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ABSTRACT

Researchers from the National Institute for Ocecupational Safety and Health (NIQSH) conducted
an evaluation of the Ventlation/Filtration System (VFS) developed for the United States Pestal
Service (USPS) mail sorting system - the 010 Culling System  The ventilation control system
was developed and installed by a przvate contraclor hired by the USPS to reduce the potential for
employee exposure to harmful substances that could be contained in mail processed by the
equipment Thas effort 15 1n response to recent terrorisi attacks that used the mail as a dehvery
system for anthrax NIOSH was asked to assist the USPS n evaluating contraols for this and
other mail processing equipment

The 01} Culling System cansists of 2 conveyor systems that size collection mail  The first s the
Dual Pass Rough Cull (DPRC), and the second 1s the Locse Maul Distribution System (LMDS)
Evaluations were based an a variety of tests mcluding tracer gas expeniments, air velocity
measurements, and smoke release observations The experiments showed that generally there 1s
good capture by the ventllation system, however, there are some ponts that require unprovement
Results of tracer pas tests showed capiure efficiencies exceeding 95% for the majonity of the
positions tested The bypass chute for the LMDS showed poor control (68%) as did the exhaust
on belt LL-7 (82%) The other arcas of poor control were the flats gxtractors from the DPRC
lines 1 and 2 (23% and 48%, respectively), and the letter channel drop (49%) Smoke release
observations and air velocity measurements support these resulis  Smoke tests also revealed an
open arca near the hamper dumper for the EMDS above the cull belt that was not controlled

Based on these results as discussed in this report, the following recommendations are made to
further improve the control of patential contammants by this mail serting system

. Improve the ventilation on the letter channels exiting the waterfall area of the DPRC,
particularly near the ends where the mail pieces nndergo the most agitation

. Add exhausti to the area above the cull belt just after the hamper dumper
. Improve the ventilation for the flais extractors on the DPRC
v Redesign the exhaust hood for the letter channel drop The hood face was covered with

mail during eperation, preveniing the hood from opcraling properly

v



INTRODUCTION

The National Institute for Occupational Safety and Health (NIOSH) 15 located in the Centers for
Discasc Control and Prevention, wrthin the Department of Health and Human Services NIOSH
was ¢stabhshed m 1970 by the Occupational Safety and Health Act at the same time that the
Occupational Safety and Health Administration {OSHA) was established i the Department of
Labor The OSHAct legislation mandated NIOSH to conduct research and education programs
separate from the standard-sething and enforccment functions conducted by OSHA  An
aportant area of NIOSH research deals with methods for controlhing occupational exposure {o
potential chermical and physical hazards

The Engineenng and Physical Hazards Branch {EPHB} of the Divisien of Applied Research and
Technology (DART) has been given the lead within NIOSH 1o study and develop engineering
conlrols and assess their impacl on reducing occupahonal 1llness  Since [976, EPHB (and its
forerunner, the Engineering Control and Technology Branch) has conducted a large number of
studies to evaluate engineering control technology based upon industry, process, or controj
techmque The objective of cach of these sludics has been to develop, evaluate, and document
control techniques and to detenmine the effectiveness of the control techmgues n reducing
potential health hazards i an mdusiry or for a specific process

This 1s one of several reports for a project to evaluate controls that are put in place by the Umited
Stares Postal Service (USPS} 1o prevent the release of contaminants into the work area of postal
employees This report describes the evaluation of the performance of the Ventilation/Filtration
System (VFS) for the 010 Culling System

BACKGROUND

Researchers from NIOSH were requested to assist the USPS m the evaluation of particuiate
controls for various mail processmg equipmeni  These new conirols are bemng insialled to
significanily reduce operator exposure io any potentially hazardous contaminants emrtied from
mail durmyg normal mail processing  This effort 15 drven by the receni termonst attacks wiich
used the mail as a delivery system for anthrax NIOSH researchers have subsequentiy made
several trips to Washington, DU area postal facilihies te observe various mail-processing
machinery 1 operation and to study the effectiveness of the newly designed controls

The control evaluvated in this report 1s the VFES for the 010 Culling System  This control was
designed and mstalled by a USPS contractor to significantly reduce the potential for operator
exposure to bacterial contammnants that could be contained m mail processed by this cquipment
The contral was a prototype that will be changed to further improve 1ts efficiency  This system
was evaluated at the Memnfield, Virgima Processing and Dhstribution Center (P&DC) durmg a
field survey that took place June 17-18, 2002



HAZARDS TO POSTAL EMPLOYEES

The bacterium bactllus anthraces 1s a spore forming bacterrum, with spores typically in the s1ze
range 1-5 um [hsease caused by anthrax 1s mamfested 1n one of three ways mhalational
disease, cutaneous disease, and gastromntestinal disease ' Recent cases resulling from terrorst
attacks 1n which anthrax spores have been sent by maii to a U S Senator and 1o media offices
have heen both inhalational and cutaneous The cutaneous form of the disease generally develops
2-5 days following exposure and 1s usually successfully treated with antibiotics  The onset for
the inhalational form 1s typieally 1-6 days afier exposure and has a high fatality rate even with
appropnate treattnent  Exposure to anthrax spores by postal employees working i a mail
processing facility that serves the U S Capatol resulted in inhalational disease in several of the
workers 2 One potential area of exposure 1s the automated mail processing equipment used to
sort collection mail As the mail passes through the machinery, 1t 15 agitated and compressed 1n a
number of places that could cause the release of substances from the mail

DESCRIPTION OF EQUIPMENT

The USPS 010 Culling System 18 comprised of 2 conveyor sysiems thal size the eollecton mail
brought to the P&DC mto letters, flats (magarine size), and parcels The first system 1s called
the Dual Pass Rough Cull (DPRC) and the second 15 the Loose Mail Dastribution System
{(LMDS) The hampers of taw mail are loaded into the DPRC  Flats and parcels are separaied
from the letter mail and sent to the appropriate arcas of the facility for processing  The output of
the LMDS sends letter mail to the cancellation equipment  Figure 1 shows an overview of the
010 system

At the time of evaluation, the VFS for the 10 Culling System consisted of twe separate air
handling/filtration units thal provided exhaust for vanous locations of possible contaminant
release  Awr-Handlmg Umt#1 processed about 19,000 cubie feet per minute {cfm) and could be
switched to scrvice various arcas depending upon USPS processing needs, including the LMDS
arca and conveyors that send mail to equipment downstream of the 010 Culling Systern  Aur-
Handling Unzit #2 processed about 18,000 ¢fim and serviced the primary areas of the DPRC  Each
of these air-handling units was fitted with three stages of filtration composed of a pre-filter, u
MERYV 14 filter and a High Efficicncy Particulale Air (HEPA) filter  Furthcrmore, several areas
of potential contarminant release were grniclased or partially enclosed by the manufacturer so that
the VFS could more effectively protect the worker from exposure



METHODS
TRACER GAS
Apparatus

To quantitatively evaluale the capture efficiency of the ventilation system, a tracer gas method
was used The gas, chemucally pure sulfur hexafluoride (SF,), was released at a constant rate at
pomnts in and near the sorter to determune the capture efficiency of the venhilation and filtration
system (VFS) at these release points  Release ponts meluded areas where workers typically
process maill The gas was supplied through a mass flow controller {(Maodel 1359C-100008V,
MKS Baratron® & Control Products, Six Shattuck Road, Andover, Massachusctts, 01810) set to
praduce about 4 parts per mithon (ppm} m the exhaust outlet of the syslem  The exhaust from
the ventilation systcm was filtered and then returned to the workroom near the celling  The
concentration of the SF, was measured in the exhaust duct, just upstream of the filters In order
to sample this air strearn uniformiy, the exhaust air was drawn through a 1/4 m diameter copper
tube having six 3/32 m diameter hales spread umfonmly across the duct diamcter, mserted mto
and perpendicular to the exhaust duct  After exiting the copper tube, the air was first filtered
(HEPA Capsule Filter, Model #12127, Gelman Sciences, Incorporated, Ann Arbor, Michigan,
48106) to remove dust, and then pulled through 1 MTRAN® 203 Specific Vapor Analyzer
(Thermo Environmental Instruments, 8 West Forge Parkway, Franklin, MA 02038), using an
AirCon® gh volume aur sampler (Gilian Instrument Corporation, W Caldweil, Now Jersey) set
for approximately 30 Ipm. and using Tygon® tubing throughout the sampling svstem  After
exiting the pump, the sampled awr was released into the workroom The analogue cutput signal
from the MIRAN"™ was routed lo a PCMCIA 12-bit analog card (Quatech Modcl #DAQP-12,
Akron, OH) which allowed data storage and display at one-second ntervals in real-ttme on a
portable computer

Procedures

For these measurenents, the output signal from the MIRAN® was recotded at | second mtervals
Each measurement of capture efficiency was recorded for a 2 to 4 minute interval The MIRAN®
coneentration correspondiag to 100% capture was measured by releasing the SF; directly inte a
duct supptying the exhaust intake in that part of the systern  This measuremcnt was made
mmediately before and after the rest of the capturc efficiency measurements as well as between a
number of the e¢fficiency measurements, ta detect and correct for drift 1n the 100% level All of
the tracer gas measurements were made with the ventilation system blower turned on = A fow
measurements were made with test mail heing dumped on the cenveyor of the DPRC A Dist of the
sampling sttes 15 given in Table 1



SMOKE RELEASE
Apparatus

A smoke machine (Min1 Fogger, Model F-800, Chauvet USA, 3000 North 29" Court, Hollywood,
Flonda, 33020) was used to visualize air movement 1 and around these systems

Procedures

By releusing smoke at points in and around the sorter with the VFS operating, the path of the
smoke, and thus any airborne matenal potentially released at that point, could be qualitaively
determmned M the smoke was captured quickly and directly by the VFS, 1t was a good indication
of acceptable conirol destgn and performance  [f the smoke was slow to be caplured when
released at a certain point, or took a ¢circuttous route 1o the air intake for the exhaust, the VFS
design was considered marginal at that point Smoke release observations were made at the
hamper dumper, the hoods over the ¢ull belt, the LL belt, and at any hood or opening through
which exhaust was drawn  Also, we introduced smoke mside the machine near external gaps, and
watched for the escape of the smoke through the gaps  In addiuon, the dynamic behavior of the
VTS was observed with smoke The containment that covered the metermg and waterfall areas
was filled with smoke, and the time required by the VFS to clear the smoke was observed

CAPTURE YELOCITY
Apparatus
An anemometer was used to measure air speeds at exhaust openings on the LMDS and DPRC
{Velocicale Plus Anemometer, Model 8388, TSI Incorporated, P O Box 64394, 5t Paul,
Minnesota, 55164}
Procedures
To measure the velocities achieved by the control at critical pownts, the anemometer was held
perpendicular to the flow direction al those points  Velocitics were recorded at the hamper

dumper and at exhaust openuings around the sysiem Velocity measurement points included
typical worker positions during mail processing



RESULTS

Tracer gas

The mass flow controller was set to produce a 4 ppm concentration of SF, in the ventilation
system exhaust when 100% of the gas was being captured The relative concentration in the
exhaust as a result of tracer dosing at any pomnt, which 1s equivalent to the capture efficiency at
that pont, 15 given in Table 1 Thus data 18 shown graphically in Figure 2 The measured capture
efficiencies ranged from 0 23 to 1 02 at approximately nine different locations around the 010
system

Smoke

Smoke release experiments were conducted to visually determine how effective the exhaust
ventilation control is at various points around the mail distnibution system  Smoke was wcll
controlled m most areas and was found to be effectively captured by the exhaust system  Gaod
control was observed in the hamper dumper and waterfall areas of the DPRC Control was
somewhat margimal n the area around the Jetter channel exating the DPRC, 1t was detenmined
that the exhaust hood face was covered with mail  Smoke was released mto the enclosures
formed by the curtains that covered the conveyor areas of the DPRC to observed the clearance
ralcs In the metering area, there was good control, and smoke that was iryceted inte the area was
quickly removed The clearance i the waterfall area was somewhat slower, although still
considercd to be adequate to protect a worker who would need access to the area to clear a jam

Additional smoke tests were conducted on the cull belt of the LMDS  There were three canopy
type hoods with flexible plastic curtains over this portion of the belt  The smoke release showed
good control 1n this area  However, at the end of this line closest to the hamper dumper arca
where belt CC-1 dumps onte CC-4, poor control of smoke was noted  There 18 no exhaust in
place in this area  The other area where poor contrel was noted was at the end of the line that
feeds the AFCS machines, the outlet from the bypass chute was not well controlled

Velooty

Aur veloerty measurements were taken 1n areas that require operator access during mail sorting
Table 2 hst the velocity ranges recorded ai the various measurement locations At the DPRC,
velocittes were measured approximately 100-170 fpm near the hamper dumper in the plane of the
plastic curtain At the bypass chute from the LMDS, velocities under the chute were vanable but
i the range of 50 fpm, significantly below the tarpet velocity of 100 fpm  For the beli that feeds
the drops to the AFCS machmes (LL), the velocities measured near the exhaust hood entrances
were approximately 100-20{ fpm The face velocriies for the three canopy hoods over the cull
belt of the LMDS ranged from 96 fpmto 113 firm



DISCUSSION

Owerall, the exhaust ventilation syslems on the LMDS and DPRC provided good control as
shown by the experiments carried out on June 17 and 18, 2002 The measured capture
cificiencies exceeded 95% 1 most cases and were essentially 100% m many mstances The
tracer tests showcd a fow places that require additional ventilation or a change n the hood
design The bypass chute on the LMDS had a poor control efficiency of 68% However, it was
indicated at the time of the survey that this chute would not be used  1f 1t was made operational,
1t would he important ta increase the venrilation flow here Tracer measurements were taken at
the hood entrances on the belt that feeds the manl to the Automated Facer Canceller Sysiems
{AFCS) The efficiency measured ai LL-7 was 82% although gher efficiencies were obtained
at the other locations

The other areas that had unsatisfactory capture efficiencies were the flats extractors for DPRC 1
and 2 (23% and 48%, respectively) This area 15 of concemn as the current ventilation
configuratron 13 not effective and needs to be redesigned to obtain better control  The letter
channel drop onto CC-4 also had a poor collectton efficiency of 49% The hood tn this area was
covered with mail which resulied i the low efficiency Tl may be sufficient to redesign the hood
grille to preveni the mail from attaching to the exhaust surface

The simoke and air velocity tests suppord the resulis ot the tracer tests and provide some
additional mformation The area above the cull belt where the conveyor from the LMDS hamper
dumper drops was not enclosed and showed poor control  Smoke clearance tests were conducled
on the DPRC enclosurcs abave the metering and waterfall sections  Both showed quick
clearance of smoke (on the order of < | minute), although the clearance i the waterfall area was
somewhat slower The clearance rates are inporlant to detenmne how quckly the majonty of a
contaminant would be removed froni the area 1f an employce were required to enter the cnclosure
to ¢lear a jam

RECOMMENDATIONS

Based on the results of the measurements and observauons from the survey, the following
recommendations are made (o further improve the control of potential contaminants by this mail
sorting system

. Improve the ventilation on the letter channels exiting the watertall area of the DPRC,
particularly near the ends where the mail pieces undergo the most agitation

v Add exhaust to the area above the cull belt just after the hamper dumper

. Improve the ventilation for the flats extractors on the DPRC

. Redesign the exbaust hood for the letter channel drop  The hood face was covered with

mail during operation, preventg the hood from operating properly



Table 1 Posttions for Tracer Gas Release and Measured Efficiencies

Meas urement Description of Measurement Location ciency
Number

1 LMDS, hamper dumper, position A 1 00202

2 LMDS, hamper dumper, position B_ T00025

3 LMDS, hamper dumper, posttion € 0 99696 .
4 LMDS, hamper dumper, position D D 9995

S LMDS, cull belt, hood 1 101414
E_ L , cull balt, hood 2 1 ]
7 LMDS, cull belt, hood 3 0 99007

a8 LMDS, bypass chute 0.679

9 Exhaust on LL-10 0 96525

10 Exhaust on LL-10 {(other end} 098511

11 Exhauston LL-11_ 0 98331

12 Exhaust on LL-7 (0:31936
13 DPRC, bottom of hamper dumper 101063

14 DPRC, upstream of hamper dumper, on T00116 |

_ conveyor

15 RC, metening section 102174
16 DPRC, 2 hoad after hamper dumper 098663 |
17 DPRC, last dump station, end of conveyor 097671 |
18 DPRC, last dump station 1 00702
19 Letter chute from DPRC 2 100904 |
20 Letter chute from DPRC 1 096195 |
21 MX-2 1 98335
22 fats extractor, 1 0.23004
23 lats extractor, 2 0.47809
24 C-4, letter channel drop 0.48556
25 eeder 2, letier dump onto conveyor D 05360 |
26 Feeder 1, letter dump onto conveyor 0 95064 |
27 Package dump 0 95262

28 FRC 1, bottom of waterfall 0 97554
29 Repeat site 28 0 95438




Table 2 Positions for Arr Velocity Measurements and Recorded Values

Measurement Position Velocity Range |
1

p—1

DPRC, hamper dumpecr, plane at edge of belt 106-168
Bypass Chute from IL.MDS ~ 50
LMDS, exhaust on LL-§ 205
LMDS, exhaust on LL-6 166
LMDS, exhaust on LL-6 (end of hine) 120
LMDS, cxhaust on L1-8 106
LMDS, exhaust on LL- 10 102
LMDS, exhaust on LL-10 (end of line) 150
LMDS, cull belt, hood 1 113
LMDS, cull belt, hood 2 101
LMDS, cull beli, hood 3 96




Figure 1 Overview of 010 Loose Mail Cullimg System
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Figure 2 Efficiency of 010 Systern Ventilation
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