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ABSTRACT

Researchers from the Nanonal Inshiote for Occupanonal Safety and Hlealth (NTOSTH)
conducted evaluations of a Ventlation and Filtration System (VFS) for the United States
Postal Service’s Debvery Bar Code Sorer (DBCS) The VFS was designed by the
manufacturer of the DBCS to reduce operator exposure fo any potentally hazardous
contarmnants emitted from letter mail during normal mail processing  Evaluations were
conducted at the Dulles, Virginia Processing and Distnimnon Center (P&IXC) on December
13, 2002

Evaluations wete based on a vagety of tests including air velocity measuremments, smoke
telease observatons and tracer £4S CYXPETIMCNeS T esting indicated che follownng regardmg

DBCS locatons targeted by the VES

& Smoke observauons indicate that the VS 15 highly effective ar cuptunng potential
conramunants at all Stacker Modules except at the far-oght end

*  Some smoke escapes at the far-right side of rhe Stacker Modules when large amounts
of smoke are introduced This situation could be easily improved by attachung a
panel to the npght hand side of the Stacker Modules

® The caprure of the VF3 at the Feeder Table and Jogger Module 1s good along the
intake slot

®  Smoke generated at about 11 inches away from the slots (location of envelope
comer) takes much lenger to become entrammed mro the VES

» ‘I'he VFS was effective at capruring smoke at exposed locations of the Feeder
Module

* At the Jogger Module and Feeder Table, TG capture cfficiencies as Iow as 77% were
recorded at locations representing envelope corners away from the ineake slot

» At the Jogger Module and Feeder Table, TG caprure was bughly vanable, ranging
from about M to 100% capture efficiency

» Arthe Jogger Module and Feeder “Iable, arr velocines were consistently low ar
locations away from the mtake slot These measurements remtorce resules from TG
expernmentation and smoke release observations

Based on these results and others discussed in thas repart, the following recommendations
are suggested regarding the VFS

* Tt1s recommended thar a panel be attached ro the nghr hand side of the Stacker
Modules

» It1s also recommended that the VES be modified so that there 1s higher contaminant
capture capabibicy at pownts corresponding to the corners of letrers that are not
adjacent to the VI'S intake slots at the Feedet Table and Jogger Module



INTRODUCTION

The Natonal Insttute for Occupational Safety and Health (NIOSH) 15 located 1n the
Centers for Disease Control and Preventon (CDC), within the Department of Health and
Human Services NIOSH was established 1y 1970 by the Occupatonal Safety and FHealth
Act at the same nme thar the Occupanonal Safety and Health Admumstranon (OSHA) was
cstablished m the Department of Labor {DOL)  The OSHAct lepislanon mandated NIOSH
10 conduct research and educanon programs separate from the standard-setung and
enforcement functons conducted by OSHA  An wnportant area of NIOSH research deals
with methods for controlling occupational exposure to potential chemical and physical
hazards

The Engmeenng and Physical Hazards Branch (E1I?’HB) of the Dhvision of Applied Research
amxl Technology (DART) has been gven the lead withm NIOSH to study and develop
engineeruly conrols and assess thewr impact en reducig occupational dliess  Since 1976,
EIHB {and its forerunnet, the Engineering Contrel and Technology Branch) has conducted
a large number of studies to evaluate engineering control technology based upon mdustry,
process, or control techmuque The objective of each of these studies has been to evaluate
and docoment control technigues and to determine the effectiveness of the control
rechmigues m reducing potennal health hazards in an mdustey or for a specific process

This report 18 one of a series describing evaluanion of controls that are being developed by
the United States Postal Service (USPS) to prevent the release of contammants mio the work
area of postal emplovees A number of mail processing machunes are being considered for
ventilation conrrols TIPHBE researchers were requested by the TISPS to cvaluare rhe
petformance of the Ventlation and Fdwaaon System (VI'S) on the Delvery Bar Code Sorter
(DBLS)

BACKGROUND

Researchers from NIOSIT were requested to assist the USPS m the evaluaton of particulate
controls for vanons pieces of mail-processing equipment as a part of the USPS Emergency
Preparedness Plan (EPP) ' The EPP was unplemented to prevent future biologiesl attacks
and stem their possible effects  Measures planned focus on a vanety of 1ssues mncluding
deployment of vacuum/ fltranon technology on automated sortng equipment This new
technology 1s being 1nstalled to reduce operator exposure to any potentally hazardous
contamnants emiteed from letrer mail dunng normal mail processing  NIOSH researchers
have subsequently made several tups to Washington, DC area postal facihues to cbhserve
mal-processing machinery in operation and to study the effectiveness of the newly designed
controls

The paracular control evaluated m this report is a VIS, destgned and mstalled by the DBCS
manufacturet to reduce operator exposute to potenttal biological or chemucal contaminants
contamed in the madl The VIS was evaluated at the Dulles, Virgima Processing and
Dnstabuuon Center (P&IDC) on December 13, 2002



HAZARDS TO POSTAL EMPLOYEES

The hacterium bacillus anthracis 1s a spore-forming bactetinm, with spores typically 1 the
stze range 1-5 pm Ihscase caused by anthrax matfests i one of three ways mnhalanonal,
cutaneous, and gastrowntesnnal " Cases resultng from terronst attacks i which anthrax
spores have been sent by mail to a U'S Senator and to media offices have been both
inhalatonal and cutaneous  The cutanesus form of the discase gencrally develops 2-5 days
following exposure and 15 usually successfully treated with annbiotics The onset for the
mnhalational form 13 cyprcally 1-6 days after exposure and has a ligh fatality rate even wath
appropriate treatment  Exposure to anthrax spores by postal employees working m a mail
processing facility that serves the US Capual resulted 1n inhalanonal disease in several of
the wotkers ™ One potental ares of exposure 1s the automated mail processimg equipment
used to sort meoming mait  As the mail passes through the cquipment, it 13 compressed and
impacted i a number of places that could cause the release of substances from the mail

DESCRIPTION OF EQUIPMENT

'The DBCS 15 2 multdevel, hugh speed har code sorter capable of processing har coded
matlpteces at an average rate of 35,000 mailpieces per hour This equspment can process
mail benween the dimensions of 3 5 inches by 5 mnches and 6 125 inches by 11 5 inches ©
The DBCS unit that was retroficted with a VFS consisted of 2 Jogger Module, Feeder Table,
Computet System, Feeder Module, Transport Module, Reader Module and mulnple Scacker
Madules  Observed treatmenr of the mail through the system 15 descnbed below A
schemanc of the TXBCS 15 shown in Thgure 1

»  Contamers full of mad are taken from a large marerial handling cart behind the
operator and placed or dumped onto either the Jogger Module or the Fecder 'I'able
The putpose of the Jogger Moduie 15 to sertle the mail into the best pasinon for
accepiance by the Feeder Module  An on-off swntch, contrelled by the worker,
operates the Jogper Module The Jogger Module is somenmes bypassed when the
mail 1s already well ottented for imntake 1nto the Feeder Module

o Tollowing the Jogger Module 15 a Feeder Table, which serves as a buffer for mail
moving into the Feeder Module

» The Feeder Module 1s che first place at which mailpieces are conveyed through pinch
rofiers [t 15 here that the preatest potenual exusts for discharge of dust mto the
ambient air, as mechantcal forces of the pmch rollers can be as much as 22 pounds

* From here mai s avtomatically conveyed o the Reader Module by means of the
Transfer Module The Reader Module collects address data for routing of mail to
the Stacker Modules Both of these modules incorporate moving beles, rollers and
toute-switching gates to control mail movement

*  Once mail has been conveved to the Stacker Modules, it 1s fed into individual bins
The mail plece experiences high deceleranon as it 1s stopped m the bin - An auger
provides a constant, low mechanical force to the Tast letter delivered to the bin



»  Anocther worker 15 respansible for manually moving sarted mail from the Sracker
Madule hins into approprate contaners for further processing

DESCRIPTION OF CONTROL

The VFS has been desipned and installed for the DBCS by the Siemens AG The VFS was
designed o reduce the potennial for emussion of bilogical contamunants such as spores of B
anthracis nto the ambient atmosphere through use of local exhaust ventlanon (LEV) and
air filtratnion umrs  Addinenally, the VFS was designed to reduce machine down time and
mamtenance caused by paper dust accumulanon

Fileranon System

The VFS manufacturer claims that the fltranon system of the VES will remove particles as
small as 0 5 micron with an efficiency of 39 999% and parucles as small as 0 3 microns with
an efficiency of 99 97% with a combinanon of standard filtration and high-effictency
particulate awr (HEPA) filters  According to the manufacturer, the primary filter cleans wself
auromatically and needs to be changed every 1 to 15 years, while the HEPA (secondary)
filters must be changed about every 3 to 4 5 years

Contammant Collection Unait

The manufacturer’s strategy for contaminant collection was, in patt, to modify access covers
of the machines to totally or paraally enclose the source of contarmunant and contrel the
direcnon of auflow mro the machine Areas that were targered fot contaminant cellection
were the Stacker Module, | ransport Module, Reader Module, Jogger Module, Feedet Table
and Feeder Module

Letter transport lecations such as the Transport Module and Feeder Module were fitted woth
vented covers, where nceded, to surround dust-ermitting areas In applhcable Transport
Module locations, turbulent inducton methods wete used to prevent dust particles from
sertling

In the Stacker Modules, clear, polyvinyl shitred curtains were mstalled to reduce anflow area
and mcrease capture veloaties, as well as to reduce sound emssions, while sull permiting
worker access to remove mail “Lhe rear doors of the Stacker Modules, not accessed duning
normal aperation, were fitted with slotted plenum structures to more evenly distnbute the
flow of air ac the front, worlkung side of the module



METHODS

AIR VELOCITY MEASUREMENTS

Velocity measurements were taken using a Veloaicale Air Veloaty Meter (I'SE, Tncorporated,
Shoreview, MN} Measurements were taken at exhaust inlets to the DBCS, including ar the
Feeder Madule and Stacker Modules  Fach value repotred represents an average of 3
measurements taken at approxumately 2 second intervals

SMOKE RELEASE QBSERVATIONS

Smoke was released at all gaps 1n the machine chassis, where mternally rcleased aerasol
fiught escape unto the workroom environment  Quahtative obscrvations centered on
determination of how quickly and effectively the cantrol captured smoke generated For
example, 1f the smoke was caprured quuckly and directly by the exhaust system, 1t was a good
indication of accepiable control design and performance  However, 1f the smoke was slow
ta be captured when released at a certam point, or took a airewtous route to the exhaust
wlet, the vennlanon system design was considered marginal at thar location  'These
observations were arded by the use of 2 focused, high-ntensity luht source

Smoke was penerated where mechameal forces from the machine are grearest and where
potential contaminant release ss furthest away from the control’s exhaust, these locations
have the greatest potential for release of contaminant meo the worktoom environment  Ar
the Jogger Module and Feeder Talle, the smoke was introduced at 2 point where
contarmnant would be released from the corner of a business envelope furthest away from
the cantrol, 5 in out fromn the slot and 3 5 1m above the top of the module surface At the
Feeder Module, the smoke was released at several pinch pomts where tnechanical forces are
the grearest, mcluding the set of pinch rollers closest to the face of the conuol’s exhaust At
the Stacker Modules, each row was rested (rows 1-4) at righe, left and center Stacker Modules
(Modules 1,6,12) for a total of 12 recorded obscrvattons Smoke for each one of these
observanons was directed at the arca between the il end of the mail prece and the
deceleration pad at the adjacent stacker bin (see figure 2)

TRACER GAS EVALUATIONS

By releasing a tracer gas (TG) at a constant rate whete conranunant control 15 desived, and by
measuning the corresponding TG concentration downstream mside the exhaust duet, a
quanttaave measure of control efficency can be made  The first step was to release the TG
mside the duct to find the concentranion C100 corresponding to 100% capture, this was
done before and after other TG expenments were made Then, when the 'V'G was released
at a point near the Feeder Module, for example, resultng mn a concentraton C in the duct,
the capture cfficicncy at the feeder point was caleulared as C/C100  While che exhaust air
cartying the TG should ideally be released cutside to elumnate an increase of the background
level of TG, experimentation 1n a large room such as the one contamng che TYBCS should
nor significantly inerease the background eoncentranon dunng testing For these
experunents, 100% sulfur hexafluonide was used as the tracer The instrument used to detect
the sulfur hexafluonde was « Miran 203 Specific Vapor Analyzer (The Foxboro Company,
Foxboro, MA)

In each T'(7 trial, apprournatel_v oile mimate was allowed for the concentranon to equilibrate
hefore average concenrratons were determined  The numerator of the efficiency



determinations was the mean of the trnial concentration values C  In addinon, a measure of
varabiity was computed for each tnal — the interquartle range, the difference between the
75" and 25 percentiles

At the center, nght-hand side and left-hand side of the Jogger Module, T'G was released at
pounts cottesponding to the top-outer cotner, top-1nnet comet (along the VES mtake slot)
and bottom-outer corner of a standard business envelope At the nght-hand side and center
of the Feeder Table, TG was released ut pomnts corresponding to the top-outet comet, top-
mner corner (along the VFS intake slot) and bottom-outer comer of a standard busmcss
envelope Here, the Feeder Table was loaded with test mail to maore accurarely simulate
wotking conditions At the Feeder Module, T'G was released at the frst pinch rollers
(locanon “C*), and at pomts corresponding to the top-tnnet comer (location “B”) and top-
outer corner (Locaoon “A™) of 1 stundard business envelope (see figure 3) For Freder
Module experiments, test mail was on the adjacent Feeder Table to simulate regular working
conditons At all Stacker Module locations, the T'G was released at a pount halfway beoween
the top and bottom comers of a standard business envelope on the left side (sec Ogure 2)
Moreover, one envelope was placed mn each Stacker Madule bin to simulate standard
working condittons  Stacker Module locations tested were ar bins 1-3, 7 (Stacker 1) bins 80-
83 (Stucker 6) and bins 187-190 (Stacker 12} ‘I'hesc stacker locanons represented all four
rows of bins at the far left, center and far nght of the bank of Stacker Modules



RESULTS

AIR VELOCITY MEASUREMENTS

Arr veloouy measurements were made at the entrance to the Jogger Module, Feeder Table,
Feeder Module annd at vanious locations of the Stacker Module Mast significantly, at the
Jogger Module and Feeder Table, air velocities were consistently low at locanons away from
the intake slot These measurements renforce results from TG expenmentaton and smoke
release observauons Results ace given m Table 1 below

Table 1 Aar Velocity Measurements Highhighted values arc less than 100 feer per

migute
CONTAMINANT CAPTURE
VELOCITY
AREA (VALUES OF TRIALS IN FEET
PER MINUTE)
JOEGER- BACK RIGHT 84
JOGGER. FRONT RIGHT 32
JOGGER- BOTTOM RIGHT 44
JOG-GER— BACK MIDTOLE 149
JOGGER- FRONT MIDDLE 21
JOGGER- BOTTOM MDDLL 34
JOGGER- BACK LEFT 125
TOGGER FRONT LEET T
JOGGER- BOTTOM LEFT gy
FEFDXER TARBLE- BACK RIGHT a8
FEEDER TABLE FRONT RIGIIT 0
FEEDER TABRLE- BOTTOM 33
RIGHT
FELEDLER TABLE- BACK MIDDIE 57
FLIZOLR TABLE- FRONT o
MIDDIE
FEEDER TABLE- BOTTOM ”
MITIDTIE
BIN 1 105
TN 2 115
BIr 3 101
BTN 7 101
BIN 80 115
BIN 81 107
BIMN 82 105
BIM 83 129
BIN 157 109
BIN 188 124
BIN 189 112
BIN 190 118
TELDLR MODULL PINCH i
POINT A
FEEDER MODULE PINCI o
POINT B
FEEDER MODULE PINCH 0
POINT €
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" SMOKE RELEASE EXPERIMENTS
Smaoke Release expernments showed the followimyg resulrs regardmy the capture effictency of
the VI'S

* Smoke observatons indicate that the VFS 15 hughly cffecrive at capturing potential
contaminants ar all Stacker Modules excepr at the far-rghe end

* The possibility exusts for some smoke to escape to the far-nghe side of the Stacker
Modules when large amounts of smoke are introduced  This siuanton could be sasily
improved by attaching a panel to the nght hand side of the Stacker Modules

* The capture of the VFS at the Feedet ‘Fable and Jogger Module 15 good along the
intake slot

*  Smoke generated at about 11 mches away from the slots (location of envelope
corner) takes much Jonger to become enrramed mnro the VFS

¢ The VIS was effective ak capruning smaoke at exposed locations of the Feeder

Module
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Table 2 Smoke Release Obsetvations Slow capture arcas ate shaded

AREA

COMMENTS

JOGGER- BACK RIGHT

GOOD SMOKE CAPTURE

JOGGER- FRONT RIGHT

SMOKE 1S SEOW TGO BE CAPTURED

JOGGER- BOTTOM RIGHT

SMOKE IS SLOW TO BE CAPTURED

JOGGER- BACK MIDDLE

GOOD SMOKE CAPTURE

JOGGER- FRONT MIDDLE

SMOKE IS SLOW TO BE CAPTURED

JOGGER- BOTTOM MIDDLE

SMOKE 1§ SLOW TO BE CAFTURED

JOGGER- BACK LIEFT

GOOD SMOKE CAPTIURE

JOGGER- FRONT LEFT

SMOKE IS SLOW TO BE CAPTURED

JOGGRR. BOTTOM LEIT

SMOKE I8 SLOW TQ BE CAPTURED

FEEDER TABLE- BACK RIGHT

CGOOD SMOKLE CAPTURE

FEEDER TABLL- FRONT RIGHT

SMOKE IS SEOW TO BE CAPTURED

FEEDER UABLE- BOTTOM RIGHT

SMOKE IS S1.0%W TO BE CAPTURED

FEEDFER TABLE- BACK MIDDLE

GOOD SMOKE CAPTURL

FEEDER TABLE- FRONT MIDDLE

ShOKE IS SLOW TO BE CAPTIRED

FEEDER TABLE- BOTTOM MIDIILE

SMOKE, I8 SLOW TO BE CAPTURED

BIk 1 GOOT SMOKE CAPTURL
DIN 2 GOOD SMOKL CAFTURE
BLid 3 GOOD SMOKE CAT'TURE
BIN 7 GOOD SMOKE CAPTURL
BIX B0 GOOD SMOKE CAFTURE
BIN 81 GOOD SMOKE CAPTURE
BIN 42 COOD SMOEE CAPTURE
BIk 83 GOOD SMOKE CAPTURE
BIM 187 GOOL SMOKE C.-'&F:UR:E—SO}EE SMOKE
ESCAPES WITH LARGLE VOLUME OF 3MOKE
BIN |88 GOOD SRMOKE CAPTURE-SOME SM_DK_E
ESCAPES WITH LARGE VOLUAIE QFF SMOKL
BLN 159 CGOOL SMOKE CAPLURE-SOME SMOK_E
ESCATES WITH LARGE VOLUME QF SMOLKE
BIN 190 GOOD SMOKE CAPTURLE-S0MLE SAOKE

ESCARIZE WITH LARGE VOLIIME OF SMOEKE

FEEDER MODULE PINCH POINT A GOOD SMOKE CATTURE

FELDER MODULL PINCH POINT B GOOD SMOKE CAPTURE

FEEDER MODULE PINCH POINT C GOOD SMOKE CAFITRE
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TRACER GAS EXPERIMENTS

Tracer gas expenments showed the following results regarding the capture efficiency of the

VES

* At the Jogger Module and I'eeder ‘Fable, 'I'G capture efficliencies as low as 77% were

recorded at locations representing cnvelope corners away from the mtake slot
* Moreaver, at these locations, TG capture was highly vanable, ranging from about
40% to 100% capture efficiency

Table 3. Tracet Gas Experiments Highlighted arcas do not meet USDPS requirements

AREA CONTAMINANT CAPTURE INTnggggTILE
EFFICIENCY

STACKER BIN 1 = 0R% i
SUACKLER BN 2 = 08%p (i
STACKUR BIM 3 = 0% a7
STACKER BIN 7 > 98% 07
STACKER BI BD = 08%5 15
STACKER BTN Bl = 0E% 5
STACKER BI~ 82 > 98 05
STACKER BIN 187 > 08% 03
STACKER BIN 188 > 08, 02
STACKER BIN 180 ST 03
STACKER BIN 190 > 08% e
JDGGF'.R- BACK RIGLLT = 08%% 05
VOGGER. FRONT RIGHT 06% 5
_]OGGF,R— BTN RIGGLT 28%% 04
JOGGER. BACK MHTLLE oT% 0
JTOGGER- FRONT MIDDLE 0% 10
_]OGG-JI,I{— BOTTOM MIDDLE 80%% 12
JOGGER. BACK LEFT 3%, 13
JOGGER- FROMT LEFT 82045 o8
JOGGER. BOTTOM LEFT 5% 12
FEEDER TABLE BACK RIGITT DR%o 04
FEEDER T ABLE. FROUNT RIGHT 059, 16
FEEDER TABLIE- BOTTOM RIGHT Ti% 25
FEEDER T'ABLH- BACK MIDDILLE > B3%h 18
FEEDER TABLE- FRONT MIDDLE B6%% 27
I'LEDER TABLE- BOTTOM MIDDLE D4Y; 10
FEELIER MOQTDIULE PINCH POINT A o0y 02
FEEDER MODIILE PINCH POINT B DIVEEN 03
FEEDER MODULE PIMNCH POINT C 100% 03

13




DISCUSSION AND RECOMMENDATIONS

STACKER MODULES

All Stacker Madules performed adequately m TG expenmenration and air velocity
measurements (see Tahles 1 and 3) Furthepmore, smoke release observatons show that the
capture capabiity of the VFS at the Stacker Modules 1s pood, overall However, when latge
amounts of stnoke are mtroduced into the control of the VES at Stacker 12 at the nght-hand
side of the Stacker Bank, some smoke did escape (see Table 2}

On ene hand, an actual conditon 1 which a large amount of contaminant is generated,
equivalent to the amount of smoke praduced in expermmentation, 1s not likely  On the other
hand, 1t 15 hard to determine exactly what atnounts of contaminant mught be produced i an
anthrax attack  Furthermaore, the recommended remedy, a panel attached to the nght side of
the Stacker Modules, should be very wexpenstve and easy to mplement

JOGGER MODULE AND FEEDER TABLE

Al the Jogger Modale and Feeder Table, it was clearly shown that the performance of the
VFS at locatons of potental cantaminant release that were not immedately adjacent o the
mtake slot was marginal It 1s therefore recommended that the VFS be modified so that
there 1s higher conraminant caprure capabihty at points corresponding to envelope corners
that are not adjacent to the VIS mtake siots

APPLICABILITY TO OTHLER EQUIPMENT

Tastly, 1t must be remforced that the methodology presented 1 this report 1s appropniate for
a wide varnety of other apphcanions  For wnstance, government agencies hike the Internal
Revenue Service, Department of State, and U S Congress, as well as private companics like
Unured Parcel Service or Federal Espress, could benefit from usmyg these procedures o
evaluate LEV for maul and/or package processing machinery

14



Figure 1 Dehvery Bat Code Sorter Overview and Location of Proposed Guard
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Figure 2, Point Representing Potential Contamnant Release Points. This location
was used as the focus of TG cxperimentation and smoke release observations at the
Stacker Modules
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Fwgure 3. Locations of TG release at the Feeder Module.
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