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PREFACE

TheHazard Eval uationsand Technicd Assistance Branch of NIOSH conductsfieldinvestigationsof possible
health hazardsin the workplace. Theseinvestigations are conducted under the authority of Section 20(3)(6)
of the Occupational Safety and Health Act of 1970, 29 U.S.C. 669(a)(6) which authorizes the Secretary of
Health and Human Services, following awritten request from any employer or authorized representative of
employees, to determine whether any substance normally found in the place of employment has potentially
toxic effects in such concentrations as used or found.

The Hazard Evaluations and Technical Assistance Branch also provides, upon request, technical and
consultative assistanceto Federal, State, and | ocal agencies; 1abor; industry; and other groups or individual s
to control occupational health hazards and to prevent rdated trauma and disease. Mention of company
names or products does not constitute endorsement by the National Institute for Occupationd Safety and
Health.
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SUMMARY

OnJuly 19, 1995, theNational Institutefor Occupational Safety and Health (NIOSH) received arequest fromthe
Centersfor Disease Control and Prevention (CDC), National Center for Infectious Diseases(NCID) for assistance
in investigating reports of increased respiratory illness among Boston Harbor Tunnel workers. During the
following week, NIOSH received Health Hazard Evaluation (HHE) requests from the Occupational Safety and
Health Adminigtration (OSHA), the Massachusetts Water Resources Authority (MWRA), two contractors, and
four labor organizationsto investigate theincidence of respiratory problemsamong tunnel construction workers
at thisproject. Because NIOSH was assisting NCID in an investigation of the problem described in the HHE
requests, action was deferred on these requests until NCID completed itsinvestigation.

From July 21 through August 7, 1995, NIOSH assisted NCID investigators. Epidemicintelligence Service(EIS)
OfficersfromNCID and NIOSH reviewed medi cal records, and devel oped amedical questionnairefor evaluating
thenatureand extent of respiratory illnessamong tunnel workers. Investigatorsfrom NCID and NIOSH met with
representatives of Boston City Department of Health and Hospital's, contractor management, MWRA, and the
unions. Investigators conducted awalk-through inspection of the tunnelson July 25 and 26, 1995.

Environmental information was collected to characterize the tunnels, tunnd ventilation systems, and
microbiological reservoirs. Information describing thetunnel s(size, construction, location, etc.), andwork areas
(locationswithin the tunnel, material sused, pollutant sources, etc.) wasincluded. Bulk and swab sampleswere
obtained from selected |ocations within the tunnel sto eva uate the nature and extent of microbial growth.

Anayss of bulk samples for total colony count and identification of bacteriaand fungi revealed reservoirs of
microbiological contamination; however, nothinginthe samplesappearsto havebeen related toinfectiousillness
or alergic-type responses among tunnel workers. Elevated concentrations of bacteriain bulk samples collected
inbothtunnel sindicatesthat conditionswerefavorab efor growthof Gram-negative, aswell asthe Gram-positive
bacteria.

Themedical investigationwaslimited by incompletemedical records, and poor responseto questionnaires. Only
132 (33%) of the 400 workers who received a Boston Department of Health and Hospitals questionnaire
responded; and only 78 (39%) of an estimated 200 Inter-Idand and Outfal Tunnel workers returned the
NCID/NIOSH questionnaire.

The tunnel workers respiratory illnesses appeared to represent a spectrum of clinica disease, and had no
identifiablecommon sourceor etiol ogy. Diagnhosesfrommedical recordsincluded other respiratory illnessessuch
as tracheobronchitis, sinusitis, otitis, and asthmain addition to pneumonia..




The tunnel workers respiratory illnesses appeared to represent a spectrum of clinica disease which had no
identifiable common source or etiology. A reliable estimate of the incidence of respiratory illness among
tunnel workers could not be determined; therefore, it is not known if the incidence of illness among these
workerswas greater than would have been expected among the general population.

No workplace health hazard was associated with respiratory illness among tunnel workers. Reservoirs of
bacterial and fungal growth wereidentified; however, nothing in the samples appearsto have been related to
reports of infectiousillness, or alergic-type responses.

Keywords: SIC 1622 (Bridge, Tunnel, and Elevated Highway Construction), bronchitis, flu, microbiological
contamination, pneumonia, respiratory illness.
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INTRODUCTION

On July 19, 1995, the Nationa Institute for
Occupational Safety and Health (NIOSH) received
arequest from the Centersfor Disease Control and
Prevention (CDC), Nationa Center for Infectious
Diseases (NCID) for assistance in investigating
reports of increased respiratory illness among
Boston Harbor Tunnel workers. During the
following week, NIOSH received Health Hazard
Evaluation (HHE) requests from the Occupational
Safety and Health Administration (OSHA), the
Massachusetts Water Resources Authority
(MWRA), two contractors, and four labor
organizations to investigate the incidence of
respiratory problems among tunnel congtruction
workers at this project. Because NIOSH was
assisting NCID in an investigation of the problem
described inthe HHE requests, action was deferred
on these requests until NCID completed its
investigation.

From July 21 through August 7, 1995, NIOSH
asssted in the NCID investigation. NIOSH
investigators met with representatives of Boston
City Department of Healthand Hospital s, contractor
management, MWRA, andtheunions. Investigators
from NCID and NIOSH conducted awal k-through
inspection of thetunnelson July 25 and 26, 1995.

Epidemic Intelligence Service (EIS) Officersfrom
NCID and NIOSH reviewed medical records, and
developed a medical questionnaire to evaluate the
natureand extent of respiratory illnessamongtunnel
workers, however, only 39% of an estimated
200 workerswho attended a July 23, 1995, Tunnel
Workers union meeting responded to the
gquestionnaire. Repeated attempts by the EIS
Officerstomeet withtheOperating EngineersLoca
4, and the International Brotherhood of Electrical
Workers Loca 103 (which represented 30% and
12% of the tunnel workforce, respectively), were
unsuccessful; therefore, workers in these unions
could not be contacted for distribution of the
gquestionnaire.  On August 7, 1995, NCID
representativesconcludedtheir investigationwitha
presentation of observationsand recommendations
a a meeting/teleconference held at the offices of
Boston City Health and Hospitals.

On August 9, 1995 NIOSH initiated an
investigationof theHHE requestsfollowingNCID's
determination that respiratory illness among tunnel
workersrepresented arangeof clinical diseasewith
no identifiable common etiology. On August 24,
1995, NIOSH investigators held an opening
conference which was attended by representatives
from management, MWRA, and union
representatives.

BACKGROUND

The Boston Harbor Tunnel Project involves the
construction of two tunnelsfor transporting sewage
effluent to and from a new sewage treatment plant
located on Deer Idand, inWinthrop, M assachusetts.
The Inter-Idand Tunnel, which will connect Nut
Idand with the sewage treatment facility, is
approximately 240 feet below sealevel, 17 feet in
diameter, and will be five miles long when
completed. The Outfal Tunnel originates at Deer
Idand, and will transport treated effluent for nine
miles beneath M assachusetts Bay, whereit will be
discharged into the bay through a system of
diffusers. The Outfall Tunnel isreported to be the
longest single-entry tunnel ever constructed.

Inter-Island Tunnel

A total of approximately 150 peopleworked in the
Inter-Idand Tunnd at thetime of thisinvestigation.
Themajority of theworkforcewaslocated at either
end of thetunnél, i.e., at the heading, or at the Deer
Island shaft. Of the 30 to 40 workerson each of the
three shifts, there were approximately 20 tunnel
workers(miners), 2-3 electricians, and 8 operating
engineers. Tento 12 tunnel workerswerelocated at
the tunne boring machine (TBM), with the
remainder working in support of the boring
operation. The engineers operated equipment
throughout the tunnel, which included the diesel-
powered locomatives ("loci") and cars that
transported equipment and personnel between the
shaft andthe heading; and excavated rock (" muck™)
from the TBM at the heading.

Mechanica ventilation brought air into the tunnel
through the Long Idand shaft, which is located
approximately midway aong the length of the
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tunnel. Thesupply duct wassplitintothemainline,
which supplied ventilation to the heading; and a
shorter, secondary linewhich supplied air between
Long Idand and the heading. Theflow from these
lines forced air to flow through the tunnel toward
Deer Idand, where it exited via the Deer Idand
shaft. Each of the supply ducts ("baglines") was
equipped with severa fansto maintain flow aong
thelength of the collapsblerubber duct. Themain
bagline was 42 inches in diameter, and the
secondary baglinehad adiameter of 36inches. The
baglines had been extended along the length of the
tunnel asthetunnel wasbored. 1t wasreported that
additional ventilation wasto be provided through a
third shaft when the tunnel reached Nut Idand.

Town water was piped to the heading whereit was
usedinthewet scrubber, and for dust suppressionat
theface. Airwasdrawnthroughthewet scrubber to
remove dust generated by the TBM. When the
TBM was operating, water wasreportedy supplied
continuously to the scrubber and was not
recirculated. (Thescrubber drainedintotheinvert.)
Airfromthe scrubber wasexhausted intothetunnel
in the direction of the Deer Idand shaft.

Outfall Tunnel

Of theapproximately 150 employeeswhoworkedin
the Outfall Tunnel on al shifts, 80 to 90 were
tunnel workers (miners), 50 to 60 operating
engineers,and approximately 6 areelectricians. The
majority of workers were located a the shaft,
heading, and grouting operations. Groutingoccured
at two rail switches known as the Colorado and
Cdliforniaswitches. Asinthelnter-lIdand Tunnel,
personnel and equi pment were transported through
the tunnel on a diesdl-powered train; however,
unlike the Inter-Idand Tunnel, muck was removed
by aconveyer.

TheOutfall Tunnd isapproximately 330feet below
sealevel. Thetunnd islined with precast concrete
sections which were assembled at the heading to
form rings approximately 24 feet in diameter, and
5 feet long. Sanded grout (a mixture of sand,
cement, and water) was pumped into the space
betweentheringsandthetunnel wall. Sanded grout
was batched on the surface, and was pumped to the
tunnel where it was transported in agitator cars to

theCdliforniaswitch, approximately 3000feet from
theheading. Neat cement (containing no sand), was
dry-batched at the Colorado switch, and was
pumped behind the concrete lining to control the
flow of water into the tunnel.

The ventilation system was designed to provide
approximately 60,000 cubic feet of air per minute
(cfm). The system included a chiller for removing
moisturefromintakeair, and abagline that extends
to the heading. Air wasdischarged at the heading,
and flowed through the tunnel to the Deer Idand
shaft. Town water wasused for dust suppression at
the TBM. An air cleaning system, equipped with
bag filters, was used to remove airborne dust
generated during tunnel boring. The air from this
system discharged at the TBM trailing gear.

METHODS

Medical Evaluation

NCID and NIOSH investigators defined a case as
theoccurrenceof aninfiltrate on achest radiograph,
with oneof thefollowing: fever, cough, wheezing,
or difficulty breathing. 1t was suspected that those
persons who had been diagnosed with pneumonia
would have received the most thorough evauation
and would, therefore, be most likely to have an
etiologic diagnosis.

NCID and NIOSH invedtigators examined all
available medical records of tunnel workers who
reported respiratory symptomsof dry or productive
cough, fever, wheezing, or difficulty breathingfrom
June 1, 1994, through July 15, 1995, on
questionnaires administered in June 1995 by the
Boston Department of Healthand Hospitals, and by
the NCID/NIOSH investigation team on July 23,
1995. A detailed description of medical evaluation
methodsduring thisinvestigationispresentedinthe
EPI-Aid Trip Report which has been included in
Appendix A.

Environmental Evaluation

Information was collected to characterize the
tunnels, with emphasis on the ventilation systems,

Health Hazard Evaluation Report No. 95-0331 & 95-0334
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microbiological reservoirs, and other conditions
which could contributeto respiratory illnessamong
tunnel workers Descriptive information for the
tunnels(size, congtruction, location, etc.), and work
areas (location within the tunnel, materials used,
pollutant sources, etc.) were included. Swab and
bulk samples (liquid and solid) were obtained from
selected locations within the tunnels to evaluate
microbiologica contamination. The sampleswere
packed in a cooler within an hour after exiting the
tunnel, and were shipped overnight to alaboratory
where they were analyzed for tota count and
speciation of fungi and bacteria. Bacteria were
identified using the Microlog Microbid
Identification System (Biolog, Hayward,
Cdifornia). The purpose of the environmental
evd uationwasto ascertainwhether microbiol ogical
contamination might be associated with the
incidence of respiratory illness fitting the case
description.

EVALUATION CRITERIA

Microbial Contaminants

Microorganisms (including fungi and bacteria) are
normal inhabitants of the environment. The
saprophytic varieties (those utilizing nonliving
organic matter as a food source) inhabit soil,
vegetation, water, or any reservaoir that can provide
an ample supply of anutrient substrate. Under the
appropriate conditions (optimum temperaure, pH,
andwithsufficient moistureand availablenutrients)
sgprophytic microorganism populations can be
amplified. Through various mechanisms, these
organisms can then be disseminated as individual
cells or in association with soil/dust or water
particles. Inthe outdoor environment, thelevel sof
microbial aerosols will vary according to the
geographic location, climatic conditions, and
surrounding activity.

Someindividuals manifest increased immunologic
responses to antigenic agents encountered in the
environment. These responses and the subsequent
expression of alergic diseasearebased, partly, ona
genetic predisposition.” Allergic diseasestypically
associated with exposures in indoor environments
include dlergic rhinitis (nasal dlergy), alergic

asthma, dlergic bronchopulmonary aspergillosis
(ABPA), and extrinsic alergic alveolitis
(hypersenstivity pneumonitis).” Allergicrespiratory
diseases resulting from exposures to microbial
agents have been documented in agriculturad,
biotechnology, office, and home
environments,>+°7:8910

Individual symptomatol ogy varieswiththedisesse.
Allergic rhinitisis characterized by paroxyams of
sneezing; itching of the nose, eyes, palate, or
pharynx; nasal stuffinesswithpartia or total airflow
obstruction; and rhinorrhea (runny nose) with
postnasal drainage. Allergicasthmaischaracterized
by episodic or prolonged wheezing and shortnessof
breathinresponsetobronchia (airways) narrowing.
Allergic bronchopulmonary aspergillosis is
characterized by cough, lassitude, low-gradefever,
and wheezing*** Heavy exposures to airborne
microorgani smscan causean acuteformof extrinsic
alergic aveolitiswhich is characterized by chills,
fever, malaise, cough, and dyspnea (shortness of
breath) appearing four to eight hoursafter exposure.
In the chronic form, thought to be induced by
continuousl ow-leve exposure, onset occurswithout
chills, fever, or malaise and is characterized by
progressive shortness of breath with weight loss.”

Acceptablelevel sof airbornemicroorganismshave
not been established, primarily because alergic
reactions can occur even with relativdy low air
concentrations of alergens, and individuals differ
with respect to immunogenic susceptibilities. The
current drategy for on-dte evauation of
environmenta microbia contaminationinvolvesan
ingpection to identify sources (reservoirs) of
microbial growth and potentia routes of
dissemination. In those locations where
contamination isvisibly evident or suspected, bulk
samples may be collected to identify the
predominant species (fungi, bacteria, and
thermoactinomycetes). In limited Stuations, air
samplesmay be coll ected to document the presence
of asuspected microbia contaminant. Air sample
results can be evauated epidemiodogicaly by
comparingthosefromthe"complaintareas’ tothose
fromnoncomplaint areas, or by relating exposureto
immunologic findings.

Bacterial Endotoxin
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A Dbacterial endotoxin is a lipopolysaccharide
compound from the outer cel wall of
Gram-negativebacteria, which occur abundantly in
organic dusts® It has been shown that the
biologica properties of endotoxin vary depending
upon the bacteriad species from which they are
derived, aswell asuponthestateof thegrowthcycle
of the bacteria™* Endotoxins have awide range of
biologica activities involving inflammatary,
hemodynamic, and immunological responses. Of
most importance to occupationa exposuresarethe
activities of endotoxin in the lung.”* The primary
target cell for endotoxin-induced damage by
inhalation is the pulmonary macrophage. Human
macrophages in particular have been shown to be
extremely sengitive to the effects of endotoxin in
vitro.'® Endotoxin, either solubleor associated with
particulate matter, will activate the macrophage,
causing the cell to produce a host of mediators.”

Clinicdly, little is known about the response to
inhaled endotoxins.  Exposure of previoudy
unexposed personsto airborne endotoxin can result
in acute fever, dyspnea, coughing, and small
reductions in forced expiratory volume in one
second (FEV,), dthough some investigators have
not been able to demonstrate acute changes in
FEV,.” Theeffectsof repeated exposuretoaerosols
of endotoxins in humans are not known. Some
anima studies have demonstrated a chronic
inflammatory response characterized by goblet cell
hyperplasiaandincreased mucousproduction. This
suggests that repeated exposure may cause a
syndrome similar, if not identicd, to chronic
bronchitis.”®

Occupational exposure criteria have not been
establishedfor bacterial endotoxinby either OSHA,
NIOSH, or ACGIH. However, Jacobshasreported
that a sufficient toxicologica databaseisbelieved
to exist for establishing an occupational limit for
endotoxin based on acute changes in pulmonay
function.™ Eight-hour (8-hr) TWA concentrations
have been suggested for over-shift declinein FEV,
(100 - 200 nanograms of bacteria endotoxin per
cubic meter of air [ng/m’), for chest tightness
(300 - 500 ng/m’), and for fever (500 -
1,000 ng/m?).*

An 8-hr TWA threshald for airborne endotoxin of
10ng/m® hasal so been suggested based onadecline
in FEV, for individuals sensitized to cotton dust.”
The exposure system for the study from which this
recommendation was made conssted of a
commercia carding machine in a cardroom, an
exposure room, and connecting duct work.
Airbornedust concentrationsweredeterminedinthe
exposureroom using four vertica elutriators.” The
vertical eutriator has traditionaly been the
instrument of choice for cotton dust sampling
because it will not collect cotton fly lint fibersand
dugt particles with an aerodynamic mass media
diameter larger than 15 um.*

RESULTS
Medical

The medical investigation was limited by the low
guestionnaire response rate, and by incomplete
medical records. Only 132 (33%) of the
400 workerswho received a Boston Department of
Health and Hospitd s questionnaire responded; and
only 78 (39%) of an estimated 200 Inter-15land and
Ouitfall tunnel workersreturned the NCID/NIOSH
gquestionnaire. The NCID/NIOSH questionnaire
was digtributed at a July 23, 1995, union meeting
called by the Tunnel Workers' Union, Local 88, to
discuss hedth concerns.  The distribution of
guestionnairesat thismeeting may haveintroduced
areporting biasintothe casefinding, sinceworkers
who had experienced respiratory illness may have
been overrepresented at the meeting.

Thetunnd workers respiratory il Inessesappearedto
represent aspectrum of clinical disease, and had no
identifiablecommon sourceor etiology. Diagnoses
from medica records included other respiratory
illnesses such as tracheobronchitis, Snusitis, otitis,
andasthmainadditionto pneumonia. Most patients
had been treated empiricdly with antibiotics. A
detailed description of medicd evauationresultsis
presentedintheEPI-Aid Trip Report (see A ppendix
A).

Environmental
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Inter-Island Tunnel

On July 24, 1995, NIOSH investigators
accompanied representativesof NCID, and various
State agencies on an evaluation of thetunnel. The
evduation consisted of atrain ride to the heading,
with periodic stops to observe conditions in the
tunnel.

Saline water permeated the unlined tunnel wall in
many areas, and rained into the tunnel. Sheets of
"panning” werefastened to thetop and sides of the
tunnel todivert thewater tothe bottom of thetunnel
(the"invert") wherethe water flowed continuously
to pumps to remove it from the tunnel. Although
panning helped to create a drier environment,
workershad towear rubber bootsand full raingesr.
The depth of invert water ranged from
approximately 6 inchesto more than 12 inches.

Air velocity measurements taken within the tunnel
indicated aflow of 250to0 300 feet per minute(fpm)
a station 50 (5000 feet from Deer Idand). Theair
temperature was approximately 58°F and the
relative humidity was 85%. The air velocity
between the TBM trailing gear and the loci was
generaly less than 50 fpm. The TBM was not
operating during thisvisit.

On September 13, 1995, the NIOSH industria
hygienist conducted a walk-through inspection of
the entiretunnel, from the heading to thetail shaft.
Thebaglinewasinspectedinresponsetoreportsthat
it became distended with water; and that holes had
to be cut in the line to release the water so that the
loci and train could passbeneath. During thewalk-
through, small punctures were made at several
locations where it appeared that the bagline might
contain water; however, al but the two locations
identified in Table 1 were dry. No areas were
observed which appeared to be grossly distended.

Duringthe September visit, water and swab samples
werecollected fromlocationswhich appeared to be
favorablefor microbiological growth. Asshownin
Tablel, bacteriaweremoreprevalentinthesamples
than were fungi; and Gram-postive bacteria
(probably soil bacteria) predominated in most
samples. However, water obtained from the
secondary bagline(sample#10) contained extensive

concentrations of two Gram-negative species, as
well as Cladosporium (fungus); and yeasts were
found in high concentrations in the main bagline.
The scrubber, which was not operating at thistime,
contained approximately eight inches of water. No
dudge or residue was observed in the sump.

Outfall Tunnel

On July 26, 1995, NIOSH and NCID investigators
were transported to the heading. The visit was
conducted inthe samemanner asthe earlier visitto
the Inter-Idand Tunnel. The train stopped at
switches and other locations so that investigators
could observe conditionsin the tunnel.

During this visit, a representative from the
M assachusetts Attorney Genera's Office obtained
one 4-hour air sample which was analyzed for
endotoxin and totd particulate. The sample was
obtained usingapersonal sampling pump, whichthe
Attorney Generd's representative wore throughout
thetunnel visit. Analyssof the sampledetermined
the air concentration of endotoxin in the Quitfall
Tunnel to be 0.35 ng/m*, and tota particulate,
0.88 milligramsper cubic meter of air (mg/m?°).

On September 12, 1995, bulk sampleswereobtained
from the Turbofilter and a bagline valve (Table 2).
Sample#1 consisted of dust obtained from the bag
filters used to capture dust generated by the TBM
(Turbofilter). Sample#2 consisted of avery small
piece of solid material that blew out of the bagline
valvewhen thevalvewasopened. Thebaglinewas
dry a the vave, and at rings 4074 and 7359 where
puncturesweremadein thebaglinein an attempt to
obtain water samples. With the exception of
locationswheretherewere ladders, or other means
to reach the bagline, the bagline was not accessible
for sampling.

DISCUSSION

Analyssof bulk sasmplesfor total colony count and
identification of bacteria and fungi reveaed
microbiol ogical contamination; however, nothingin
the samples appears to have been related to
infectiousillness or allergic-type responses among
tunnel  workers. The mere presence of
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microbiological contamination is not sufficient to
establi sh an associ ation between the contamination,
and health complaints which may have involved
responsesto airborneallergens. Air sampling data,
supported by apositive skintest to specificbacteria
or fungi identified during air sampling, would be
needed to establish such an association.
Unfortunately, immunologic data could not be
obtained for the tunnel workers.

Elevated concentrationsof bacteriain bulk samples
collected in both tunnels indicate that conditions
were favorable for growth of Gram-negative
bacteria, aswell asthe Gram-poditive bacteriathat
predominatedinmost samples. Despitetheabsence
of air sampling data, elevated bacteria countsin
bulk samples obtai ned from the scrubber sump and
baglines in the Inter-lIdand Tunnel; and the
TurbofilterintheOutfall Tunnel, indicated theneed
for effective preventive maintenance to eliminate
thesesourcesof potentia exposure. Althoughfungi
appeared to present alesser risk in the tunnels the
presence of a high concentration of yeast in the
Inter-Idand Tunnel bagline should be noted. The
significance of the high colony count in sample #2
(Outfal Tunnel, bagline valve) is not clear, due to
the very small samplesize.

The retrospective review of medical records was
limited by incomplete laboratory diagnodic testing
of the pneumonia cases, which did not enable

investigators to determine a specific etiology for
respiratory illnessamong tunnel workers. Itwasnot
possible to distinguish between the incidence of
communicableillnessinthecommunity, workplace
bronchitis, and other upper respiratory symptoms.

The limited nature of information that could be
extracted from medical recordswas exacerbated by
thepoor responseof workersto repeated attemptsby
investigatorsto administer amedical questionnaire.

CONCLUSIONS

The tunnel workers respiratory illnesses appear to
represent a spectrum of clinica disease which had
no identifiable common source or etiology. A
reliable estimate of the incidence of respiratory
illness among tunnel workers could not be
determined; therefore, it is not known if the
incidence of illness among these workers was
greater than would have been expected among the
general population.

No workplace health hazard was identified which
appeared to be associated with respiratory illness
among tunnel workers. Reservoirsof bacterial and
fungal growthwereidentified; however, nothingin
the samples appeared to be related to the reports of
infectiousillness, or allergic-type responses.
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Table 1. Inter-Island Tunnel, Bulk Samples.

Total Total
Fungi Bacteria
Sample # Location Type (CFU/ml)'  Identification (CFU/ml or swab)'  Identification Gram Stain
10 Penicilli 22,000  Curtobacterium citreum +
6 scrubber sump liquid 10 Ve}}f;czﬂl un 15,000 Clavibacter michiganese +
ericitium 2,000 Curtobacterium flaccumfaciens +
6,200 ydlow Gm- rod, cat+ , ox- -
7 fresh water feed, 234+ 90 liquid nd 5000 whiteGm- rod, cat+ , ox+ -
500 Flavobacterium gleum -
nd 30  Curtobacterium citreum iz
8 insde bagline, 160+ 60 swab 30 Clavibacter michiganese +
20  Curtobacterium flaccumfaciens +
180  Cladosporium
bagline drainage, - 10  Aspergillus niger . o
9 116+ 15 liquid 10 Penicillium 230,000  Clavibacter michiganese +
200,000 Yesst
10 bs?&rg?;abgie liuid 2,400 Cladosporium 500,000 Acinetobacter radioresistens -
’ d 200  Penicillium 400,000 Xanthomonas campestris =
103+ 20
! Colony forming units per milliliter of liquid, or swab. The limit of sensitivity was 10 CFU/ml or swab.
nd = none detected.
Table 2. Outfall Tunnel, Bulk Samples.
Total Total
Fungi Bacteria
Sample # Location Type (CFU/g)' Identification (CFU/g)'  Identification Gram Stain

. 3,000 Aspergillus fumigatus 3,200,000  Bacillus cereus +
L ULl g 300 Cladosporium 200,000 CDC Group EO-2 =
. . . 220,000 Cladosporium 1,500,000 ydlow-greenrod, cat+, ox- -
2 Bagline valve, ring 43 solid 200,000  Fusarium 80,000 Curtobacterium flaccumfaciens +

! Colony forming units per gram of sample.
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BACKGROUND

From April through June 1995, local physicians reported an increase of respiratory illness
among workersfrom the Boston Harbor Project, Deer Island tunnels. This project consists of two
long, deep tunnel s being bored beneath Boston Harbor to carry sewageto the Deer I sland Sewage
Treatment Facility for processing and disposal in the Atlantic Ocean (Fig. #1). The labor force
consistsof membersof threeunion groups:. tunnel workers, electricians, and engineers. Thelnter-
Island Tunnel will be approximately 300 feet deep, 17 feetwide, and 5 mileslong, carrying sewage
from the South Shore areato Deer Island. It iscool and damp since the seawater-impermeable
concretelining will not be applied to thewallsuntil October 1995. The Outfall Tunnel, whichwill
carry treated sewage out to sea,isnow 8 mileslongand 30 feetin diameter and will be9 mileslong
at completion. Itisamuch drier tunnel, partly becauseit is 100 feet deeper, but also becauseitis
seal edwith aconcreteringand grout applied directly behindthetunnel boring machine. Theproject
was initiated in 1991, with completion expected in 1998.

In June 1995, the Boston City Department of Health and Hospitals investigated reports of
respiratory illnessin tunnel workers by administering a questionnaire to approximately 400 Deer
Island tunnel construction employees, inquiring about fever, cough, wheezing, or difficulty
breathing over thepreviousyear. A total of 132 personsfromall job categoriesresponded, and 100
of thesereported that they had had arespiratory illnessduring thelast year. Boston Department of
Health and Hospitals reviewed records by telephone of those who responded that they had seen a
physician.



On July 14 the M assachusetts Department of Public Health and the Boston Department of
Health and Hospitals requested CDC assistanceto investigate this possible increasein respiratory
ilInessamong thoseworkers. The Emerging Bacterial and Mycotic Diseases Branch, Division of
Bacterial and M ycotic Diseases(DBMD), National Center for | nfectiousDisease (NCID), requested
National Institute for Occupational Safety and Health (NIOSH) involvement sincetherespiratory
illnesswasreported to beoccupationally-related. Emily M. McClure,M.D., M .P.H.,and David A.
Ashford,D.V.M.,M.P.H., EISFellows, and Annie Kao, ASPH intern, traveled to Boston on July
20. They werejoinedon July 21 by David C. Sylvain,industrial hygienist with theBostonregional
NIOSH office, and on July 22 by Mary E. Brown, D.V.M., M.P.H., EIS Fellow at NIOSH,
Cincinnati. The team was joined on July 25 by Udo Buchholz, M .D., visiting NCID Fellow.

The objectives of the investigation were to determine the nature and etiology of the
respiratory illness affecting workers; to attempt to identify a common infectious source for this
illness, if any; and, based on these findings, to develop prevention strategies.

METHODS

Case Definition

We defined acase asthe occurrence of one of thefollowing in aworker on the Deer Island
Tunnel Project: aninfiltrateon chest radiograph, with oneof thefollowing; fever, cough, wheezing,
or difficulty breathing. We suspected that those personswho had been diagnosed with pneumonia
would havereceived themost thorough eval uation and woul d, therefore, be most likely to havean
etiologic diagnosis.

Case Finding and Ascertainment

For case finding, we examined all available medical records of tunnel workers reporting
respiratory symptomsof dry or productivecough, fever, wheezing, or difficulty breathing from June
1, 1994, through July 15, 1995, on questionnaires administered in June 1995 by the Boston
Department of Health and Hospitalsand by theNCID/NIOSH investigationteam on July 23, 1995.

In June 1995, the Boston Department of Health and Hospitals (BDHH) had distributed a
guestionnaireat Deer | sland askingworkerswhereand for how longthey workedinthetunnel, and
whether they had respiratory symptoms during the preceding 12 months. The NCID/NIOSH
investigation team obtained records for those patients found on follow-up from the BDHH
guestionnaire to have had a chest radiograph taken.

On July 23, theinvestigation team attended a meeting of the Tunnel Workers Union Local
#4, where 78 of the approximately 150 union members present completed an NCID/NIOSH
guestionnairethat attempted toidentify thosewho had devel oped any respiratory ilinesssince April
1, 1995. The 53 personsreporting respiratory symptoms were contacted by telephone to collect
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more detailed information on their iliness and to identify their medical provider during their
respiratory illness. These patientswere al so asked whether they had had achest radiograph for their
reported respiratory illness. Hospital and clinic charts were requested and reviewed by the
NCID/NIOSH investigators. Data were collected on a standard form and included findings on
physical examination, medical and smoking history, laboratory findings, and type of work task
performed.

RESULTS

Health and Hospitals Questionnaire

Of the 132 respondents to the Health and Hospitals questionnaire, 100 reported having a
respiratory illnessbetween June 1, 1994, and May 31, 1995. Inthelast year, 61 of 100ill reported
trouble breathing, 97 reported cough, and 54 reported sputum production. Physicians were
consulted by 70 of the 100 ill workers for these respiratory symptoms,

NCID/NIOSH questionnaire

Of the 78 respondentsto theNCID/NIOSH questionnairedistributed tothe Tunnel Workers
Local #4 on July 23, 1995, 53 reported that they had experienced arespiratory illnesssince April
1, 1995. Four personsstated that they had beenill only duringthe previousweek, 19 said that they
had arespiratory illnessbetween April 1, 1995 and July 15, 1995, and 30 said that they had been
ill several times or continuously since April 1, 1995.

Of the 50 who supplied contact information, 30 said that they had seen aphysician for the
respiratory illness, 18 had not seen a physician, and two could not recall whether or not they had
seen a physician for respiratory problems. Four of the 19 pneumonia cases were identified by
responsesto this questionnaire.

Boston Department of Health and Hospitals, CDC combined guestionnaire results

Wereviewed 62 recordsof thosewho said that they had been diagnosed with pneumoniaor
received a chest radiograph since June 1994, as reported from either the BDHH or CDC
guestionnaire. Of these62 workerswho stated they had seenaphysi cianfor respiratory complaints
suggestive of pneumonia, 17 did not have achest radiograph taken, 21 had anegative radiograph,
and 19 had infiltrates diagnostic of pneumonia. Five patients radiology reports were not readily
available.

Those 17 who did not have achest radi ograph were diagnosed with bronchitis (5), sinusitis
(5), otitis media (3), viral infection (3), and allergies (1). Of the 21 who had a chest radiograph
without reported pneumonia, 16 were diagnosed with bronchitis, five with otitis media, fivewith
sinusitis, three with viral upper and lower respiratory infection, one with a bacterial upper
respiratory infection, onewith silicosis pneumonitis, and onewith asthma. Some patientshad more
than one diagnosis. Radiology reports were not readily available for five persons.



Eighteen personsmet the case definition. Agesof patientsranged from 27 to 53 years, and
all were male. One patient developed pneumonia following blunt chest trauma and was not
considered acase. Of theother 18, nineworked in thelnter-Island and ninein the Outfall Tunnel.
Ten patientsspent most of their workday near thetunnel boring machine, twoat ground level, three
in the mid-shaft area and other sites, and three had no job sitereported. Inthe 11 casesin which
smoking history was known, six casesof pneumoniaoccurredin personswith aknown history of
smoking, fivein personswho had never smoked.

Ninecasesof pneumoniaoccurredamong 303 workersinthelnter-1sland Tunnel, foral3.5
monthincidencerateof 3.0 %. Ninecasesoccurredin431 Outfall Tunnel workers, for anincidence
rate of 2.1%. There was no clustering of casesby tunnel (Interlsland vs. Outfall) or by onset date
(Fig. #2).

Laboratory Findings

L aboratory specimenswere submitted for 12 patients meeting the case definition. None of
the 18 pneumoniacases meeting the case definition had an etiol ogic agentidentified. Two patients
submitted sputum cultures, which were negative. One patient had negative blood cultures.
Legionella antigen tests were performed in three cases and were negative. Two patients had
moderately elevatedtitersto M ycoplasmain acute phase serum sampl es, but no conval escent phase
serawere obtained to confirm the diagnosis. No other serologic tests were performed.

Discussion

Thetunnel workers' respiratory illnesses appear to represent a spectrum of clinical disease
and have no identifiable common source or etiology. Diagnoses from medical recordsincluded
other respiratory illnesses such as tracheobronchitis, sinusitis, otitis, and ashma in addition to
pneumonia. Most patients were treated empirically with antibiotics.

This investigation was limited by the low response rate to our questionnaires and by
incomplete medical records. Of the 400 workers who received a Health and Hospitals
guestionnaire, only 132 (33%) responded, and only 78 (39%) of the estimated 200 I nterl sland and
Outfal Tunnel Workers Union membersreturned the NCID/NIOSH questionnaire. The July 23,
1995, meeting of the Tunnel Workers Local #4 was called to discuss health concerns on the
worksite. Those attending the meeting and responding to the NCID/NIOSH questionnaire
distributed theremay havebeenthosewho had experienced respiratory illness, possibly introducing
a reporting bias into the initial case finding. The attack rates per tunnel, therefore, cannot be
interpreted with certainty.

Despite repeated attempts to meet with the engineers and el ectricians unionswho make up
approximately 30% and 12% of the tunnel workforce, respectively, we were not able to distribute
theNCID/NIOSH questionnaireto theseunions, probably resultinginunderreportingof respiratory
illnessamong workersin these groups. Recall of respiratory ilinessof al types might have been
greater for those becoming ill most recently.

CONCLUSIONS AND RECOMMENDATIONS



Our retrospective review of available medical records could not determine a specific
infectious etiology for the respiratory illness. Our anaysis of the medical records for
epidemiologic purposes was limited by the incomplete laboratory diagnostic testing of the
pneumoniacases. Itisimportant to note that diagnostic eval uationsappropriate for epidemiologic
or surveillance purposes may differ from those appropriate for individua medical care and
treatment of illness. There was no clustering of casesin time or by tunnel. Prospective eval uation
using astandard data collection protocol would be more useful for determining the exact nature of
thisillness and possibly identifying an etiologic agent.

W eagreewith therecommendation of theBoston Department of Health and Hospital sl etter
of August 1, 1995, that cooperation of labor, management, and government authoritiesisessential
for the success of all phases of this surveillance effort.

Werecommend that top management from thegovernmental agencies, contractors, and the
unionsparticipatefully inthecritical components of thesurveil lance effort put forth by the Boston
City Department of Health and Hospitals. All parties should have involvement in decisions on
appropriate interventions affecting employees with respiratory symptomsin the tunnels.

Management should provide specific education and information to the employees at the
tunnels regarding recognition of respiratory symptoms and the importance of early reporting of
symptoms. Workers complaining of cough, fever, difficulty breathing, or wheezing should be
identified as soon as possible through self-referral on thejob site. They should be evaluated in a
timely manner by a health care provider familiar with occupational health issues, particularly
respiratory conditions, and, if possible, tunnel or mining hazards. We recommend that an
occupationa, medical, and smoking history betakenat thisinitial visit. All personswith pneumonia
should be evaluated with a chest radiograph and sputum gram stain and culture (if a productive
coughispresent). They should haveserum samplescollected (both acute- and conval escent-phase)
for further serologic testing. The data collection form (see addendum) used by the investigation
team for chart review should be strongly considered for use for prospective surveillance and case

reporting.

When this surveillance system isimplemented, we will beinterestedin assiging all parties
intheinterpretation of dataand devel opment of astrategy for prevention of respiratory illnessinthe
workers.

NIOSH hasresponded to requests for aHeal th Hazard Eval uation from Deer Island tunnel
workers and is currently collecting data for environmental analysis. Should any NIOSH assays
suggest that infectious agents are ahazard in the Deer Island tunnels, NCID will resume itswork
on thisinvestigation.

Emily McClure, M.D., M.P.H. Mary E. Brown, D.V.M., M.P.H.
EIS Fellow EIS Fellow
National Center for National Institute for
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