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ABSTRACT

Researchers from the National Institute for Occupational Safety and Health (NIOSH) conducted
evaluations of a ventilation and filtration system (VFS) developed for the Automated Flat Sorting
Machire (AFSM) 100 This system was mstalled by the machme’s manufacturer to reduce the
potential for employee exposurg to harmiul subsiances that could be contained 1n mailpieces
processed by the machine Thus effort 18 1n response to recent terronst attacks that used the mail
as a delivery system for anthrax NIOSH was asked to assist the United States Postal Service
(USPS) m evaluating controls for this and other mail processing machinery

Evaluations of the contanmuinant capture capabilities of the system were based on a variety of tests
including tracer gas experiments, air velocity measurements and smoke release observations and
smaoke clearance observations under hoods The expenments showed that, overall, there 1s good
caplure by the venulation system  Tracer gas tests indicaled that the caplure was essenhally
100% between the Feeder Moduie and the bucket imection pount underneath the Interface 950
module for Feed Stations 1, 2 and 3 The ventilanon system also exhibiied good capture
characienistics bascd on smoke release cxpenmenlts and smoke clearance tests under hoods
Furthermere, air velocity measurements supporl these findligs based on NIOSH crilena

It 1s, however, rccommended that the USPS vent the VFS exhaust to the ambient air, outsede of
the plant, 1f at all possible  Furthermorc, the filtration component of the system should be
evaluated to determune filtration efficiency of the system  Also, NIOSH recommends that & plan
of routine preventative maintenance be implemented to ensure proper function of the
contarmmant caplure and filtration capabilities of the VFS



BACKGROUND

The National Institute for Occupational Safety and Health (NIOSH) 1s located 1n the Centers for
Disease Control and Prevention (CDCY, within the Depariment of Health and Human Services
NIOSH was cstabhished 1n 1970 by the Qccupational Safety and Health Act at the same time that
the Occupational Safety and Health Adnurnustrabon (OSHA ) was established m the Department
of Labor (DOL) The OSHAcet legislation mandated NIOSH to conduct research and education
programs separate from the standard-setting and enforcement functions conducted by OSHA  An
unportant area of NFOSH research deals with methods for controiling occupational exposure 1o
potential chemical and physical hazards

The Engmeenng and Physical Hazards Branch (EPHBY) of the Division of Applicd Research and
Technelogy {DART) has been given the tead within NIOSH to study and develop engineering
controls and assess thewr impact on reducing occupational 1llness  Since 1976, EPHB (and 11s
forerunner, the Engineenng Contrel and Technology Branch) has conducted a large number of
studies to evaleale cngingenng control technology based upon industry, process, or control
technique  The objective of each of these studies has been to develop, evaluate and document
control techmques and fo determine the effectiveness of the control techmiques n reducing
potennal health hazards m an industry or for a specific process

Researchers from EPHB were requested to assist the United Siales Postal Service (USPS) in the
cvaluation of particulate controls for vanons mail precessing equipment These new controls are
bemg mstalled 1o sigmficantly reduce operator cxposure to any potentially hazardous
contanunants emitting from automatically sorted letter mart during normal mail processing This
cffort 1s dnven by the recent terronst attacks which used the mail as a dehvery system for

anthrax This 15 one of several reports 1n a project to evaluate controls that are put 1n place by the
LISPS to prevent the release of conlamimants into the work area of postal cmployees

This report describes the evalvation of the performance of the ventilation/filtration sysiem for the
Automated Flat Sortimg Machine (AFSM) 100 This control was desipned and mstalled by the
manufacturer of the AFSM 100 to sigmficantly reduce the potential for aperator exposure to
bacterial contaminants that could be contained 1n mailpieces processed by the AFSM 100 Please
note that the control at the time of evaluation was a prolotype that continues o change
Consequently, any commenis madc are only applicable to the cvaluation conducted by NIOSH on
June 4, 2002  Furthermore, during the June 4, 2002 evaluation, the system’s filtration
capabilities were not evaluated

HAZARD TO POSTAL EMPLOYEES

The bactenium bacillus anthracis 1s a spore forming bacterium, with spores typically 1n the size
range 1-5 pm  Disease caused by anthrax manifests i one of three ways 1nhalational,
cutaneous, and gastrowntestinal ' Recent cases resulting from terronst attacks in which anthrax
spores have been sent by mail to a U S Senator and to media offices have been both inhalational
and cutaneous The cutaneous form of the disease generally develops 2-5 days followmng



exposure and 1s usually successfully treated with antitnoties  The onsct for the mmhalational form
1s fypically 1-6 days after exposure and has a high fatahty rate even with appropriate treatment
Exposure to anthrax spores by postal employees working in a mail processing facihity that serves
the U S Capitol resulted 1n inhalational disease 1n several of the workers 2 Onc potential area of
exposure 15 the automated mai! processing equiptment used to sort collection mul  As the mail
passes through the machmery, it 15 compressed and 1mpacted 1n a number of places that could
cause the release of substances from the mail

DESCRIPTION OF MAIL PROCESSING EQUIPMENT

The ventilatton/filtration system cvaluated at the Balttmere Processing and Distnbution Center
on June 4, 2002 was nstalled onto the AFSM 100 The AFSM 10015 an aulomated [lal sorting
machine Mauil 15 fed into the machine through three Feed Stations  {These Feed Stations will
henceforth be referred to as Feed Stations 1, 2 and 3, Feed Station 1 being furthest away from the
120 sort bins at the end of the processing equipment ) Once in the transport system of any of the
three Feed Stations, the image of each individual piece 1s captured An opuical character reader
(OCR) rcads any barcodes and the content of the address  The malpieces are then iyecled inte
one of 759 packets that circulate around the AFSM 100 I the correct Z[P code 15 determined,
the mailprece 15 released mto one of 120 sort bins  If the address on the mailprece cannot be read
by thc OCR, the imuge of that piccc 15 sent to a Video Coding Room m the facility A keyer then
vicws the 1mage on a compuler monitor and manually enters the address immformation sa the
carregct ZIP code may be determined  The mailpiece 1s then sent to the proper sort bin  1f an
address cannot be determined for a mailprece, it will be rejected *

Each of the three Feed Stations thal supply mail 1o the AFSM 100 consists of a number of
modules, the modules sigruficant to the control of a potential contarrunant 1 the mail include the
Feeder Module, Destacker Module, the OCR Module, and the Interface 950 Module It 1s1n
thesc parts ol the svstern that the maillpicces undergo the most violent actions as they arc loaded
onio the machine and fed through the maching by rollers that pinch the mail Moreover, at the
Feeder Module, the mailpieces are near the worker and have the potential to release a
contarmnant mto the worker’s breathing zone

Al any of the three Feed Stattons, mailpieces are treatced in the following manner
1 At the Feeder Module, the mail 1s manualiy loaded onto the feeder belt

The conveyor an the feeder belt advances the mail to the Destacker Module where the
individual pieces of mail are separated

3 The mailpieccs are then tilted 1n preparation for entering the OCR Module
4 In the OCR Module, the mailpicces arc passed over a scanner to obtain an image
5 After the OCR Module, the mailpreces enter the Interface 95¢ Module wherc they are

spaced and accelerated for mjection mto the pockets of the carcusel



DESCRIPTION OF CONTROL

The evaloated control {termed a venulation/filtration system, or VFS, by the USPS) has been
retrofitted for the AFSM 100 by the manufacturer and consists of contaminant capture
capabilities at cach of the three Feed Stations By taking advanlage of the enclosed OCR and
Interface 950 Modules al cach of the Feed Stations, the interior of the machime was ventilated by
adding exhausts to the machime cabmets  Inside the cabinets, exhaust slots were placed along the
path taken by the mailpicees to collect any contanunant potentially i the mail  These exhaust
slots focused on the areas around pinch ponts as these have the highest potential for releasng a
substancc At the time of the June survey, the three Feeder Modules of the AFSM 100 were also
controlled by exhaust slots located perpendicular o the Feeder Module belts and above the
matipieces For each of the three Feed Stahons, exhaunst ductwork was located over the mddle
of the OCR cabmet However, additional exhaust ductwork was located over the Fecder Module
of Feed Station 1

The control 1s designed to reduce emission of bacterial contaminants such as spores of 8
anthracis into the ambient atmosphcere througzh use of particle collection capamities and
filtration nmits  Filtration for the ventilation system consisted of a threc stage filtratton sysicm
mtended 1o meet USPS standards The first stage 18 a perforaled plate pre-filler intended to
provide 25-30% capture effictency and the second stage 15 intended 10 provide 90-93% capture
efficiency Thesc first 2 stages are mtended to mcet USPS requirements and ANSIJASRAE 52 1
lesting standards The thard flier 1in the filiration system 1s a Fugh Efficiency Particle Air filter
designed to capture at least 99 97% of particulate 0 3 microns m diarneter  After filtration, the
air was releascd back mto the workroom cnvironment  The filtration system was not evaluated
a8 a part of this survey as 1ts evaluation falls undcr USPS stalements of work

METHODS
TRACER GAS
Apparatus

To quaniifatively cvaluate the capture efficiency of the VFS, a tracer gas method was used The
gas, CP sulfur hexafluoride {SF,), was released at a conslant rate at pownts i and near Feed
Stations 1, 2 and 3 to determupe the capture efficiency of the VFS at thesc releasc pomts The
gas was supplied through a mass flow controller (Model 1359C-103008V, MKS Baratron® &
Conurol Products, Six Shatiuck Read, Andover, Massachusets; (11810) set to produce about 4
ppm n the exhaust outlet of the VES  The exhaust from the VFS was returned to the workroom
and directed toward the cetling  The concentration of the SF, was measured 1n the exhaust duct,
just upstream of the filters In order to sample this air stream umformly, the exhaust air was
drawn through a 1/4 1n diameter copper tube having six 3/32 . diameter holes spread umformly
across the duct diameter, mserted into and perpendicular to the exhaust duct  After exiung the
copper tube, the air was first filiered (HEP A Capsule Filter, Model #12127, Gelman Sciences,
Incarporated, Ann Arbor, Michigan, 48106} to remove dust, and then pulled through a MIRAN®



203 Speeific Vapor Analyzer (Thermo Environmental Instruments, 8 Wesi Forge Parkway,
Franklm, MA 02038), using an AirCon® high volume air sampler (Gilian Instrument
Carporation, W Caldwell, New Jersey) set for approxumately 30 lpm, and using Tygon® tubmg
throughout the samphing system After exiting the pump, the sampled air was simply relcased
wito the workroom The analog output sigmal from the Miran® was routed to a PCMCIA 12-bit
analog card {Quatech Model # DAQP-12, Akron, OH) which allewed data storage and display at
one-second 1ntervals in real-time on a portable computer

Procedures

The Miran® data was recorded at one second ntervals  For cach expenment, measurements were
recorded for 2 to 5 minutes, depending on the time required to achieve equilibrium, as indicated
m a real-ume display of concentration vs time The MIRAN® concentration corresponding to
100% capture was measured by releasing the SF; directly into the duct supplying the exhaust
nlet to the feeder belt This measurement was made immediately before and after the rest of the
capture cfficicney measurements, to detect and correct for dnift i the 100% level All of the
tracer gas measurements were made with the VFS blower turned on  About half of the
measurements were made with test mail mamng through the machine and half with no mail 1in
place A list of the samphng sites 15 given in Table 11n the “Location” column  Threc locations
near the Feeder Module were sampled, referenced to the largest piece of mail that could be
handled by the AFSM 100 Tracer gas was released at both ends and the middle of 2 line defined
by the top, outer corner of this maximal mail sitting at apposite ends of the Feeder Module The
“right” position was closest 1o the Destacker Module miet

SMOKE RELEASE

Apparatus

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

29% Court, Hollywood, Flonda, 33020), we uscd a focused, gh-ntensity projector beam (Basic
Lamp, Sage Action, Incorporated, P O Box 416, Ithaca, New York, 14851) to 1lluminate

the smoke

Procedures

By releasing smoke at points 1n and around the sorier with the VES operating, the path of the
smoke, and thus any airbome material poilentially released at that point, could be deterrmined If
the smoke was captured quickly and directly by the VFS. 1t was a good indication of acceptable
control design and performance  If the smoke was slow to be captured when released at a certan
pomnt, or took a circurtous route to the exhaust inlet, the VFS design was considered marginal at
that point  Smoke rcleasc obscrvalions were made at each Feed Station’s Feeder Module, pinch
pomt area at front of destacker module, and underneath 950 Modulcs wherc mail drops inlo bins
(uhder Imector/ Accelerator cover)




In addinion, arcas underncath aceess covers were filled with smake and then opened while the
degree of containment of the smoke was observed These smoke clearance tests were donc 1n
order to characterize the potential hazard of anthrax exposurc to workers who need (o open
access covers m order {o clear jams  These observations were made both with no mail i place
and with the sorler in operation ysing test mail

CAPTURE VELOCITY

Apparatus

A hot-wire anemometer was used to measure ar speeds 1n and around the sorler (Vclocicale Plus
Anemomeler, Model 8388, TSI Incorparated, P O Box 64394, St Paul, Mmnesota, 55104)

Procedures

To measure the veloelics achigved by the contrel at crtical points, the anemometer was held
perpendicular 1o the flow direction at thase points  Velacities were recorded primardy at the feed
table since the rest of the machine 1s substantially enclosed To check the capture veloeity at the
furthest peint from the exhaust slot, the anemometer was held where the outer comer of the
largest prece of marl accepted by the machine would be

RESULTS
Tracer Gas

The concentration at cach of the tracer gas dosing pownis relative to the concentration where
180% of the {racer gas was being captured, which 1s the same as the capture efficiency at those
points, 1s grven m Table 1 A plot of the MIRAN® relative concentration vs time 1s given in
Fignre 1 It 1s clear that all of the tested pornts have a measured capture efficiency of 1 00 +/-
0 04, which 1s the estumated range of accuracy of the measurements Notc thal analysis of TG
data does not indicate a significant difference 1n observalions between different fecders or with
mail on vs mail off

Smoke

Smoke release experiments were conducted to visually determune how effective the conirol 15 at
varlous locattons around the machme At Feed Stations 1, 2 and 3, the smoke was effectively
capturcd by the control at 1} the Feeder Module, 2) pinch point area at the front of the destacker
module and 3) underneath the 950 Module where mail drops into bins (under

Injector/ Accelerator cover) Furthermore, smioke clearance (ests showed no locations that
exhibited an undue delay 1n clearance of smoke
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Air Vefocity

Alr velocity measurements were taken primarly around the feed table as thes 18 the only open
arca that 1s contrelled by the exhaust venttlation At the edge of the varous Feeder Modules, air
velocities ranged from approximately 67 to 119 fpm

DISCUSSION

Overall, TG capture efficiency of the VFS was good ar all locations tested, achieving nomunally
100% capture under the conditions of the test  Smoke release obscrvations reinforced results
from the tracer gas tests In addition, smoke clcarance test results indicate that the wash-out rate
of arhorme matertal released 1nside the sorter chassis seems to be adequate (o protect a worker
who opens a cover during normal machine operations

NIOSH defined perfornance crileria regarding appropriate capture velocitics arc based on values
recommended by the Amenican Conference of Governmental Industrial Hygrerusts' Indusinal
Venulatton Manual  Accordingty, where poicntial contaminant 15 released with practicaily no
veloeity inte quuet air, the recommended capture velocuy 1s 100 fpm  However, where a
potential contaminant 1s released at low veloeity mto modcrately still air, the recommended
capture velocity ts 200 fpm *

It should be noted that the abave gwidchnes set forth in the industrial Ventilateon Manual are
qualified by the statement that
Exceptionally high air flow hoods  may require less air flow than would be imdicated by
the capture velocity values recommended for small hoods This phenomenon may be

ascnbed to

. The presence of a large air mass moving into the hoed

. The fact that the contammant 15 under the influence of the hood for a
much longer ime than 15 the case with small hoods

. The fact that the large air flow rate affords consuderable dilution as

described above °
Based on these considerations, the NIOSH positton 1s that air velocity measurements do not
contradict findings that contammant capture 1s effecnve for the AFSM 100 evalnated on Junc 4,
2002 Furthermore, although contaminant capture velocities less than 100 fpm werg recorded,
mvestgators have found that TG measurements and smoke release observations tend to be a
more reliable mdicator of effectiveness of VFS developed for the USPS

It should, however, be noted that the USPS performance cnitena for contaminant capture velocity
have been set at a mmmum of 100 feet per minute at all enical locations regardless of any other
conswlerations

The system, as cbserved on June 4, 2002, seems to be pperating as intended  Analysis of data
done so far does not indicate any areas of poor or marginal performance 1n terms of contaminant
capture cfficiency It 1s, however, recommended that the USPS vent VFS exhausl to the ambient




air, outside of the plant, 1f at all possible Furthermaore, the filtration component of the system
should be evaluated to determing filirauon efficiency of the system  Also, NIOSH recommends
that a plan of routine preventative maintenance he implemented to ensure proper function of the
contaminant capture and {ilivatton capalities of the VFS



Table 1 TG capture Efficiencies at Evaluated Locations

Expeniment Location {Inttial Number Indicates Mail On? % Capture Dummy Mail in
Number Feed Station Number (Y/N) Effactiveness  [Place on Feeder
TG 3-feeder table-left N 99 69 Y
TG2 3-feeder table-vuddle N i00 15 Y
TG2 3-feeder table-riglt N 9979 b
1G4 3-destacker pmch area N a9 51 N
TGS A N/A N M
TG 3-1nside front ulter cover N 10G 60 N
TG7? 3-mside fTont OCR cover ™ 99 99 N
}__ TGR 3-mside front bufier cover N 99 81 N
TGO 3-inside front imjectoraccelerator cover N 98 §7 N
TG0 J-underneath MC-near ) /ace cover ™ 3763 N
TGI 3-leeder able-lefi N 99 00 Y
TG12 3-feeder lable-muddle I Q9 55 ¥
TG13 3-feeder table-night N 0§ 8% Y
TG14 3-destacker pinch area N 99 40 N
TG15 1-feeder table-left N 9% 46 Y
TCG16 1-feader table-mddle N 99 28 \'d
TG17  N1-feeder table-nght N 99 53 Y
TGI8 I-destacker pinch area N 99 54 ™
TG1Y L-mside franl ulter cover-vent fang not on N 29 36 N
TG20 1anside front OCR cover-vent [ans not on N g9 39 N
TG21 1-inside front tifer cover N 99 37 ~
1G22 1-mmzide front OCR cover N 99 65 N
TG23 l-mside front buffer cover N 96 41 N
TG4 1-inside front iyectorfaceeleratar cover N 09 33 N
TG235 L-ynderneath MC-near 1y iace cover N 09 32 Iy
1G20 2-inside front tilter cover/top Y 99 20 ~
TG 2-feeder table-left N 99 22 Y
TGS 2-feeder table-middle N 09 45 Y
TG29 2-feeder table-nght N 9% 50 Y
TG30  |2-undcrmeath MC-near in) /acc cover X 29 04 N
TG31  |3-mside froat tlier coveriop Y 99 29 1 N
TGG32 3-mnside front buffer cover Y 99 45 ~
TG33 3-undemeath MC-niear 1y /ace gover Y a9 82 N
T34 3-feeder table-ieft N 97 03 Y
TG35 3-feeder table-nuddle ~ 96 30 Y
TG36  [3-feeder tablg-night N 9711 Y
TCG37 1-feeder table-left N 103 70 Y
TG38 1-feeder table-nuddle N 10G 00 Y
T(G3% 1-feeder tahle-tight N 29 34 Y
TG40 l-ungderncath MC-near i) /acg cover Y 100 74 N
TG4l l-mside front injectorfaceelerator cover Y 99 34 N
1G42 L-wmside front buffer cover Y 103 40 N
TG43 l-nside front OCR cover Y 103 ol N




Table 2. Air Velocity Measurements at Evaluated Lecations (Ingial Number
Incdicated Feed Station Number}

Location Air Velocity
(feet per minute)

1-feeder table-left 106

1-fecder table-middle 108

1-feeder table-right 119
2-feeder table-laft 86
2-feeder table-middle 67
2-feeder table-nght 88
3-feeder table-left 85
3-feeder table-middle 104
3-feeder table-right 103




Figure 1 Tracer Gas Levels Over Entire Pariod of Experimentation

Drastic drops in TG levels are due to periods where the control was not being evaluated or
the TG monrtor was bemng zeroed, Large mstantaneous variations represent periods when
the TG sonrce was bemg moved; such values were not used for capture efficiency
calculations.
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Figure 2. Schematic of Typical Feed Station for AFSM 100
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