...., &q>&1atecl 
and tnmsfmed ID degilling llation. The degi)Jed crab leg clusters ...., conveyed ID II>-- packing and IDrting line. Leg 
clustas ...., sent ID the cooking 11111k, followed by rinsing and cooling. F"mally, crab legs ...., tiw.en and packed at 
the case-up llation. 
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Figure 2. Scarnling Eectron Microscope Images ofVarious Particles Isolated limn Cnb 

Pmc:essing F.nvironment 

A) Evaporated particle observed on glass 
slide sampler placed in degilling area - note 
arranganent of partida at the periphery 

C) Fragment of crab meal from filtu sample· 
collected in the degilling area 

E) Ptirticles observed on surface uf 11afety 
g1assu uf worker from degilling area 

27 

BJ Sodium chloride crptalll isolaledfrom a 
glaSII 11lide sampler m out In the butclrering 
area 

D) Particle of crab 11hell from filter llll1ffJJle 
collected in the butchering area 

F) Particle t/epolliJ (center left) obsened on 
. jilter llample from degilling area 
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Figure 3. Direct Reading Aerosol Measurements 
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Figure 4. Personal Sampling Results with Detectable Levels 
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Table I. Summary of tbe Environmental Ewluatiom Couducted during Crab PI ocessiag 

Aatllor Aaalyte Numberof 
umples(N) 

Beaudet," Total Particulate N_._-2 
1994 N_._=3 

Edelmaa,7 Total Particulate N""4 
1994 

Sodium Bisulfite N=6 

Organic Matter 

Inorganic Matter 

Malo," Snow Crab Allagcn N-4 
l!J97 

Ore&,,,' Snow Crab Allergeu N_--s 
l!J97 N,..._,, 

30 

Range of Eiposure 

0.11, 0.16 mgfn,1 3-lirTWA 
,:0.03 mgfn,1 3-lirTWA 

0. 14-0.68 mgfnl' 

Not Delec:lable 

protein, cellulose, synlhetic 
fiben, silicate & paint 

Si,Al,Fe 

1.7 pg allergen 2-kTWA 

53-S47 ug1m• 
179-5061 ug1m• 

Potential 
Exposure Sites 

Splils&Sc:oring 
Lines 

Butchering& 
Packing Alas 

Cooking Ana 

Crab c:racldng & 
Cooling sections 



Table 2. Summary of the 1:Jmronmental Methocla 

Analytes Media/Sampler Flowrate Alulytical Methods 
(IJmin) 

Aaosolized Protein 17mm Glass Fiber Filla', Tolal@2.0 • miao-KjeJdahl 
Oosed Face FiJll:r Casseae filr Respinble @ 
pr:rsonal lllllpling 1.7 
()pm Face FiJll:r Casseae Ill-
.... IIIDpting 

Aerosolized Protein 37mm Glass Fiber Filla', ,km '988,,rvey: Protein detenninedbyl.owly Aasay 
Tolal@2.0 

CnbAIJagm Oosed Face FiJll:rQ,ssdle fir Respinble@ Allergen detaminations by RAST 
pr:rsonal IIIDpting 1.7 inhibitian 

KmimisoADagen ()pm Face FiJll:r Casseae Ill-

F.ndolmin .... lllllpling Fnclo«uxin detaminations by 

Marci, '98 
Ouumogaric Limulus Amebocyte 

Swvey: 
LymmTat 

Tolal@4.0& Assa). peam.-1 by111e lUOSH-10.0 DRDS Immunological Lab (all 
malytes wae detennined &am-
filta') 

Miaobiologic:al Bulk process - Cmuncrcial Microbiological 
J.abmallllies 

VolatileOlganic 1bamal DescrpliCJD Tubes SOcc/min Gas Cumudognplly /Mass 
Campounds Spcc:lnJmeCry 

Elemental Melals Bulk process - lnduc:tively Coupled Plasm• Fmissioa 
Analysis SpecboscopybyNIOSHMelhod7JOO. 

Ammonia in air gas IDOllitoriog instrument diflbsion Directrading imlrameat 

Carbon Moooxide gas monitoring inslrumeat diflbsion Directrading Dibwnwt 
in air 
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Table 3. Summary of Serological Studies 

A■alysis CoDected 

Total IgE Antiboclies Janwuyand 
March '98 

EosinopllD Catioulc Protein (ECP) Janwuy and 
March '98 

Speclflc IgE AlltD1odlesf 

Houe dut mite mil< January '91 

Moldmh Janwuy'91 

Wcedmh Janwuy'91 

:Epidermal mil< Janwuy'91 

Cra!J.Spedftc lgE AntlbodJes 

Paprucrah Janwuy and 
Man:h '91 

Sllow cnb-coold■g -ter Janwuymf 
Man:h '91 

Sllow crab- bnlmlso Janwuymd 
March '91 

Snow erab -meat ■■cooked* Janwuy and 
March '91 

Snow erab-meat cooked* Janwuymf 
March '91 

. .  

t Used to define atopy (one or more positiVe 11:sCs) 
*dala■otshowu 

Method Interpretlltio■ 

� 21 oo tun was considered abnormally 
elevated 

� 223 pg.II was c:ousidered suggestive 
of an active inflammatory process 

CAP"' Positive 2 class ll 

CAP"' Positive 2 class ll 

CAP"' Positive 2 class ll 

CAP"' Positive 2 class ll 

CAP"' Positive 2class U 

RAST Positive 290lh pen:entile fiJr naiv.. wo,bn, 
early season IIUft)' 

RAST Positive. 290lh pen:enti1e fiJr naive WOibn, 
early season IIUft)' 

RAST Positive 290th pen:enti1e fiJr naive wmtas, 
early season IIUft)' 

RAST Positive 290lh pen:enti1e fiJr naive wo,kas, 
early season survey 
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Table 4. Potential Employee Esposnres dnrlng Snow Cnb Processing 

Employee 
Task 

Butchering 
• G; , ... 

Degiiling 
.. 

Packing 
• I I II■ 

Cooking 
• I I S -

Case-up 
.. I I .... 

Putmtlal Esponns 

Lm: aab, seawata 
Uncooked aab meat 
ICaoimiso 

Uncooked aab meal 
Cnbgills 
JCanimiso 

Uncooked aab meat 

Uncooked aab meat at-it entnmce 
Cooked c:rab meal at-it ail 
Oding-wilhc:rabp-ins 

Cooked md fi:ozm aab meal 
Frozen hnimiso 

Metbod of Acnsol Gcncralioa 

Cncking of shell against melal blade, pulling oflegs 
from body, throwing legs 10 ClOllw:yor against lladl; 
splash over con� 

Con1act of aab legs and allached gills wilh mating 
blade, lhrowing leg clustas mto --veyor 

MmaiaJ bancDing ..Caab leg c:luslas 

Steam and condensation gmenlled 6u,rn cooking tank 
Splashing of cooking water from ail ofllmk 

Mataial bandling of&mm aab leg c:luslas 
Material hanclling offnm:11 brrimiso 
Cleaning of ml, a>1iking pans md bnimiso..,. 
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Table 5. Summary-of Aerosoliud Protein Sampling Results 

Job or Area 
Location 

Butcher 

Degiller 

Butchering 

Degilling 

Packing Line 

Cooking Tank 

Shipping 

Ambient Water Tank 

Loading Dock 

BunlcHouse 

Numberof 
Samples 

I 

4 

7 

2 

8 

4 

2 

I 

3 

I 

Range 
(pg/m") 

81 

34-1500 

ND-32 

ND 

9.6-20 

10-6400 

ND-39 

ND 

ND-11 

ND 

Mean Protein 
Concentration 

(pg/m") 

ill 

461 

4.S 

3.7 

1605 

19.S 

3.6 

■���'?iJ�li1�i!it�•�����ih'W: 
Butchering 3 ND 

Degilling 2 ND 

Packing Line 

Cooking Tank 

Loading Tloc:k 

3 ND 

2 ND 

2 ND 
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Table 6. Summary ofEnvironmeutal Allergen Sampling Results 

Job Title N■mber S■-Cnh Ka■ialso . 
....... 

. , A■ti&e■ A■lipll 
Samples (RAU/r) (RAU/r) 

_ ::,-.c-��-�$:-���..,��"·ctx· ��%;� -,;1,�,,..-�"' I� 

�) lh•�� �� �'offi-�-�- �"'°"'"�"�r"" "r"''""'c''Jc"··•"'"""' ."": §leai'f!t. Ik���g�i;�:BIDR-�����tiili ~i--,�
--( �.;.�-=�#' q��.!C-'--! ,·c, 

Unloading I ND - 54 - 1.6 -
Butcher 6 ND-11 3.4 ND-140 50.2 7.6-82..4 25.8 

Butcher-Degiller 3 ND - ND-86 463 2.5-28.4 11.7 
Butcher-Degiller-Packer 2 ND - ND-47 23.S 2.5-9.8 6.2 

Degiller B ND - ND-570 118 3.0..9.1 6.0 

Post Gilling lnspcctlJI I 18 - 130 - 33. 

Packer-Sortec 11 ND- 22.6 ND-82 24.S 2.0..11.0 5.5 
ISO 

Cooker (entrance) 2 ND -. ND-56 28.0 4..9-173 11.1 
Cooker(exit) 3 ND - ND-66 313. 1.1-6.6 4.4 

OullerTanlt 2 ND-21 10.S 55-170 113 3..9-59.6 31.8 

Shipping-Caseup 2 ND - 61-220 141 23.8-13 Ul.6 

Sbipping-Cascup-Pan I ND - 330 - 949 -
Cleaning . 

Freezer Forklift I ND - 830 - 2.4 . . . 

-�ffeb1�a'!��iwitf.��������!�ltit��¥Jii��1?��� 
Butcher 3 ND-38 12.7 1144- 1511 ND-9.2 3.1 

2270 

Degiiler 3 ND - ND - 4.4-22.7 14.4 

Packing Line 2 ND-15 1.S ND - 14.S- 23.6 
'' 32.6 

. 

Cooking Tanlt 3 ND-SB 193 ND - 12.6-18 15.8 

Shipping I ND . - ND - 39 -
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Table 7. Demographic cbancteristics of cnb processing worken 

Ccmplctcd early Ccmplelcd early Completed only 
andlm1111w,ys andlateaD"veys earlyllllYe)' 

n=l07 but excluded n=30 
because not aab 

processor 

n=IS 

Age, yr :I: SE 36 :1: 1 40:1: 3 35 :1:2 

Gender, in ("/4) 
Males 84(78) 7(46) 25(83) 
Females 23(22) 8(54) 5 (17) 

Raee (9/4) , 
Whites 44(41) 8(53) 11 (37) 
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) 

Plaee of longest residenee ("/4) , 
us 41 (39) 6(40) 11 (38) 

•·South East Asia 32(30) 5(33) 9(31) 
Latin America 19(18) 3(20) 6(20) 
Aftica 11 (10) . 3(10) 
Other 4( 4) 1 (6) . 

Tenare ltatas 
F.xperienced• (%) 55 (51) 6(40) 11 (37) 
Median number of months of 5 (2-8) 3 (1-6) 3 (0-5) 
experience�-7� pcn:enliles) 

Smoking ltatas (9/4) , , 
Never smoker 51 (48) 9(64) 17 (60) 
Cuuent smoker 38(35) 4(29) 3 (11) 
Fonner smoker 18 (17) 1 ( 7) 8(29) 

Family history of allergies ("/4) 22(21) 5(33) 9(30) 

TotallgE >lOOkU/ml("/4) 45(42) 4(27) 9(36) 

Atopy (9/4)*• 48(45) 6(40) 11 (42) 
• experienced wmkers were 1hose with more 111811 fiJar weeks ofwodc in lhe crab induslry lit lhe early le8SOII 

•• lllllpy-defined IS. positive CAP ID one OI' more commoo allergen llt lhe early lCISOII 

fmissiog4ala 
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Table 8. Percent Prevalence and Incidence of Symptoms among 
Cnb Processing Worken 

Symptoms Prevalence 
Early season 

(n=107) 

Prevalence 
Late season 

(n=107) 

Incidence, 
�ewomet) 

usually stuffy DOSe OI' drainage 
backofDOSe 

two or nion: episodes of 
blocked, itchy OI' runny nose 

c:bcslevcrsound,-.bc:eringw 
whistling apart mm colds or Oil 

most days each week 

attach of SOB with wbc iog 
with normal breatbing between 
attach 

tigl••ness in c:bcsl 

awaken by an atlack of cough, 
wb+ illg « SOB 

attack of SOB OI' cough after 
exercise 

usual morning cough 

• 22% 

10% 

. 7% 

1%• 

12% 

15% 

3% 

. 

43%t 37% 

45% 

17% 1 1% 

14% 13% 

19% 

35 %t 32% 

21 %t 

. 

21%t 26% 

usual morning phlegm . 6 % 34 %t 30% 

lf�ai����i��ii t¥JiJK1!��j ;tt=�\����U. ktii�ffe7 __ -• 
SOB hunying or walking up hill 13% 16% 9% 

. 

SOB walking with olher own 4% 2% 2% 
age 

stop for IJreath when walking 2% 3% 2% 
alone . 

• in 1he last 1, lD/llllbs, .. in 1he last 6 weeks (during aab season) 

. 

twCJdtas wilhout IJIIIPIOmS in the early II SOD IUne)'wall followed during 6 weeks firlbedcwlopncnt 
ofincideut.ymplomS. 
f p Yalue <O.OS (a.mp81isw to earl)- l"SSIPI � by McNemar's 11:St) 
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Table 9. Percent Health Outcome Prevalence and Incidence among 
Cnb Processing Worken 

Prevalence Prevalence lncidence1 
Health Outcome Early season Late season (.New Onset) 

(n=l07) (n=l07) 

Upper Respiratory 31 % 57 %t S6% 

Asthma-like 14 % 32%t 26% 

Bronchitic 2% 21%t 19% 
t wortan wi1hout heallh outcomes in 1he early-season survey were followed cmr 6 weeks fill'1be 
developnent ofhealth OUluimes. 
f p Yalue <0.05 (c:ompmisuu 10 emly seascm survey by Mc:Nemar's test). 

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

Spirometry Test Early Lateseuon 
season 

Pcn:ent predicted FEV1 :t: SE 109.6 :t:1.9 107.9 :t: 1.9 

Percent predicted FVC :t: SE 109.3 :t2.0 109.5 :t:1.9 

Mean FEVI/FVC :t:SE 84.6:t:0.6 8 3.1 :t:0.7 

Obstruction(% worlters) 2% 4% 

Restriction(% worlters) 3% 3% 

Bronchodilator improvement >8% (%worlcers) 7% 10"/o 
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Table 11. Summary of Immunology Results, Stratified by Tenure Status 
among 96 Crab Processing Workers 

Tenure Status 

Naivewomrs 
wi1h lgE (n=4S) 

Experienced womrs 
with lgE (n=Sl) 

All Worlcers (n=96) 

Snowcnb 
JlAST-lgE 
boirniso 

early 

12% 

5% 

S-/4 

Snowcnb 
JlAST-lgE 
aab-watcr 

39

Paguruscnb 
CAP-lgE 

Medians fir 
TOIBI lgE kU/1 

(256, 7S-- Jlriidlli\,s) 

early 

91 
(37,419) 

64 
(ll.22A) 

84 
(25,273) 



Table 12. Risk Ratio (RR) for Predicting Development of Upper Respiratory Outcomes 
amone: 74 Crab Processine: Worken Without the Condition at the Ear 

Risk Facton (■) Percent 
Incidence 

A,.e 

Gender 

Race 

Smoking• 

AtDpy 

Family Bislory 
ofAllergies 

K1nimiSt.> 
RAST-IgE• 

Crab-water 
RAST-IgE• 

Pargus-crab 
CAP-IgE• 

F.osinopbil Cationic 
Piotein• 

Housing 
. 

Tcomein 
Cnb Industry 

'. Potential high 
exposures•• �· -

Task 
Catego.ies 

� 35 years old (43) 
<3Syearsold(31) 

female(16) 
male(SI) 

non-white (43) 
white(31) 

D0(47) 
yes(27) 

no(42) 
yes(32) 

D0(65) 
yes(9) 

negative (70) 
positive (2) 

negative (68) 
positive (4) 

negative (67) 
positive (S) 

negative (73) 
positive (l) 

off-site ( 4S) 
on-site (29) 

experienced (34) 
naive(40) 

no(33) 
yes(20) 

unloading (7) 
butchering (6) 
degilling (12) 
pecking (20) 
�(13) 

mixed/dirty (8) 
mixed/clean (8) 

• llalllS at the end of1he R8SOII 

37 
SI 

31 
48 

47 
45 

51 
37 

48 
44 

42 
71 

46 
so 

46 
so 

45 
60 

45 
100 

47 
45 

41 
so 

48 
60 

14 

83 
so 

so 

46 
38 
38 

•• yes (butcherin& degi1ling_ oooting}, DO (peckin& case-up) 
t Fisher'• euct lat 
* dencJlff caoflden,:e inleml 
ND not clelamined; me c:el1 cmtained a� Yalue 
Sbdislic,ot ,rignUicant 'l!&lues are llhown in bold 
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Relative Risk 
(95%Cli) 

1.0 
1.6 (l.0-2.S) 

1.0 
1.3 (0.7-2.6) 

1.0 
1.0 (0.6-1.6) 

1.0 
0.7 (0.4-1.3) 

1.0 
0.9 (0.5-1.5) 

1.0 
1.9(1� 

1.0 
1.1 (0.3-4.5) 

1.0 
1.1 (0.4-2.9) 

1.0 
1.3 (0.3-0.6) 

1.0 
ND 

1.0 
1.0 (0.6-1.6) 

1.0 
1.2 (0.7-2.0) 

1.0 
1.2 (0.11-2.0) 

1.0 
5.8 (0.9-37.1) 
3.S (0.5-23.4) 
3.S (0.5-22.6) 
3.2 (0.5-21.7) 
2.6 (0.3-19.1) 
2.6 (0.3-19.8) 

r-season Surv�• 

pftlue 

0.08 

0.45 

0.91 

0.25 

0.74 

O.Nt 

0.7lt 

0.63t 

0.42t 

0.46t 

0.18 

0.45 

0.42 

tefetenl 
0.02t 
0.14t 
0.11 t 
0.18t 
0.34t 
0.34t 



Table 13. Risk Ratio (RR) for Predicting Development of Asthma-like Outcomes 
among 92 Cnb Processing Worken Without the Condition at the Early-RUOn Saney 

Risk Facton (•) Percent 
Iucideace 

Age 
2: 3S years old (SO) 20 
<3S years old (42) 33 

Oender 
female(lB) 6 
male(74) 31 

Race non-white (S4) 21 
wbite(311) 24 

Smoking• no(S7) 21 
:,es(3S) 34 

Atapy no(Sl) - 27 
yes(41) 24 

Family History no(7S) 21 
of A11agies :,es(l7) 

. 
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IC1Dimi"" negatm: (IS) 2S 
RAST-IgE• positive (4) so 

Crab-water negatiye (IIS) 27 
RAST-IgE• positive (4) 0 

. 

Pagurusc:nb negatm: (Ill) 23 
CAP-IgE• . positive (II) so 

Eosinopbil Cationic negatm: (Ill) 23 
Protein. positive (4) 100 

Housing off-site (64) 30 
• CJD-Site (211) 18 

Tenure in cxpaieuced (44) 20 
Cnb Industry naive(4B) 31 

PultaitiAI high no(40) 30 
exposures•• yes(26) 38 

unloading (10) 0 
butchering (10) 40 

Tuk degilling (14) -36 
packing (?5) 211 Categolies case-up (IS) 33 
miDd/dirty (II) 2S 
miDd/clean (10) 10 

• llatDS ltlbe end oflbe RIISOll 

•• ya {buldlering. cJegming, cooking). -(pecking. -.up) 
t F"lllxr'• euct test 
* clenulcs cc■ifidma, ialaval 
ND not delmoiocc1; IJlle lll,]I CCNIIMioed a mo nJoe 
Slatislical significmrtYBlues-lhown in bold 
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Relative Risk 
(95%0:1:) 

1.0 
. 

1.7 (O.B-3.4) 

1.0 
5.6(0-8&7) 

.1.0 
0.9 (0.4-1.7) 

1.0 
1.6 (O.B-3.2) 

1.0 
• 0.9 (0.4-1.1) 

1.0 
2.2(1.1-4.3) 

1.0 
2.0 (0.7-S.I) 

1.0 
ND 

1.0 
2.1 (0.9-4.7) 

1.0 
ND 

1.0 
0.6 (0.3-1.5) 

1.0 
l.S (0.11-3.1). 

1.0 
13 (0.7-2.S) 

1.0 
ND 
ND 
ND 
ND 
ND 
ND 

··_pfthle 

O.lS 

Ult 

0.66 

0.16 

0.74 

. . 

0.26t 

0.29t_ 

0.11 t 

0.G03t 

0.24 

0.24 

0.411 
. 

1efcaart 
U4t 

ust 
O.G7t 
0.06t 
0.llt 

O.SOt 

. 



Table 14. Risk Ratio (RR) for Predicting Development of Bronchitic Outcomes 
among 105 Cnb Processing Worken Without the Condition at the Early-season Survey 

Risk Facton (n) Percent 
Incidence 

Age 
� 3S years old (SS) 7 
< 3S years old (SO) 32 

Oenda' 
female(22) s 

. 

male(83) 23 

Race 
non-white (61) 16 
white(44) 23 

Smoking• no(64) 14 
yes(4l} 27 

Atopy no(S7} 40 
yes(41} 60 

Family History no(83) 16 
of Allergies yes(22} 32 

ICannniso negative (97) IS 
RAST-IgE• positiw (S} 80 

Crab-water negative (97) 18 
RAST-IgE• positiw{S) 40 

Paguruserab negative (93) 16 
CAP-IgE• positive (9) 44 

F.osinophil Cationic negative (100) 17 
Piotein. positiw(S) 60 

Housing 
off-sill: (69) 17 
oo-sm:(36) 22 

Tenure in expericnccd (SI} 12 
Crab Industry naive(S4) 26 

Potential high no(4S) 16 
csposmes•• yes(30) 30 

unloading (11) 0 
butchering (12) 2S 

Task degilling (16) 38 
packing (29) 10 Categolies 
case-up (16) 24 
mixed/dirty (I 0) 20 
mixed/clean (11) 18 

• SlalUS at 1hc end of lhc season 
•• ya (butchain& degi)Jio& ffVJking). DO {peckin& �) 
t YISher's euct 1mt 
* deuom cmfidencc mml 
·NDnatdetamioed; aoe ceJl cc:«daioed • mo value 
• S!alistbl significant Yalucs ae llhawn in bold 
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Relative Risk pvalue 

(95%CI*) 

1.0 
4.4 (1.6-12.3) 0.001 

1.0 
5.0 (0.7-35.8) O.Mt 

1.0 
1.4 (0.6-3.0) 0.42 

1.0 
1.9 (0.9-4.2) 0.10 

1.0 
1.8 (0.8-4.0) 0.16 

1.0 
2.0 (0.9-45) 0.09 

1.0 
5.2 (l. 7-9.11) 0.004t 

1.0 
2.3 (0. 7-7.3) 0.23t 

1.0 
2.1 (1.2-6.5) O.Mt 

1.0 
3.5 (1.5-8.1) O.OSt 

1.0 
13 (0.6-2.8) 055 

1.0 
2.2 (0.9-S3} 0.07 

1.0 
1.9 (0.8-4.6) 0.14 

1.0 1efereot 
ND 0.12t 
ND 0.03t 

ND 031t 

ND O.lOt 
ND 0.21 t 
ND 0.24t 



Appenclhl 
·ADergo J::stract Preparatioa 

Cooking Water 

Samples of water used to cook aab legs were collected Ill 1he end of a work shift just before ti,,, cooking 
tank water was to be rq,laced. The cooking water sample was timeo, shipped to 1he laboratory, and 
stored at minus 80°C until analyzed. The thawed cooking watel' samples were clarified by 
ceubifugation followed by� duough a 0.4Spm filter. The filtrate was dialyzed against a sodium 
Clllbonate buffer, concentrated IW'h•iruatcly four.fold using an Amicon ultrafiltration system with a 
YM-2 membrane. and stored Ill minus 20°C until usec1.· 

Crab Meat 

Extracts ofbolh cooked 111d uncooked aab meat were prepared from aab legs shipped frozen to 1he 
L,bondoiy. The crab meatwa.� 1.l"ssc .:led cut of the shell. minced into fine pieces. suspended in 0.OSM 
ammonium Clllbonate (10% w/v). and CXlnlcted overnight Ill 4°C wi1b COPSbmt stirring. The aamp)es 
were 1hen centrifuged. fiiten,d, dialyzed 111d stored as aboYe. 

ICanimiSIJ 

A frmen sample ofbnlmiso was thawed. subjected to a low speed centrifugation to ranove particulate 
matter followed by a high speed ceubifugation (10.000 g) for two hours to sepa111te the lipids (oils) fiom 
1he mixture. The aqueous material was proeessed by filtndion and dialyzed as above. and stored at 
minus 20°C until analyzed. 

Prepantion of aolid-pluise tor RAST lltlldiea 
. 

The allergen extracts were coupled to CNBr activated Sephrose® 4B (Pharmacia Biotech, U..-Ja. 
Sweden) acconling to the manufacturer's rerornrnended pocedure. Coupling efficiency was delcrmined 
by monitoring the absorbance Ill 280 nm i>fthe wash fluids and >90'/4 of the potein in each sample was 
bound to the beads. Umeacteci sites on the beads were blocked by incubation in TRIS buffer overnight 
Ill 4°C The allergen coated beads were stored at 4°C until used for RAST assays. 
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Appendh2 
Eavirvameatal Samples for ADergea Coateat 

The glass fiber filters used to collect air samples were ston:d at 4 • in lbeir cassettes until extraction. The 
filters were aseptically transferred to sterile SO ml centrifuge tubes, and extracted with 10 ml of pyrogm 
free water for 60 minutes at room temperature oo a rocker platform. The samples were then centrifuged 
for 10 minutes at 2500 rpm, and the supernatant fluid was recovered and ston:d in three aliquots at minus 
ss•c until assayed for either total protein, allergen, or cndotoxin coutaiL 

Allergen content in cxtraC1s of air samples was determined by a RAST inlnl,itioo assay. Because the 
RSUbs of the four allergens RAST indicated 1hat cooking water, cooked meat, and uncooked meat gave 
nearly identical results, the enalysis of the air samples included only two allergens. crab meat and 
kenimiso. For the crab meat allergen levels, the cooking water was selected es the allergen source 
materiel because sodium dodecylsulphate (SDS) gel electrophoresis enalysis revealed that this 
ptepmation contained significantly fewer proteins then either the cooked or uncooked meat cxtrects, (see 
Figure A2-1) but had similar binding ectivity in the RAST essay. The staining of gels for protein by 
Commessie blue revealed that uncooked crab meat, cooked crab meat, end cooking water extrects 
showed simillll piotein bends. The kenimiso cxtrect sbered many proteins with the meat extracts, but 
contained some bends not seen in the meat extnicts. Analysis of pooled sera using Western blot (picture 
not shown) showed IgE binding to several bends with both extnK:ts, including from 34-36 kd 
(ki1odaltons) range. 

The stock allergeo c:xtrecls (cooking water end kauuniso) were defined es containing 1000 relative 
allergen units (RAU) per milliliter, and serial�- prepered from these stocks eech clay to 
construct a standerd curve for each inht'bition essay. The sera used for the inht'bition assay were selected 
oo the basis of the RAST results. The anti-crab meat pool contained sera 1hat racted strongly with the 
meat allergens (>10% counts bound) but weekly or not at all with the kenimiso extract, and vice versa for 
the anti-kenimiso serum pool. The lunits of detectioo were found to bt. epptoxiuJemly 1 RAU/ml or 10 
RAU/filter for the crab meat essay and S RAU/ml or SO RAU/filter for the kenimiso assay. The 
minimum detectable c:oucentretion (MDC) for the crab essay was S.2 RAU/m3 and 26.0 RAU/m' for the 
kenimiso assay, based OD an airumpling volume of 1920 liters (4.0 Umin for 8 hours). 
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FigureA2-l 
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�-.1,t� • 
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1 -High molecular weight markers 
2-Low molecular weight markers 
3 and 4 -Oab OJoldng Wm:r 
Sand 6 • Unc:oobd Oab Meat Extract 
7 and I• Coobd Oab Meat Extract 
9 and 10 • JCanirniso F.mact 

Note: Crab cooking water contained three bands indicating poteins with molecular waghts of 40, 33, 
and 17 kcl. The uncooked crab meat extract had the most protein per gram of sample, and the most 
indiviifual bands. A 1Dtal of 19 bands could be detected, with major bands mound 75 to 84 bl, SO kd and 
42 klL· ,The cooked crabmeatc:xtracthad 13 bands, with major bands at SO bl, 38 lal, 22lal, and 17 kcl. 
1hr. bnirniso 1111d eight distinct bands with major bands at 31 kd and 20 kcl. 
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Appendix3 
Environmental Evaluation Criteria 

As a guide to the evaluation of the bll7.ards posed by workplace exposures, 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 exposed up to 10 hours 
per day, 40 ho\11'$ per week for a working lifetime without experiencing adverse health effects. It is, 
however, important to note that not all workers will be protected from adverse bealth effects even though 
their exposures are maintained below these levels. A small percentage may experience adverse health 
effects because of individual suscepul>ility, a pre-existing medical condition, and/or a bypersensitivif¥ 
(allergy). In addition, some hazardous substances may act in combination with other workplace 
cxposura. the general environment, or with medications or personal habits of the worker to produce 
bealth effects even if the occupational exposures are controlled at the level set by the criterion. These 
combined effects are often not considered in the evaluation criteria. Also, some substances are absorbed 
by diRct 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 primal)' sources of environmental evaluation criteria for the workplace are: (1) NIOSH 
Recommended Exposure Limits (RELs).1 (2) the American Conference of Governmental Industrial 
HygienislS' {ACGill®} Threshold Limit Values (ILVs«l).2 and (3}the U.S. Department of Labor, 
Occupational Safety and Health Administration (OSHA} Permisstl>le F.xposqR Limits {PEl..s).' 
F.mployas are encouraged to follow the OSHA limits. the NIOSH RELs, the ACGUI TI.Vs, or 
whichever are the more potec:ti,,,: c:rilerion. 

OSHA requires an employer to furnish employees a place of employment that is free from recognized 
buards that are causing or are likely to cause death or serious physical harm.' Thus, employers should 
understand that not all h87.ardous chemicals have specific OSHA exposure limits such as PELs and 
STELs. An employer is still RqUired by OSHA to protect their employees from ha7mds, even in the 
absence of a specific OSHA PEL. 

A time-weighted average (1W A) exposure refers to the average airborne concentration of a BUbstance 

during a normal 8-to-10-hour workday. Some substanc::eb have recommended short-term exposure limits 
{S"IU) or c:ei1ing values which are intended to supplement the TWA where there are recognized toxic: 
effects from higher exposures over the short-term. 

Ammoiiila 

Ammonia is a severe irritant of the eyes, respitatory tract and skin. It may cause coughing burning and 
tearing of the eyes, nmny nose, chest 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 
seven:� damage. Exposure of the skin to high concentrations of the gas may cause burning and 
blistering. Repeated _exposure to ammonia gas may cause chronic irritation of the eyes and upper 
respindoly 1rlCt. 

Carlloa Monmide 

Camon monoxide (CO) is a colorless, odorless, tasteless gas which can be a product of the incomplete 
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combustion of organic compounds. CO combines with hemoglobin 1111d iutelfeaes with the oxygen 
carrying capacity of blood. Symptoms include \eadacbe., drowsiness. diz z i--ess,. nausea, vomiting, 
collapse, myoc:ardial ischemia, and dealh. 

Microorgaaisms 

Microo.-gaoism" ("mcludiog fungi and bacteria) arc normal inhabitants of the environment. 1he 
saprophytic varieties (those llh]iziog non-living organic matter as a food soun:e) inhabit soil, vegelatillll, 
water, or any RSCIVoir that can provide an ample supply of a nutrient substrate. Under the appropriaie 
conditions (optimum temperature. pH, and with sufficient moisture and available nutrients} saprophytic 
miauOlgauism populations can be amplified. Through wrious mechanisms, these organisms r.an then be 
disseminated as individual cells or in association with soil/dust or water particles. In the outdoor 
environment, the levels of microbial aerosols will vary according to the geographic locatim, climatic 
conditions. and surrounding activity. Geoerally, indoor workplace levels are e-1«.ted to be below the 
outdoor lewis, with similar microbial species IDd Rlative frequencies. 

Acceptable limits on wotkr.r cxposnrc to airborne JDicromganisms IJave not been established, primarily 
because allergic reactions can occur even with Rlatively low air conccubatiuds of allergens, and 
individuals differ with aespcct 10 allergic IUSCCpb"bilities. The cwacnt staategy for on-site evaluation of 
environmental microbial contamination involves an inspcclion to idcntif:, BOWC:CS (aescrvoias) of 
microbial growth and potcotiall iOlltcs of disscrni!'ation. In those locations where contamination is Yist"bly 
evident or suspected, bulk samples may be collected to identify the predominant (fungi and bacteria) 
lpCCics. 

Algae and DinoflageDates 

DinoflagcDatc conlamiMtioo ofcnb endolymph has been suggested as an etiological agent for 
aespiaatoay, clcrmatological and systemic symptoms. Dinoflagellates are unicellular, 6-floating algae. 
Certain marine dinoflageDatcs can produce neuaotoxios that caosc paaalytic: shellfish poisoning. Blooms 
of dinoflagcDatcs BR also aespoostolc fol' seasonal ml tides. 

DinoflagcDatcs Rsembliog Hematodinium sp.-can caosc fatal infection in cnbs resulting in the bitter 
cnb syndaWJ.:. Infected cnbs have drooping limbs and moutbpaats, milky-white endolymph and when 
cooked, the meat has a chalky-textwt mid an astringent after-taste. Paevaleoce and intensity of infection 
BR highest between July and October, with peak cnb moatality in August and September.· Prevalence of 
infection is DS1ially � by mid-winter during the harvesting season. 

bdotmins 

F.ndotoxin is a component of the outer cell wall of Gram-negative baclmia. It is often a «-da111iuant IJf 
oaganic materials and, when inhaled, can caosc symplOmS of upper and Iowa' airway iaritation, as -U as 
systemic fiu.'like symptoms. • Endotoxins have Ii wide range of biological activities including 
iofJamrnatoey and immunological aespooscs. The pulmonaay lllllCIOphage i.. cxtaem.,ly smsitiw: to the 
effects of cndotoxins and a primaay target cell forendotoxin-ioduccd pulmonmy injuay following 
aespiaatoay exposwe. Exposnres to endoloxins have been aepoilt:d to cause acute fever, dyspnea, chest 
tigblness, cougbiog, and clccreascs in pulmoomy function. >sdirnati"ll BR more sensitiw to the airways 
c1rec1s of eodotoxio than mmasdum!!ics. 
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There are no OSHA, ACGilf, or NIOSH standards or criteria for occupatiooal exposures to endotoxin. 
The scientific literature contains research descnl>ing human threshold exposure limits for endotoxins. 
The lowest endotoxin exposure reported to cause adverse pulmonary response was measured b. exposure 
studies among subjects sensitive to cotton dusts, [9 nanograms of elutriated endotoxin per cubic meter of 
air (9 ngtm')]; this concentration is equivalent to approximately 90 endotoxin units per cubic meter of air 
(EU/m'). Threshold endotoxin exposures among healthy human subjects exposed to cotton dusts are 
reported by Rylander as approximately 1000 to 2000 EU/m3 for an across shift acute pulmonary 
response (decline in FEV,) and S000 to 10,000 EU/m3 for fever. However, a recommended enclotoxin 
exposure limit of SO EU/m3 based on inbalable dust sampling ha,, recentl) been adopted in the 
Netherlands. This limit was established as about half of lhe 90 EU/m3 level that induces measurable 
airways obstruction. 

Volatile Orpnic Compoaads 

Volatile organic compounds descnl>e a large class of chemicals which are organic (i.e .. contaiaiDg 
carbon) and have a sufficiently high wpor pressure to allow some of lhe compound to exist in the 
gaseous state at room temperatun,. These compounds are emitted in varying concentrations &om 
numerous indoor sources including. but not limited to, adhesives. solvents, paints, cleaners. cigarettes. 
and combustion sources. They can also be of microbial origin 

Occapatioaal uposare criteria aad standards for air coataminants measured 

SUBSTANCE NIOSHREL ACGIR TLV OSHAPEL 

Aerosolmd potein, NoRELs NolLVs NoPELs 
Cnb allergens, 
Endotoxin, 1111d 
Microorganisms 

Ammonia 2SppmTWA 2SppmTWA SO ppm TWA 
35 ppm S11il. 35 ppm S11il. 

Carbon Monoxide 3S ppmTWA 2SppmTWA S0 ppm TWA 
200 ppm Ceiling 

I. NIOSH (1992).. RN'Allllrnffldations ft. occupatiooal ll8fety and health: compendimn of policy doc:umen1s and 
slltelllads. Cinc:innati, OH: U.S. Deparlment of Health and Hmnan Services, Public Health Service, Cadas filr 
Disease Ccalrol and Prevmlion, National IDsdtute fir Occupational Safety and Health, DHHS (NIOSH) Publiadion 
No.92-100. 

2. ACGDI (1999}. 1998 n.vse and RELse: threshold lirnitvalues forc:bemic:al sabslances and physic:al agents. 
Cinc:innali, OH: American Confermce of Govamnental indusbial Hygienisls. 

3. Code of Federal llegulations (1997]. 29 CFR. 1910.1000. Washington, DC: U.S. Govamn..rt Printing Office, 
Federal Regisla'. 

4. PublicLaw91-5960ttupatioual llllfetymdHeallhAc:tofl970, Sec. S.(aXl}. 
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Table A-1. Penonal Sampling Results -Total micro-Kjeldabl Aerosolized Protein 
UniSea, Inc. Snow Cnb Processing 

Dntch Barbor, Alaska 
.Jannary 23, 1998 
BETA 98-0069 

.Job Title Date Sample Sampling Total Protein 
Sample Nnmber Time Volume Concentration 

Collected (min) Collected 

Botcher 1/23/98 8898-33 537 1074 81 

DegiDer 1/23/98 8898-06 553 1106 1500 

DegiDer 1/23198 8898-12 553 1106 140 

DegiDer 1/23/98 8898-32 548 1096 170 

DegiDer 1/23/98 8898-30 . 589 1178 34 

• : Samples were collected on glass fiber filters mounted in 3-piece 37mm cassettes at 2.0 

• Samples were collected with an open-face� 

• Evrnination of the filters after the work-shift indicated that •c:raJ, bits' were splashing 
onto the sampling media. All subsequent personal sampling was done closed faced to 
rninimi:n: collection of such material. 

• These data act as a positive control indicating that the mic:ro-KjeldahJ method was 
effectively d,eteding ml, potein. 
.. . 
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Table A-2. Area Sampling Results - Total micro-Kjeldahl Aerosolized Protein 
UniSea, Inc. Snow Cnb Processing 

Area 
Location 

Butchering 

Butchering 

Butchering 

Butchering 

Butchering 

Butchering 

Butchering 

Degi]Jing 

Degi]Jing 

Packing Line 

Packing Line 

Packing Line 

Paclring Line 

Date 
Sample 

Collected 

1/23/98 

1'24/98 

lflS/98 

1126198 

1'27/98 

lfl7/98 

lflS/98 

1126198 

lflS/98 

1/23/98-

1'24/98 

lflS/98 

1'26198 

Dntch Barbor, Alaska 
January 23-28, 1998 

BETA 98-0069 

Sample Sampling 
Number Time 

(min) 

8898-09 49S 

8898-17 517 

8898-39· 49S 

000025 468 

8898-R-09-CF 482 

8898-R-16-CF 480 

8898-R-38-CF 492 

000018 454 

8898-R-40-CF 46S 

8898-27 S61 

8898-07 518 

8898-35 494 

000012 454 

so 

Total Protein 
Volume Concentration 

Collected (pg/m') 

990 ND 

1034 ND 

990 ND 

936 32 

819 ND 

960 ND 

836 ND 

908 ND 

791 ND 

1134 ND 

1036 9.6 

988 20 

908 ND 



Table A-2. Ara Sampling Results -Total micro-Kjeldahl Aerosolized Protein (continued) 
UniSea, Inc. Snow Cnb Processing 

Ara 

Location 

Packing Line 

Packing Line 

J>a Inn Line c_g 

Pactring Line 

Cooking Tank 

Cooking Tank 

Cooking Tank 

Coolring Tank 

Ambient 

Wab:rl'lmt 

Shipping 

Shipping 

Loading Dock 

Loading Dock 

Loading Dock 

Bunk House 

Date 
Sample 

·Collected 

1/23198 

1124198 

lllS/98 

1/26198 

1123198 

1124198 

lllS/98 

1126/98 

1123198 

1124198 

lllS/98 

1124198 

• lllS/98 

1126/98 

1123198 

Dutch Barbor, Alaska 
January 23-28, lffl 

BET� 98-0069 

Sample Sampling 
Number nme 

(min) 

8898-22 571 

8898-26 SIB 

8898-16 494 

000007 453 

8898-31 174 

8898-40 117 

000006 494 

000011 452 

8898-11 566 

8898-24 SIB 

8898-3� 495 

8898-0S 493 

8898-34 482 

000019 453 

8898-15 567 

SI 

Total Protein 
Volume Concentration 

Collected 

1142 ND 
. 

1036 ND. 

988 ND 
. 

906 ·.ND 

348 ND 

234 . 6400 

988 10 

904 11 

1132 ND 

1036 39 

990 ND 
. 

986 ND 

964 ND 

906 11 

1134 ND 



Table A-3. Area Sampling Results - Respirable micro-Kjeldahl Aerosolized Protein 
UniSea, Inc. Snow Crab P1 oceslling 

Job Title 

Butchc:ring 

Butchc:ring 

Butchc:ring 

Degilling 

Degilling 

Packing Line 

Packing Line 

Packing Line 

Cooking Tank 

Cooking Tank 

Loading Dock 

Loading Dock 

Date 
Sample 

Collected 

1/27/98 

1/27/98 

1/28/98 

1/28/98 

1/27198 

1/27/98 

1/27/98 

1/28/98 

1127198 

1/28/98 

1/27/98 

1/28/98 

Dutch Barbor, Alaska 
January 27-18, 1998 

BETA 98-0069 

Sample Sampling 
Number Time 

(min) 

8898-R-17 482 

8898-R-21 483 

8898-R-28 492 

8898-R-18 466 

8898-R-23 467 

8898-R-25 479 

8898-R-13 480 

8898-R-36 286 

8898-R-24 267 
8898-R-22 179 

8898-R-3s· 304 

8898-R-30 473 

8898-R-33 474 

Total Respirable 
Volume Protein 

Collected Concentration 

(pg/m.3) 

819 ND 

821 ND 

836 ND 

792 ND 

794 ND 

814 ND 

816 ND 

486 ND 

454 ND 
304 

S17 ND 

804 ND 

806 ND 

NOTE: Samples were collected on 37-mm glass fiber filters mounted cyclones at 1.7 Umin. 

S2 



Job Tide 

Oftloader 

Butcher, 

Butcher 

Butcher 

Butcher 

Butcher 

Butcher 

Buldler-Depller 

Buldler-DealJler 

Buldler-Deglller 

Table A-4, Penonal Sampllna Results 
Aeroaollzecl Protein, Snow Cnb Antigen, Kanlmlso Antigen and Endotom (n-43) 

UnlSea, Inc. Snow Cnb Procesalng 
Dntch Harbor, Alaaka 

BETA 98-0069 

Date Sample Samplln1 Total· Aeroaollzed SnowCnb Kanlml■o 
Number Time Volume Protein Antigen Antigen 

. (min) Collected (I) (Ilg.Im') (RAU/m') (RAU/m') 

318198 000056. 259 1036 ND ND. 54 

1/27/98 8898-R-10 481 962 . ND NI> ND 

1/27/98 8898-R-14 546. 1092 ND 9.2 ND 

1/27/98 8898-R-20 517 1034 ND 
. 11 ND 

316198 000019 441 1764 ND ND 66 

3/8/98 000039 319 • 1276 ND ND 95 

3/8/98 000051 144 576 ND ND 140 

3/6/98 000006 ·. 455 1820 ND ND ND 

. 

3/8/98. 000072 283 1132 ND ND 53 

3/6/98 000015 481 • 1924 •. ND ND 86. 

53 

Endotoxln 
(EU/m') 

1.6 

7.6 

21.3 

• 11.1 

24.7 

1.6 

82.4 

2.5 

28.4 

4.1 



Job Title 

Butcher-Deglller-

Butcher-Deifller-

Degiller 

Degiller 

Degiller 

Degiller 

Degiller 

Degiller 

Degiller 

Degiller 

Pait Gilling 

Table A-4. Penonal Sampling Relultl (continued) 
Aero1ollzecl Prot� Snow Cnb Antigen, Kanlmllo Antigen and Endoto:lln 

UnlSea, Inc. Snow Cnb ProceuJns 
Dutch Harbor, Aluka 

HETA9U069 

Date Sample Sampling Total Aerosolized SnowCnb Kanlmlso 
Number Time Volume Protein Antigen Antigen 

(min) Collected (I) (J&g/m3) (RAU/m3) (RAU/m3) 

3/8/98 000049 322 1288 ND ND 47 

3/8/98 000055 290 1160 ND ND ND 

1/26/98 000009 516 1032 ND ND ND 

1/26/98 000016 511 1022 ND ND ND 

1/26/98 000017 512 1024 ND ND ND 

1/26/98 000023 507 1014 ND ND ND 

3/6/98 000007 510 2040 ND ND 30 

3/6/98 000016 506 2024 ND ND 570 

3/8198 000034 259 1036 ND ND • 270 

3/8198 000090 346 1384 ND ND 70 

3/8198 000060 289 1156 ND 18 130 

54 

Endoto:lln 
(EU/m3) 

9.8 

2.S 

6.2 

4.8 

6.8 

3.0 

9.1 

5.3 

5.0 

7.9 

3.3 



Job Title 

Packer/Sorter 

Packer/Sorter 

Packer/Sorter 

Packer/Sorter· 

Packer/Sorter 

Packer/Sorter 

Packer/Sorter 

Packer/Sorter 

Packer/Sorter 

Packer/Sorter 

Packer/Sorter 

Cooker.._ 

Cooker Bnlninoe 

Table A-4, Penonal SampUng Resnltl (continued) 
Ael'OIOllzecl Protein, Snow Crab Antigen, Kanlmllo Antigen and Endotoxln • 

UnlSea, Inc. Snow Cnb Proeeulng 
Dutch Harbor, Aluka 

BETA98"'°°'9 

Date • Sample Sampling Total Aero1ollzecl SnowCnb Kanlmllo 
Num�r, Time Volume Protein Antigen Antigen 

(min) Collected (I) (pg/m') (RAU/111') (RAU/m') 

1/26198 000020 370 740 ND ND ND 

1/26/98 000022 467 934 ND ND ND 

1/26/98 000024 504 1008 ND 150 : ND 

3/6/98 000001 501 2004 ND 15 ND 

3/6/98 000013 480. 1920 ND 46 ND 

3/6/98 000027 484 1936· ND ND 37 

3/6/98 000005 489 1956 ND ND ND 

3/8/98 000097 350 1400 ND ND 53 

3/8/98 000057 354 1416 ND ND 82 

3/8/98 . 000032 3Sl 1404 ND ND 44 

3/8/98 000024 348 1392 ND 38 S3 

1/26/98 . 000008 Sll 1022 ND ND ND. 

3/8/98 • 000023 331 1324 ND ND 56 

ss 

Endotoxln. 
· (EU/m') 

9.8 

s.s 

4.7 

3.2 

2.7 

6.5 

2.0 

8.1 

3.5 

3.9 

11.0 

4.9 

17.3' 



Job Title 

. 

Cooker Exit 

Cooker Exit 

Cooker Exit 

Chiller Tank 

Chiller Tank 

Shipping-

Shipping 

Shipping 
Caseup 
Pan Cleaning 

FreemFork 
Lift Driver 

Table A-4. Penonal Sampling Resultl (continued) 
Aerosolized Protein, Snow Crab Antigen, Kaafmlso Antigen and Eadotom 

UalSea, lac. Snow Cnb Procea1lng 

Date 

1/27/98 

3/6198 

3/8198 

1/26/98 

. 3/8/98 

1/26198 

3/8/98 

3/8198. 

3/8198 

Dutch Harbor, Aluka 
• • HETA98-0069 

Sample Simpling Total 
Number Time Volume 

(min) Collected (I) 

8898-R-15 536 1072 

000009 465 1860 

000068 333 1332 

000010 501 1002 

000040. 283 032 

000015 478 956 

000031 146 584 

000092 199 796 

000079 246 984 

56 

Aero1ollzecl 
Protein 
(J&g/m') 

ND 

ND 

ND 

69 

ND 

63 

ND 

ND 

ND 

SnowCnb Kaalmlso 
Antigen Antigen 

(RA.Ulm') (RA.Ulm') 

ND 66 

ND 46 

ND ND 

ND 170 

21 ss 

ND 61 

ND 220 

ND 330 

ND 830 

Eadoto:lfa 
(EU/m') 

6.6 

1.1 

5.S 

59.6 

3.9 

23.8 

13.3 

949 

2.4 



Job Title 

Butcher 

. 

Butcher 

Butcher 

Degiller 

Degiller 

Degiller 

Packing Line 

Packing Line 

Cooking Taruc 

Cooking Taruc 

Cooking Taruc 

Shipping 

Table A-5, Penonal Sampling Results 
Reaplrable Aerosolized Protein, Snow Crab Antigen, Kanlmlso Antigen, and Endoto:dn (n•12) 

Date 
Sample 

Collected 

1/28/98 

1/28/98 

1/28/98 

1/27/98 

1/28/98 

1/28/98 

1/27/98 

1/28/98 

1/27/98 

1/28/98 

1/26/98 

1/27/98 

• 
UnlSea, Inc. Snow Crab Processing, Dutch Harbor, Alaska 

January 27-28, 1998 
HE'l'A 98-0069 

Sample Sampling Total Resplrable Resplrable 
Number Time Volume Aerosolized Snow Crab 

(min) Collected Protein Antigen 
(J&g/m3) (RAU/m3) 

8898-R-26 340. 578 
8898-R-34 172 292 ND ND 

8898-R-29 498 847 ND 38 

8898-R-32 186 316 ND ND 

8898-R-11 501 852 ND ND 

8898-R-31 527 896 • ND ND 

8898-R-37 524 891 ND ND 

'· 8898-R-12 513 872 ND ND 

8898-R-39 520 884 ND 15 

8898�R-08 524 . 891 .. ND 58 

8898-R-27 SIS 876 56 ND 

8898-R-19 · 529 899 ND ND 

8898-R.-07 SOI 852 ND • ND 

57 

Resplrable 
Kanlmlso 
Antigen 

(RAU/m3) 

.1420 

844 

2270 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND. 

Resplrable 
Endotoxln 
(EU/m3) 

ND 

9.2 

ND 

22.7 

16.2 

4.4 

14.S 

32.6 

12.6 

16.2 

18.5 

39.0 



Area 
Sample 

. Location 

Loading Dock 

Loading Dock 

Bunkhouse 

01 Break Room 

01 Break Room 

Glove Wash Room 

Glove Wash Room 

Table A-6. Area Sampling Results• Low Exposure Comparison Work/Production Areas 
Aerosolized Protein, Snow Crab Antigen, Kanlmilo Antigen and Endotom (n•l4) 

UnlSea, Inc. Dutch Harbor, Aluka 
HETA 98-0069 

Date Sample Sampling Total Aerosolized Snow Crab Kanlmilo 
Sample Number Time Volume Protein Antigen Antigen 

Collected (min) Collected (I) (pg/m3) (RAU/m3) (RAU/m3) 

1/24/98 8898-19 493 986 ND ND ND 

3/6/98 000018 493 1972 ND 180 ND 

1/23/98 8898-23 567 1134 ND ND ND 

3/6/98 000029 553 2212 25 ND ND 

3/8/98 000083 262 1048 ND ND ND 

3/6/98 000025 568 2272 37 ND so 

3/8/98 000080 265 1060 ND ND ND 

0 I Production Office 3/6/98 000017 458 1832 ND ND ND 

Screening Plant Deck 3/6/98 000022 487 1948 ND 7.9 ND 

Meal Plant Hopper 3/9/98 000077 629 2516 ND ND ND 

Meal Plant Storage 3/6/98 000014 482 1928 ND ND ND 

02 Surimi Plant 3/9/98 000020 559 2236 33 ND ND 

Fillet Area 

02 Surimi Plant 3/9/98 000095 559 2236 38 ND ND 

Fillet Area 

02 Surimi Plant 3/9/98 000058 556 2224 31 ND ND 

Screening Deck 

58 

Endotoxln 
(EU/m3) 

2.0 

2.7 

29.0 

11.2 

8.5 

8.7 

12.6 

2.8 

2.5 

25.3 

20.2 

13.6 

10.0 

13.5 



For Information on Other 
Occupational Safety and Health Concerns -

Call NIOSH at: 
1-800-35-:-NJOSH (356-4676) 

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

Delivering on the Nation'• promise: • 
• Safety and health at work for all people 




