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ABSTRACT

Researchers from the National Institute for Occupational Safaty and Health (NIQSH) conducted
evaluations of an exhaust ventilation system developed for the Automated Flat Sorting Machine
(AF5M) 100 This system was nstalled by the machine’s manu facturer to reduee the potential
for employee exposure to harmful substances that could be contmned 1 mailpieces processed by
the machmme This cffort 15 i response to recent terrorist attacks that used the mail as a delivery
system for anthrax NIOSH was asked to assist the United States Postal Service (USPS) 1n
evaluating controls for this and ather mail processing machinery

Evaluations were based on a varniely of tesis mcluding tracer gus expenments, air velocity
measurements, smnokce releasc observations, and particle count experiments  The experniments
showed that, overall, there 15 good capture by Lhe exhaust ventilation systcm  Tracer gas tests
indicated that the capture was essentially 100% between the feed 1able and the bucket mmscrhion
pownt At the bucket msertion pont, the measured capture efficiency was approximately 81%
The exhaust ventilation sysiem also exhibited good capture characteristics based on smoke
release expertments and air velotaty measurements  Parficle count measuremenis were
inconclusive, 1t was deternined that this methed does not produce repeatable cnough results for
use m this aituation

Bascd on these results and others discussed 1n this report, the following recommendations are
suggested

. Consider adding a venhlated partial enclosure al the pomnt where the maillpieces enter the
moving buckets to reduce the potential for contantnant release

. Scal cooling fan openings for fans that have been disconnected These openings allow lor
the potential release of a substance that has been captured

. Consider more theroughly evaluating the capabilities ol the exhaust system with
additional smoke and tracer gas testmg, particularly after changes are made to the
ventiJation and filiration system The tested system anly had ventilation on onc of the
thrce feeders, and HEPA filters were nol mstalled 1n the filtration umt



INTRODUCTION

The National Institute for Occupational Safety and Health (NIOSH) 1s located in the Centers for
nsease Control and Prevention (CDC), within the Department of Health and Human Services
NIOSH was cstablished 1n 1970 by the Gecupational Safety and Health Act al the same une that
the Occupational Salely and Health Adnmmstration (OSHA} was established 1n the Department
of Labor (DOL) The OSHAct Iegislaton mandated NIOSH to conduct research and edugation
programs scparate from the standard-setting and enforcement functions conducted by OSHA  An
mportant area of NIOSH research deals with methods for controlling occupational exposure to
potential chemical and physical hazards

The Engineening and Physical Hazards Branch (EPHB) of the Division of Applied Research and
Technology (DART) has been given the lead within NIOSH to study and develop engincenng
controls and assess their impact on reducing occupational illness  Sinee 1976, EPHB (and s
forerunner, the Engineening Control and Technology Branch) has conducted a large number of
studies to evaluate engineering control technoelogy based upon industry, process, or control
techmique The objective of each of these studies has been 1o evaluate and document control
techniques and to determnc the cffectiveness of the control techtiques 1n reducing potentiai
health hazards i an tmdustry or for a specefic process

This 1s the second report of a project to evaluate controls that are put 1n place by the United
States Postal Service (USPS) to prevent the release of contaminants mto the work area of postal
employees This report describes the evaluation of the performance of the exhaust ventilation
system for the Automated Flat Sorting Machine (AFSM) 100

BACKGROUND

Researchers from NIOSH were requested to assist the USPS n the evaluation ol particulate
controls for vartous mail processing equpment These new controls are being installed to
sigrficantly reduce operator exposure to any potenhially hazardous contammants emithing from
letier mail dunng normal mail processing This effort 15 driven by the recent terronst attacks
which used the mail as a delivery system for anthrax NEOSH researchers have subsequently
made several trips to Washington, DC area postal [acilities (o observe vanous mail-processing
machincry m operation and to study the effectiveness of the newly designed controls

The control evaluated 1 this report 1s an ¢xhaust ventifation system (EVS) for the AFSM 100
This control was designed and 1nstalled by the manufacturcr of the AFSM 100 to sigmficantly
reduce the potential for operator exposure to bacterial contammants anx other aeresols that could
be contained i mailpeces processed by the AFSM  The control was an carly prototype that
centinues to change, and when the testing was performed, the filtration umt did not contain the
high efficiency particulate air (HEPA) filters that arc planned to be inctuded  This exhaust
ventilahon system was evaluated at the Baltimore, Maryland Processing and Dhistnbution Center



(P&DC) during two separate ficld surveys  Survey 1 took place on Mavch §, 2002 and Survey 2
took place on March 19, 2002

HAZARDS TO POSTAL EMPLOYEES

The bacterium bacilius anthraces 1s a spore forming bacterium, with spores typically in the size
range 1-5 pm Disease caused by anthrax mamfests 1n one of three ways tnhalational,
cutaneous, and gastromtestinal ' Recent cases resulting from terronst attacks in which anthrax
spores have been sent by mail .o a U § Senator and to media offices have been both inhalational
and cutaneous The cutanecus [orm of the disease generally develops 2-5 days following
cxposurc and 1s usually successfully (reated with antibioics  The onsel [or the inhalational form
15 typically 1-6 days after exposurc and has a lugh fatality rate even with appropriate treatment
Lxposure to anthrax spores hy postal employees working in a mail processing facility that serves
the US Capitol resulted m mhalational disease 1n several of the workers 2 One potential area of
exposurc 15 the automated mail processing cquipment used to sort collection mal  As the mail
passes through the machinery, 11 15 compressed in a mumber of places that could cause the release
of substances from the mail

DESCRIPTION OF EQUIPMENT

The systemn evaluaied at the Balumore P&DC was the AFSM 100 The AFSM 100 15 an
automated flat sorting machme Mail 1s fed into the machine with antomated feeders, encoded
and processcd using video images and opiical character recogmtion {OCR) technology *

Threc antemated feeders supply flat mailpieces  Once 1n the transport system, the image of each
individual piece 1s caplured An oplical character reader reads any barcodes and the content of
the address  The maitpieces are then inyected wito oue of 734 pockets that circulate around the
machime If the correet ZIP code 15 detcrmined, the malpicce 1s released mte onc of 120 sort
bins If the address on the maipicce cannot be read by the OCR, the image of that piece 15 sent
1o a Video Coding Room 1n the [acility A keyer then views the umage on a computer momtor
and manually enters the address information so the correct ZIP code may be determined The
mailpiece 15 then sent to the proper sort bm  If an addrcss cannot be detecrmuinced for 2 mailpiece,
1t will be royected

The AFSM 100 conststs of a2 number of modules, the modules significant to the control of a
potential contammant 1n the mail include the feeder module, the Tilter module, the OCR module,
and the interface 950 module It 1s in these parts of the system that the malpieces undergo the
maost violent actions as they are loadad onto the machine and fed through the machime by rollers
that pinch the mai1l  Also, at the feeder module, the mailpieces are near the worker and have the
potential to release a contaminant mto the worker’s breathing zone



At the feeder module, the mail 158 manually loaded onto the feeder table The conveyor on the
feeder table advances the mal (o a destacker where the individual peces of mail are separated
The mailpieces are then tilted 1n the Tilter module in preparation lor entering the OCR module
In the OQCR meodule, the mailpieces are passed over a scanner to obtain an 1mage  After the OCR
module, the mailpieces enter the Inierface 950 module where they are spaced and accelerated for
1 ection nto the pockets of the carousel

DESCRIPTION OF CONTROL

The evaluated conirot has been retrofiiled for the AFSM by the manufacturer  The control 1s
designed to reduce emission of bactenal contaminants such as spores of B anthracts into the
ambient aimospherc through use of particle collection capabilities and filtration units At the
time of the field surveys, the filtration urut 1 place on the exhaust venhilation system did not
contamn high efficiency particulate air (HEPA) filters as s planned for the final production model
Moreover, the tested control was an imtial prototype that has since been modified For example,
only one of the three feeders was controlled

By taking advantage of the enclosed Ttlter, OCR and Interface 950 Madules on the AFSM, the
ienor of the machine was ventilated by adding exhaust to the machine cabiner  Inside the
cabinet, air intakes were placed along the path taken by the malpieces 1o collect any contamnant
potcntially 1n the mail  These intakes focused on the areas around pinch points as these have the
highest potential for rcleasing a substance The feed table of the AFSM was also controlled by
ait intakes located perpendicular to the feed belt and above the mailpieces

METHODS

TRACER (GAS

Apparatus

To quantitatively evaluate the caplure efficiency of the EVS, a trucer gas method was used The
gas, CP sulfur hexafluonde (SF, )}, was released at a constant rate at points in and near the sorter
to determune the capture cfficiency of the EVS at these release points  The gas was suppled
through a mass flow controller {Model 1359C- 100008V, MKS Baratron® & Conirol Products,
S1x Shattuck Road, Andover, Massachusetts, 01810) sel to produce about 4 ppm 1 the exhaust
putlet of the EVS The exhaust from the EVS was returned to the workroom and directed toward
the ceilimg  The concentration of the SF, was measured 1 the exhaust duet, just upstream of the
filters Im order to sample this air stream vniformly, the cxhaust air was drawn through a 1/4 1n
diameter copper tube having six 3/32 in diameter holes spread uniformly across the duct
diameter, inserted mte and perpendicular to the exhaust duct  After exiting the copper tube, the
air was first filtered (HEPA Capsule Filter, Model #12127, Gelman Seciences, Incorporated, Ann
Arhor, Michigan, 48106) to remove dust, and then pulled through a MIRAN® 203 Specific Vapor
Analyzer {Thermo Environmental Instruments, 8 West Forge Parkway, Franklin, MA 02038),



usimg a personal sampling pump (A RRSCKISaidpl BiMadETEZ 4-PCXR4, SKC Incorporated, 863
Valley View Road, Eighty Four, Pennsylvama, 15330) set for approximately 5 lpm, and using
Tygon® tubing throughout the sampling system  After exiting the pump, the sampled air was
siniply released into the workroom The analogue output signal from the MIRAN® was recorded
by a data logger (Model di-3200, Metrosonics, 1060 Corporate Center Dnive, Oconomowoc,
Wisconsin, 53066) and later downloaded to a personal computer for processing

Procedures

For these measurements, the data logger was set to record the output signal from the MIRAN® at
1 minute intervals, averaged over | mmute Each measurement of captuie efficiency was
recorded for a 3 to 5 minute mterval The MIRAN®T concentration corresponding to 100%
capture was measured by releasing the SF, direcily into the duct supplying the exhaust inlet to the
teeder table Thus measurement was made immediaicly belfore and after the rest of the capture
efficiency measurements, to detect and correct for drift 1n the 100% level All of the tracer gas
measurements were made with the EVS blower urned on - About half of the measurements were
made with test mai} runmng through the machime and half with no mail 1n place A list of the
samphng sites 1s given 1in Table 1, and photos of the siles are shown 1 Figures | - 5 Three
locations near the feeder table were tested, refercnced to the largest prece of marl that could be
handled by the AFSM  Tracer gas was releascd at both ends and the nuddle of 4 Iine defined by
the top, outer corner of this maximal mail sitting at opposite ends of the feeder table The “near”
posilion was closest to the fecder inlet

SMOKE REILEASE

Apparatis

In addition to a smoke machine (M Fogger, Model F-800, Chauvet USA, 3000 North

29" Court, Hollywood, Flonida, 33020), we used a focused, high-imtensity projector beam {Basic
Lamp, Sage Action, Incorporated, P O Box 416, [thaca, New York, 14851) to illuminate

the smoke

Procedures

By releasmg smoke at powts in and around the sorter with the EVS operating, the path of the
smoke, and thus any airborne material released at that point, could be determined  1f the smoke
was captured quickly and directly by the EVS, 1t was a good indication of acceptahle control
performance If the smoke was slow 1o be captured when releascd at a certain point, or took a
crreulous route to the air intake for the exhaust, the EVS performance was considered marginal
at that pomt  We made smoke release observations at the feeder, using the smoke machine
Also, we introduced smoke mside the machine near external gaps, and watched for the escape of
the smoke through the gaps It was venfied that air was flowing into the machine throngh gaps
1n the cover by relcasmg smoke outside the gaps  In addition, the dynamic behavior of the EVS



was observed with smoke  The sortEvas Ti HEAGHRDENAREZand then the access doors were
opened while the degree of contanment of the smoke was observed Finally, after filling the
sorter with smoke at an operator access pomnt, the time required by the EVS to clear the smoke
was measured These observaions were made both with no mail mn place ind whith the sorter in
operalion using test mail  The only area that required supplementary illumination with the
projector lamp was undemeath Lhe sorter, where the mail was iyected into the moving buckets

CAPTURE VELOCITY

Apparatus

An anemometer was used to measure air speeds m and around the sorter (Velocicale Plus
Ancmometer, Modci 8388, TSI Incorporated, P O Box 64394, St Paul, Minnesota, 55164)

Procedures

To measure the velocitics achicved by the control at critical points, the anemometer was held
perpendicular to the flow direction at thosc points  Vclocities were recorded primarily at the feed
table since the rest of the machine s substantially enclosed To check the capture velocity at the
furthest point from the air intake, the anemometer was held where the outer corner of the largest
piece of mail accepted by the machine would be

AFROSOL REL.EASE

Although an aerosol release study was conducted during Survey 1, the concentration data that
were obtained generally had constderable vanabality, related in part to the difficulty 1n releasing a
consistent amount of particles mio the air 1n a repeatable manner Since the tracer gas techmque
can previde very sunilar kunds of data regarding the control efficiency of the EVS, and ihe tracer
gas data are more ¢onsistent, we have decided to discontinue the aerosol-based tecluuques in
favor of tracer gas

RESULTS

Tracer (Gas

To produce a 4 ppm concentration of SF 1n the EVS, the mass flow controller was sct for 0 607
Ipm  This implhes an exhaust flow rate of 5390 cfim  The relanive concentration at each of the
tracer gas dosing points, which 1s the same as the capture e{liciency at those points, 15 g1ven 1n
Table 1 A plot of the MIRAN® relative concentration vs ume 1s given in Figure 6 Ti1s clear
that nearly all of the {csted points have a measured capture efficiency of 1 00 +/- 0 02, which 1s
the cstimated range of accuracy of the measurements  The onc exceplion 1s test run #19, located
where the mail was inserted o the buckets, with the sorter in operation At this pomt, the
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capture efficiency was 0 81
Smoke

Smoke release expenments were conducted Lo visually determine how effective the control s at
varous focahons around the machine Al the feeder table, smoke was released at the edge of the
table with no mail running through the machine The smoke was effectively captured by the
control at the feeder table Smoke released mn the tilter arca was mostly eaptured although a
small amoumnt escaped  Smoke that was generated under Buffer 3 stayed in the buffer cabmet A
test was also conducted at the mjector pomt where the mail enters the buckets Some smoke was
observed 1o escape through the botiem into the buckets

Veloctty

Air velocity measurements were taken primarily around the fzed table as this 1s the only open
area that 15 controlled by the exhaust ventilabon  Velocitics near the slot face ranged from 2000-
4000 fpm At the edge ol the [eeder 1able belt, the air velocities were approximately 50-120 fpm

DISCUSSION

Overall, the capture efficiency of the EVS was very good between the feeder table and the bucket
msertion point, achieving nemunally 100% capture under the conditions of the test  Because the
feeder table 15 of necessity not enclosed, there 1s still some potential for erissions generated
there Lo escape to the work room air, 1n the prescncee of a strong draft, for example It would be
possible to reduce the effcet of drafls by adding llanges or curlains around the feeder table
Howecver, as long as the feeder table 15 loaded manually and requires operator access, 1t will be
very difficult to ensure 100% capture under all conditions

At the buckel msertion poartt, 1t 18 our understanding that further tmprovements 1o the ventilauon
system are anticipated  Because of the air currents induced by both the moving buckets and the
injected mail, stmply increasing the flow mto the sorter chassis at the insertien slot will not hikely
solve the problem  The mail will entrain some it as 1t passes from the chassts inienor wnto the
buckets, and the external drafls will carry some of thus air away, preclucimg 100% capture
efficiency However, if a ventilated partial enclosure were constructed around the bucket, any
ermussions within the enclosure should be captured, assummg high encugh caprure velocity at the
edges of the cnclosure to overcome the air flow created by the moving buckets Further tracer
gas measurements or smoke release studies may help our understanding of the ermission
mechamsms at this pomt

The smoke release results reinforced the results from the tracer gas tests [n addition, the stnoke
release results indicate that the wash-out rate of arborme matcnal released mside the sorter
chassis seerms lo be adequale 1o protect & worker who opens a cover duning norrmmal machine

6
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operations  When the new ventilation control was added to the AFSM, cooling fans that had

been part of the ongmal design were disconnecied Tlowever, the opemngs for these fans were
left n place Any opening 1n the cabmet has the potenual for allowing a contaminant to escape

RECOMMENDATIONS

. More fully evaluate the ventilation control for the AFSM 100 with additional smoke and
tracer tests after a complete prototype 1s available

. Consider adding a ventilated partial enclosure at the pomnt where mail 15 inserted 1nto the
moving buckets
. Close the openengs in the cabmet for coohng fans that are no longer used to prevent the

cscape of any hazardous substance contained 1n the cabinget

. Evaluate the filiration module for the EVS after it has been completed with the addition
of HEP A filters
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Table i. Tracer Gas Experiment Positions

Sampling Site Deseription Measured Efficiency
1 1009 level 1 300
2 Feeder, no mail, outside top far corner 1002
3 Feeder, no mal, outside nmddle top edge 1002
4 Feedcr, no mail, outside top near corner 1019
5 Pinch rolter, no mail 1 007
6 Above nlter, no mail, cover down 1 008
7 OCR, muddle roller, no mail, cover down 1 004
g Buffer 2 cxat, no mail 1001
9 Inyector at accelerator exat, no mal 1 008
10 Under buckets, no mazil 1018
11 Feeder, with muil, outside top far corner 1010
12 Feeder, with mait, cutside middle top edge t O
13 Fceder, with mail, outside top near corner 1 007
14 Pinch roller, with mail 1011
15 Tilter exat, with mail 0993
16 OCR, wrlh mail 0989
17 Buffer 2, with mail 0976
13 Imector, with nul 1015
19 Under buckets, with mal 0 803
20 | 100% level 1 000
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Figure | Dosing locatien for AFSM at pinch roller
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Figure 4 Dosing location for AFSM at buffer 2
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Figure 5 Dosing location [or AFSM at injecior
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Figure & Tracer Gas Normahzed Concentration vs Time, AFSM, Baltimore, March 19, 2002
[With Averages at Dosing Fomt)
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