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ABSTRACT

Researchers from the National Institule for Occupational Safcly and Health (NIOSH) conducted
evaluations of a Ventilation and Filtration System (VES) for the United States Postal Service’s
Delivery Bar Codc Sorter (DBCS) The VIS was designed by the manufacturer of the DBCS to
reduce operator exposurc to any potentially hazardous contanunants emitted from letter mal
during normal mail processing  Evaluations were conducted at the Dulles, Virgima Processing
and Dhstinbution Center (P&DC) duning two separate field surveys Survey 1 took place on
Januwary 23, 2002 and Survey 2 took place on March 20, 2002

Evaluations were based on a variety of tests including particle count measurements, air velocity
mcasurements, smoke release observanons and fracer gas experiments Testing indicated the
followmg regarding DBCS locations targeted by the VES

. At the Vibrator Module, capture efficiency ranges from about 89% to 99% under normal
working conditions
. At the Feeder Table, efficiency 1s about 76% under normal conditions

. The Feeder Module has caplure effectiveness of about 99%
. At the Stacker Modules, efficiency ranges from about 97% 1o 99%
. With overhead ceihing fans on, there 1s some cvidence that the VES efficiency marginally

decreases at the Stacker Modules, Vibraior Module and Fecder Table

Based on these results and others discussed in this report, the following recommendations are
suggested regarding the VES

. The contaminant capture velocity at the Vibrator Module should be mcreased (o a level
that makes 1ts efficacy comparable to that of the Feeder Module and Stacker Module

. The contarunant capture velocity at the Feeder Table should be 1ncreased to at least 160
feet per minure

. The VFS exhaust slots at the Vibrator Module and Feeder Table should be moved to a
herght above the tallesi envelope to ensurc unohstrucred contanmnant capture

. Revision of the inlet area for the top row of Stacker Modules should be made to
amchorate the effects ol celling fans on amhient air currents

. More testing should be done regarding the decay rate of smoke from areas under cabinet

hoods since access to these hoods to clear jams 15 a frequent occurrence
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INTRODUCTION

The National Insuitule for Occupational Safely and Health (NIOSH) 18 located in the Centers for
Disease Control and Prevention {CDC), within the Department of Health and Human Services
NIOSH was established 1n 1970 by the Occupational Safety and Health Act at the same time that
the Occupational Safety and Health Admimstration (OSHA) was established in the Department
of Labor (DOL) The OSHAct legislation mandated NIOSH to conduct research and education
programs separate from the standard-setting and enforcement functions conducted by OSHA  An
important arca of NIOSH rescarch deals with methods for controlling occupational exposure to
potential chemical and physical hazards

The Engineering and Physical Hazards Branch (EPHRBj of the Division of Applied Rescarch and
Technology (DART) has been given the lead within NIOSH to study and develep engineenng
controls and assess their impact on reducing occupalional 1llness  Since 1976, EPHB (and 11s
forerunner, the Engineening Control and Technology Branch) has conducted a large number of
studies to evaluatc engineering control technology based upon industry, process, or control
technique The ohyective of each of these studies has been to evaluate and document control
techniques and to determine the effectiveness of the control techmiques in reducing potential
health hazards 1n an industry or for a specific process

This 1s the first report of 4 project to evaludle contrels that are bewmg put 1 place by the United
states Postal Service (USPS) to prevent the release of conlamnants into the work area of postal
emplovees A tiumber of mai! processing machines are bemg considered for ventilation controls,
and EPHB rcscarchers have been invited to cvaluate the performance of the Ventilation and
Filtration System {VFS) on the Delivery Bar Code Sorter (DBCS)

BACKGROUND

Researchers from the National Institute for Occupational Safety and Heaith (NIOSH) were
requesled to assist the USPS 1n the evaluation ol particulale controls for vanous mail processing
equipment These new controls are being installed to reduce operator exposure to any potentially
hazardous contanunants emitted from letter mail duting normal mail processing This effort 1s
driven by the recent terronst attacks which used the mail as a dehivery system for anthrax

NIOSH researchers have subsequently made several tnps to Washington, DC area postal
facihities to observe vanous mail-processing machinery in operation and to study the
effectiveness of the newly designed controls

The particular contro] evaluated 1n this report 15 2 Ventilation and Filtration System (VFS),
designed and 1nstalled by the Delivery Bar Code Sorter (DBCS) manufaciurer (o reduce operator
expesure o potential biological or chemical contarmimants contained 1in the mail  The VFS was
evaluated at the Dulles, Virgima Processing and Distnbutson Center (P&DC) dunng two separate
ficld surveys Survey 1 took place on January 23, 2002 and Survey 2 took place an March 20,
2002



HAZARDS TO POSTAL EMPLOYEES

The bactenium hacillus anthracts 15 a spore forming bactenum, with spores typically m the size
range 1-5 pm  Disease cuused by anthrax mamifests in one of three ways inhatational,
cutaneous, and gastrointestinal | Recent cases resnlling from terronst attacks i which anthrax
spores have been sent by mail to a U § Senator and to media offices have been both inhalational
and cutaneous The cutancous form of the disease gencrally develops 2-5 days following
exposurc and 15 nsually successfully treatod with antibiotics  The onset for the mhalational form
15 typically 1-6 days alter exposure and has a hagh fatality rate even with appropnate treatment
Exposure to anthrax spores by postal employees working m a mail processing facility that serves
the U S Capitol tesulted m mhalatonal discase 1n several of the workers ° One potential area of
exposure 15 the automated mail processing equipment used to sorl incomung mad  As the mail
passes through the machiery, 1t 1s compressed and impacted m a number of places that could
causc the relcase of substances from the mail

DESCRIPTION OF EQUIPMENT

The Delivery Bar Code Sorter (DBCS) 1s a multilevel, lugh speed bar code sorter capable of
processing bar coded mailpieces at an average rate of 35,000 mailpieces per hour This
equipment can process mail between the dimensions of 3 5 inches by 5 inches and 6 125 inches
by 11 5 nches? The DBCS umi that was retrofitied with a VFS consisted of a Vibrator Medule,
Feeder Table, Computer System, Feeder Medule, Transport Module, Reader Module and
mulnple Siacker Modules Observed treatment of the mail through the system s described
below A schcmatic of the DBCS 15 shown n lllustration 1

* {Contamners full of mail are taken [rom a large material handling cart behind the operator
and placed or dumped onto either the Vibrator Module or the Feeder Table The purposc
of the Vibralor Module 15 to settle the mail into the best position for acceptance by the
Feeder Medule An on-off switch, centrolled by the worker, operates the Vibrator
Modulc The Vibrator Module 15 sometimes bypassed when the maii 15 already well
orienied for iutake mio the Fecder Module

» Following the Vibrator Module is a Feeder Table, which serves as a buffer for mail
moving mto the Feeder Module

. The Feeder Modulc 1s the first place at which mailpieces are conveyed through pinch
rollers It 1s here that the greatest potcntial cxists for discharge of dust into the ambient
air, as mechameal forces of the pinch rollers can be as much as 22 pounds

. From here mail 1s automatically conveyed to 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 incorporatc moving belts, rollers and route-switching
gates to control mail movement



. Oncc mail has been conveyed to the Stacker Modules, 1t s fed into mdividual bins  The
mail prece cxpericnees high deceleration as 1t 15 stopped in the bin - An auger provides a
constant, low mechanical force to the last letter 1n the bin

v Another worker 15 responsible for manually moving soried mail from the Stacker Module
bins mto appropnate contawners for further processing

DESCRIPTION OF CONTROL

The VES has been designed and installed for the DBCS by the DBCS manufacturer The VFS
was designed to reduce emission of biologcal contamunants such as spores of B anthracis mto
the ambient atmosphere through use of local exhaust ventilation {(LEV) and air filtration units
Additionally, the VFS was designed to reduce machine down time and mamntenance caused by
paper dust accumulation

Fitration System

The VFS manufacturer claims that the filtration system of the VFS will removc particles as small
as 0 5 mieron with an efficiency of 99 999% and particles as small as 0 3 mucrons with an
efficiency of 99 97% with a combination of standard filtration and hgh-efficiency particulate air
(HEPA) fillers According to the manufacturer, the primary filter cleans itsclf automancally and
needs to be changed every 1 to | 5 years, while the HEPA (secondary) filters must be changed
about every 3 to 4 5 years Maoreover, the manufacturer states that the filiration umt generates
noise to a level of about 80 dBA at five feel [rom the floor at u distance of one foot from the
platform edge of the filtration umt The floor space required for the Collection, Vacuum and
Filtration Unit 15 about & ft by 10 ft

Dust Collection Unit

The manufacturer’s strategry for dust collection was, in part, to modify access covers of the
machines in order to totaily or partialiy chelose the source of contaminant and control the
direction of airflow inte the machine Prior to Survey 1, areas that were targeted for dust
collection were the Stacker Module, Transport Module, Reader Module, Vibratar Module,
Feeder Table and Feeder Module The Vibrator Medule and Feeder Table were not yet madified
for dust collection by the manufacturer beforc Survey 1, so additional evaluations of control
cffectivencss at the Vibrator Module and Feeder Table were conducted dunng Survey 2

Letter transport locations such as the Transport Module and Feeder Module were fitted with
vented covers, where needed, to surround dust-crmithing areas  In appheable Transport Module
locations, turbulent mduction methods were used to prevent dust particles frony setthing

In the Stacker Modules, clear, polyvinyl shtted curtains were mnstalled to reduce airflow area and
inerease capture velocities, as well as to reduce sound emissions while permitting worker access
1o remove mail - The rear doors of the Stacker Modules, not accessed during normal operation,




were fitted with slotted plenum siructures 10 mare evenly distribute the flow of air at the front,
working side of the module

METHODS

AIR VELOCITY MEASUREMENTS

Velocity measuremcnts were taken using a Veloeicale A Velocity Meter (TSI, Incorporated,
Shoreview, MN) Measurements were taken at exhaust inlets to the DBCS, including at the
Feeder Module and Stacker Modules

PARTICLE COUNT EXPERIMENTS {Survey 1)

Since NIOSH had previously used particle count methods to evaluate LEV at the Internal
Revenue Service, 1t was decided to try to use these methods 1o evaluate the LEV at the USPS
Two particle count methods were used as follows

1 POWDER-SPIKED ENVELOPE EXPERIMENTS

Experiments were made (o simulate the relcase of anthrax mto the DBCS and work zong by
usiig regular business envelapes contatnmg powdet provided by USPS Engineering A hright
orange, fluorescent powder (Day-Glo Color Corp , PN FT-135-N) was placed inside a standard
business envelope along with an 8 5 1in by 11 1n sheet of copy paper that was folded m thirds
The folded paper was used to crcate a pocket of air, as 18 present 1n most mailpicces, that would
a1d 1n the dispersal of the powder when a mechanical force was apphied to the envelope 1t
should be noted that no precise effort was made to measure the amount of powder put 1n the
envelopes, althongh similar amounts of the powder were placed 10 each Likewase, no attempt
was made to regulate the amount of powder emntting from the envelapes upon apphication of
force as there 15 currently no known available method for doing so

Far each experimental run, one o three powder-filled envelopes were placed mto test mail at the
Feeder Table before the Feeder Module Twenty-one powder-filled envelope expeniments were
conducted Data were collected simultaneously from particle counters located 1n four different
places for these expenments at the Fecder Module (Mel One Hand-Held Particle Counter,
Model # 227, Met One, Incorporated, Grants Pass, OR}, the computier system directly behind the
Fceder Table (Met One), and approximately in the breathing zone of the worker at the Stacker
Module Bins 1 and § (Gnmim Technologies Particle Size Analyzers, 1100 Senes, Gnmm
Technologies, Incorporaied, Douglasville, GA)

2 REGULAR MAIL EXPERIMENTS

Pariicle count experiments were also made with regular mail (1 &, not with envelopes spiked with
pawder} The procedure for these cxperiments was simply to compare particle count values with
the control on to particle count values with the control off In all, 10 expeniments were made (5
control-off and 3 control-on) The locations of monitoring and particle size disinbunions
analyzed were 1dentical to those of the spiked-letter experiments These were of much longer
duration than the powder-spiked cnvelope expeniments, lasting between three and e1ght minutes



For both the powder-filled envelope experiments and for regular mail experiments, data for
Stacker Module Bing 1 and 8 were based on particle counts of the 1 to 5 micron size  This range
of particle diameters was selecied for analysis because it matches the diameter range of the target
contarmnant, anthrax Data for the Feeder Module and Computer System locations were based
on particle counts 1n the > 1 mucron range, this range of particle diameters was sclecied because
1t was the available choice most closely approximating anthrax

For the calculation of control eftectiveness, the median particle count value in each trial was
used For tnals camed out during runs of regular mail, the 95th percentile particle count value
was also used n efficiency calculations to characterize effectiveness at extremes For either
response vanable, ratios were used (o cshimate reduction due to the control-on compared Lo
control-ofl  For the powder-filled envelope expeniments, these expenments were intended to sec
1f the peaks associated with powder-filled envelopes in the control-off environment wore
distinguishable from peaks in the control-on environment  Also, the data were to provide a basis
for comparing the average value of the control-oft tnals with that of the conirol-on tnals

SMOKE RELEASE OBSERVATIONS (Survey 2)

Smoke was released at gll gaps in the machine chassis, whore ntemnally released aerosol might
escape into the wotkroom environment Qualitative obscrvations centered on determunation of
how qinckly and effectively the control captured smoke generated For example, 1f the smoke
was captured quickly and directly by the exhaust systemn, 1t was a good indication of acceptable
control design and performance However, if the smoke was slow to be captured when released
at 2 certain point, or took a crreurtous route o the exhaust nlet, the ventilation system design was
considered marginal at that location These observations were aided by the use of a focused,
hugh-miensity light source

Smoke was generated where mechanical forces from the maching are greatest and where
potenhal contaminant release 15 furthest away from the control’s exhaust, thesc are locations
where the greatesl potenhial for release of contannant inta the workyoom environment Al the
Vibrator Module and Feeder Table, the smoke was released at a point where contaminant would
be released from the corner of a business envelope furthest away from the control, 5 m from the
slot and 3 5 in from the top of the module surface At the Feeder Module, the smoke was
released at several pinch pomnts where mechamcal forces are the greatest, including the set of
pinch rollers ciosest to the face of the control’s exhaust At the Stacker Modules, each row was
tested (rows 1-4) at every Stacker Module {modules 1-12) for a total of 48 observations Smoke
for each one of these observahons was directed at the area between the tarl end of the mail prece
angd the deceleration pad at the adjacen( stacker bin

Also, smoke was introdueed inside the machimne at the Feeder Modulc and Reader Module to
observe the dynamic behavior of the ventilation control system  For example, the DBCS was
filled with smoke inside the cover at the Feeder Module and then the cover was opened to make
observations regarding the rate at which smoke evacuated the machine
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TRACER GAS EVALUATIONS (Survey 2)

By releasing a tracer gas (TG) at a constant rate where contarminant conlrol 1s desired, and by
measunng the corresponding TG conceniration downstream mside the exhaust duct, a
quantitative measure of control effictency can be made The first step was to release the TG
inside the duct to find the conceniration C100 corresponding to 10094 capturg, thig was done
before and after other TG experiments were made  Then, when the TG was released at a point
near the Feeder Modhile, for example, resulting m a concentration C 1n the duct, the capture
cfficiency at the feeder point was calculated as C/C100 Whulc the cxhaust air carrying the TG
should 1deally be released outside to eliminate an increase of the background level of TG,
experimentation m a large room such as the one contarming the DBCS shonld net sigmficantly
ncrease the background concentration during testing  For these expenments, 100% sulfur
hexaflnoride was used as the tracer The mstrument used to detect the sulfur hexafluoride was a
Miran 203 Specific Vapor Analyzer (The Foxbore, Company, Foxboro, MA)

In each TG trial, one nunutc was allowed for the concentration to cquilibrale before average
concentrations were detcrmimed  Because the C100 values appeared to drift during the study, the
maximum of each trial was usually used as the C100 value for that trial  Exceptions were in
trials 3 4 and 5 {Vibrator Module and Feeder Table), m which the average C100 valuc over other
tnals was used for efficiency calculations The numerator of the ¢fficiency dcterminations was
the mean of the tnal values In addihion, a measure of variability was computed for each triat —
the mterquartile range, the difference between the 75" and 25" percentiles *

At the far nght side of the Vibrator Module, TG was relcased at points corresponding to the top-
ouler cornet, tep-mner corner and bottom-1nner corner of a standard business envelope At the
far left side, TG was releascd at the top-outer comer of a standard business cnvelope At the
Fecder Tuble, TG was released noar the center of the modulc at a point matching the top-outer
corner of a standard business envelope  Here, the Feeder Table was loaded with test mayl to
more accurately simulate working conditions At the Feeder Module, TG was released at the first
pmch rollers, and at points corrcsponding (o the top and boitom-outer comers of a standard
businese envelope For Feeder Module expenments, fost mail was on the adjacent Feeder Table
1o sumulate regular working conditions At all Stacker Madule Jocations, the TG was released at
a pont halfx ay hetween the top and hottom commers of a standard business envelope on the lefi
side Moreover, one envelope was placed in cach Stacker Module bin to simulate standard
working conditions  Stacker Moedule locahions tested were at bins 4-7 (Stacker i), bins 84-%7
(Stacker 6) and bims 179-182 (Stacker 12} These stacker locations represented all four rows of
bins at the far left, conter and far nght of the bank of Stacker Modulcs

Also, TG was mtroduced msiwde the machine at the Feeder Module, Transport Madule and
Reader Module to quantify the dynanmue behavior of the ventilation control system  To fhis end,
the DBCS was filled with TG for a penod of 2 minutes inside the cover at cach of these 3
locations  Directly alterward, the cover was opened, the TG was removed from the module at a
distance of about 20 yards and TG levels were recorded downstream by the Miran 203 Speaific
Vapor Analyzer for a pertod of 2 mmutes  These recorded TG levels were subsequently used to



characterize the dynamic behavior of the control system It should be noted that when the cover
was opened and the TG was removed from the modules for these dyname behavior expenments,
the TG was not sumply turned off, but was taken a distance away from the control This method
of removiag the TG from the modules was cmploved duc to concemn that tarining off the TG
would affect the flow rate {or subsequent TG expenments

RESULTS

PARTICLE COUNT MEASUREMENTS

1 POWDER-SPIKED ENVELOPE EXPERIMENTS

i turned out that the companson of the of maximum values for cach control-ofY experiment
indicated no stahistical difference between the maxunpum values when powder-filled envelopes
were sent through versus when only regular mail was processed The data taken at the two
Stacker Modules were studied extensively, since 1t was possibie to study a restricted particle size
range, from one to five nucrons At these locations, the difference were not statistically
sigmficant, and i practical terms, the differences were quite small For instance, for Stacker
Module 1 the average difference between the maximum valucs when powdcr-filled cnvclopes
were scnt through versus when only regular magl was precessed was less than 10%

2 REGULAR MAIL EXPERIMENTS

Based on these trals, the pomt cstimates of particulate reduction with the LEV on compared to
LEV off (Table 1) was compuied to be about 99 5% at the Fecder Module, 56% at the compuler,
45% at Stacker Module 1 and indetermmnate for Stacker Module 8 The control system was
capturning particles at a high cificiency at the Feeder Module, hut the efficiency of the control was
reduced at other locations  This can be attnbuted to the high variability of data at certain
locations and inconsistency of data in differcnt tnals Bascd on the vanability of the data, the use
of other test mcthods were recommended, which led 1o the use of Smoke Release Observations
and Tracer Gas expenments for Survey 2



AIR VELOCITY MEASUREMENTS
Air velocity measurements were made at the enirance to the Feeder Module and at various
locations at the Stacker Module Results are given below

Location Meaurement1 | Meaurement 2 | Meaurement 3
(feet par minute}|{feet per miute)| (feet per minute)
Entrance to Feeder Module 600 525 450

Stacker Bin 4 58

Stacker Bin & o6

Stacker Bin 6 38

StackerBin 7 6

Stacker Bin 12 84

Stacker Bin 13 ] 46

Stacker Bin 14 f 37

Stacker Bin 15 | 24

Stacker Bin 20 43

Stacker Bin 21 57

Stacker Bin 22 a0

Stacker Bin 23 25

Stacker Bin 68 72

Stacker Bin 69 A0

Stacker 8Bin 70 54

Stacker Bin 71 50
Stacker 8iny 100 54
Stacker Bin 101 78 |
Stacker Bin 102 63 |
Stacker Bin 103 46 i
Stacker Bin 108 73 |
Stacker Bin 109 81 |
Stacker Bin 110 74 i
Stacker Bin 111 49 |
Stacker Bin 175 32 f
Stacker Bin 176 38 I
Stacker Bn 177 31 I
Stacker Bin 178 10 |
Stacker Bin 183 a4 -
Stacker Bin 184 34
Stacker Bin 185 a9
Stacker Bin 186 22




SMOKE RELEASE EXPERIMENTS
Smoke Release cxperiments showed the followmng results regarding the capture efficiency of the

VTS

. Smoke releasc experuments clearly corroborated earlier findings that the control 1s highly
eflective al the Feeder Module When smoke was mfroduced mnto the openung, where a
burst of particles would probably onginate, all visible smoke was quickly carmed away by
the exhaust system

. At the Vibrator Module, smoke release experiments showed marginal results  The large
smoke cloud was only partiatly captured at this location and, moreover, smake capture
worsened as the gencration point moved away from the contrel’s intake slot

. At the Feeder Table, smoke capture was mumimal, most of the generated smoke diffused
mio the ambient atmosphere rather than entering the exhaust slot
. At the Stacker Modules, smoke relcase cxperiments were umiform for all locations The

ratc of capture at all locaiions was not as ngh as at the Feeder Module but was uniformly
adequale to keep smoke from entering the workroom environment  Moreover, the smoke
was eventually entircly captured by the control at all logations The only exception to
these observations was dunng Lines when the ceiling fan was running when the ¢loud of
smoke was not entirely entrained 1nio the control for the top row of bins at stackers
dircetly under the cetling fans (Figure 2)

. Smoke rclcuse cxpeniments were conducted under the door of the Feeder Module and
Reader Module to determune the decay rate of visible smoke from covered areas that ure
frequently opened by the operator to clear jams inside the machine In the Feeder
Module, visible smoke was evacuated 1n less than 5 seconds and in the Reader Module 1t
took more than 15 seconds

TRACER GAS EXPERIMENTS

Al the Vibrator Module, point estimaies of the efficiency ranged from about 89% (o 99%
Specifically, the efTiciency of the conirol at the far nght of the Vibrator Module was 97% when
the TG was placed at a location corresponding ta the top-outer comer of a standard business
cnvelope (Figure 2)  Also, at the far nght of the Vibrator Module, the efficiency was 99% when
the T'G was placed 1n a position corrcsponding to the top-inner comer of a standard busingss
envelope and 92% when the TG was placed at 4 location carrespanding to the bottomn-outer
cormer of & standard business envelope  When the TG was placed at the far lef? of the Vibrator
Module and at a position corresponding to the top-outer corner of a standard business s1ze
cnvelope, the control’s efficiency was 89%

Vanabilily 1s another important aspect of the TG data measured at the Vibrator Module Yocations
Clearly as the tracer gas 1s moved away from the slot, the efficiency not only decreased but was
also much mare inconsistent (Figures 3 and 4) The interquartile ranges for the tnals further
from the slot were statistically distingushable (larger) from those closer to the siat (Table 2)



At the Feeder Table, the TG indicales that the efficiency was about 76% This value mdicates
that the control was most neffective at this location, which 1s supporled by qualitative
obscrvahions made at this location dunng the smoke release cxpenments In addition, the
interquarhile range was larger than the majonty of the trials

Efficiencies of 99% were observed for all tested locations at the Feeder Module The cfficiency
of the sysiem at the Stacker Modules 15 quite consistent at cach location tested and shows a range
of 97 3% to 959 4% (Tablc 2) Expenments were alse made at the Feeder Module, Transport
Module and Reader Module to estimate the attenuation rate of TG from the system once doors
were open  These results are shown in Figures 5-7

DISCUSSION AND RECOMMENDATIONS

FEEDER MODULE

Data collected from spiked-envelope experniments and regular mail expenments duning the
January 2002 survey clearly indigate that the control 15 efficient at the Feedeor Modulc intake
(Table 1) This detenmnation 1s supported alse by observations made dunng the smoke release
expenments and T(: expeniments (Tahle 2} Whith capture rates i the 99% range, the LEV 15
mos! effective at the Feeder Module location

It should be noted that no experiments were made to determine the efficacy of the contirol at the
Fecder Module with the cover open  Duning Survey 2, 1t was noted by USPS mamntenance
personnel that operaters {frequenily find the cover an obstruction and leave the cover open while
runnming mail This situation would theoretically cause a sigmificant decresse m the control’s
cffcchiveness at this lecanien  Contrel at this location 15 critical since pinch rollers exert about 22
pounds of mechamical force on the envelopes m close proxmmity to the operator’s work zone at
the Feeder Module inJet It 1s recommended thal a delermunation be made whether the cover
does, indeed, obstruct preper operation of the DBCS  Follow-up 1o such a determnation could
include traming on the usc and bencfits of the DBCS with a control, alteralion of the cover, or
alteration of slandard operating procedures at this location

VIBRATOR MODULE

Due to the imprecision of the data from particle count experiments and because the VES was
changed sigmficantly at the Feeder Table and Vibrator Medule following Swrvey 1, discussion of
LEV effectiveness at these locations 1s salely based on data collecled during Survey 2

Smoke release data suggest that the control at the Vibrator Module 1s not as effective as 1t1s at
other locations, such as the Stacker Modules or Transport Modules This conclusion 1s based on
the obscrvarnion that some smoke visibly escaped into the workroom environment during
ghservanons at the Vibrator Moedule (Figurc 8) TG expenments substantiate this conclusion
ssnce the LEV effigiency at the Vibrator Module was estimated to be as low as 89 4% at the point
wherc a comer of a standard bustness-size envelope s furthest away from the slat

10



Comparatively, at the Stacker Modules, the LEV efficiency esumated by the TG experiments was
at least 97% and al least 98 8% at the Feeder Module

Unfortunately, the amount of biological contaminant that could escape from an envelope 15
dependent on the amount contained 1n the envelope and other factors such as the porosity of the
cnvelope matenal, how well 1t 15 seuled, etc  Also, the threshold lumt of a contaninant that
could cause Lllness 15 wnknown as 1t will vary for cach worker Thercfore, determination of how
efficient the control should be at the Vibrator Module 1s uncertain, at best Tt 1s recommended,
however, that the capture velocity at the Vibrator Module be incrcased to a level that makes 1ts
efficacy commparahble o that of the control at the Feeder Module and Stacker Modules There are
several reasons for this recommendation  Firsl, 1t seems reasonable to expect the vendor fo create
a ¢consistent caplure capability across the entire work zone of the operator, and as smoke releasc
experments and TG cxpenmenis indicale, this 18 nol the case at the Vibrator Module
Furthermore, special care should be taken to proteot the operator from hiclogcal contaminants
here because of the mechanical forces placed upon letters while being vibrated

Local exhaust ventilation design principles predict that a control becomes less effective at points
further away from the mtake slot of the control This 1s consistent with our ficld sludy, since the
contro! was only 82 4% effective when TG was released at a pomt corresponding to the corner of
a business envelope farthest away from the slot  Sice 1t18 just as likely for biological
contarmnant to be released at this point as any other, 1t 15 recommended that the system be
designed ta create a capture velociiy here (5 inches away from ihe slot and 3 5 inches above the
lablc} that 15 comparable te capture veloctties of modules with efficiencies 1 the high 90%

range It 1s also recommended that the position of the slot be above the level of envelopes so that
the slot 1s not blocked during normal operating procedutcs

FEEDER TABLE

As menttoned 1 the diseussion of the Vibrator Module above, discussion of the control at the
Feeder Table 1s fimited to smoke release and TG experiments made dunng Survey 2
Observations made dunng the smoke rclease expentments indicate not only that little smoke was
being captured by the conirel but also that this was the weakest ink in the control system TG
expenmentis substaniate these observalions n that only 76% capture efficiency was observed at
the Feeder Table

Recommendations [or a capture velocly at the furthest theoretical source of contaminant are
more difficult to specify for the Feeder Table  First, mechameal agitation at ths location 15 much
less than at the Feeder Module, Vibrator Module or Stacker Module  Morcover, varying
operatmng procedurcs imake a clear recomimendation difficult, during NIOSH observations some
operators flipped entire trays of mail onto the Feeder Table with much foree, wiule sorme
operators placed the mai) onto the Vibrator Module and gently moved the mail to the Feeder
Table with hittle agitation  According 1o the Industnal Ventilation Manual, which makes
recomimendations for capture velocities based on a vanety of canditions, for cases i which the
contaminant 15 released with practically no velocily into quict air, the recommended mmimuym
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capture velocity 13 100 fpm  However, where the contamminant 1s released at low velocity mto
moderately still air, the recommended capture velocity 1s 200 fpm ¥ Rased upon these
recommendations and observed conditions at the Dulles PD&C, we recommend a capture
velocity at the furthest pemt of contamination along the boundary of the largest prece of mail to
be no less than 100 fpm at the Feeder Table Furthermeore, 1t 15 strongly recommended that the
exhaust slot at the [ceder table be higher than the letters that rest up agamst o, which 1s currently
nol the case In the event that an entire tray full of letters 15 dumped onto the Feeder Table, a
condition frequently observed, lctiers would cover a large portion of the slot, and the cfficacy of
the control would be adversely affected

STACKER MODULES

Estimaies of the control’s efficiency at the Stacker Modules based on the dust-spiked letier
expermments and regular mail expeniments range {rorn ncgative ta 60% It should be noted,
however, 1hat determnation of reduciton ratios in these experntments are a mummum estumate and
that actnal reduction of contarminant directly affected by the control could be sigmficantly higher
There are several reasons that the expenments conducted during Survey 1 were mmadequate to
determime the tolal capture efficiency of the control  Fuwrst and foremest, we were unable to
censistently generate enough particle dust in the powder-filled envelope expenments to be
discemable from background dust at Stacker Moedules 1 and 8  Furthermore, mises in particle
counts at Stacker Modules ! and 8 that were not from the powder-filled envelopes confeunded
maore precise data analysis  Such rises can he explained by worker activity in the vicinty of the
particle counfing instruments, just working with mail seems to generate enough dust to match or
excced that generated by mechamical forces on the powder-laden envelopes

Becausc of thig situation, among others, 1t was decided that LEV effectiveness should be re~
cvaluaied at the Stacker Modules with TG and smoke relcase expeniments  [ndeed, these
methods did provide a much more solid basis for evaluation at the Stacker Modules Results of
the smoke release expertments show that the control 15 eflective al keepimg a simulated
contammant oul of the breathing zone of the worker during normal operating conditions  Also,
TG experiments support the cbservation that under normal conditions at least 98 394 of the TG 15
eventuzlly betng eatrained into the exhaust

When the overhead fan was tumed on, however, some of the smoke did escape 1o the area,
especrally when the smeke was released on the fop row of bins TG experiments with the
overhead fans on somewhat contradicl smoke release experiment aobservations that contamunant
may be escaping when relcased under the ceiling fan  On the top rows of bins, the TG
expenments stll show a TG capture of 98 3%  One cxplanation for this discrepancy s that, with
the fan on, the relatively high release velocity of the smoke compared to the TG, makes 1t more
likely for the smoke to exit the control’s exhaust, thus making smoke release observations more
susceplible 10 ambient air currents A contradictory explanation of why TG capture ratcs at the
top rows of Stacker Modules remain high, while smoke experiment obscrvations indicaie
mconiplete capture, 1s that even though the TG may be blown away from the exhaust system
temporarily, 1t may be recaptured later at a different locabon in the system  Therefore, since the
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use of these fans may be unpredictable, 11 might be prudent o revise the inlet area for the top row
of stackers so that the draft from the fan does not pull air out of the eapture region

TG AND SMOKE ATTENUATION EXPERIMENTS

Smoke release experiments made 1n the Feeder Module indicate that 1f a biclogical contamnant
were to be released under the hood and a worker were to immechately walk over to open the
cover to cloar a jammed ptece of matl, 1t would take at least 5 seconds from the time of release
for the area to be cleared of the majority ol the contammant  Therefore, as long as 1t takes at
least 5 seconds to get ta the cover and open 1t, the majonity of the contaminants would have been
removed (new contarminants could not have been introduced since Jammed mailpieces siop the
machine) Simularly, if release took place at the Reader Moedule, 11 would take at least 15 seconds
for the contamunant to be evacuated from the area Therefore, a delay on ke part of the operator
1s suggested belore opeming the doors of the Reader Module TG aitenuation experiments only
support these smoke release observations to a certain degrec  Although the T'G 1s cvacuated from
the Feeder Module at a faster rate than at the Reader Module, there 15 still a large percentage ot
TG that appears to remarn in the system several mmutes after the TG 1s removed  Although no
clear explanation exists as to why this should be true, accumuiation of the TG i downstream
portions of the ventilation system might be responsible for the TG dala Conclusions drawn from
these experiments are {herefore somewhal uncerlatn It 1s recommendcd that additional testing
be done to determine the bme needed 1o evacnate covered areas that are [requently opened 1o
clear jams
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Table 1

Particle Count Experniments-Regular Mail
Estimatcd Reductions for Vanous Locations & 95% Individual Lower Confidence Linuts
For > 1 mucron at Feeder Module and Computer System
Between 1 and 5 microns for Stacker Modules 1 and 8
(Parrs {control-on, cantrol-ofl) treated as fixed)

15

Location Points Deleted Capture Capture Efficiencies
Efficiencies Based Based on 95"
on Median Yalue of | Percentile Value of
Trials (LCL) Trials (LCL)
Feeder Module None 99.5 (99 3) 95 0 (93 0)
’ 1* 10 values intnal | 99 5(99 4) 9G1(938)
Computer None 56 (22 52 (263
1* 10 values i trial | 60 (26) 02 (41)
Stackcr Module 1 | None 45 (27) 29 (28)
1% 10 values mn thal | 52 (26) 60 (33)
Stacker Moduie 8§ | None -6 -31
1* 10 values mtrial | 12 | -29




Table 2
TG Experiment Efficiencias

Experunent Efficiency Experimenis with | Inter-quartile [Expenments with] Location
PPoiot Same Letier Have Range Same Letter
Fstumates* [Efficiencies That Are {ppm) Have Inter-
Nat Dufferent at the Quartile Ranges
o5u% Coenfidence That Are Not
Level Mntferent at the
9545 Confidence
Level
| 097 B 0103 i3 Vibrator Maod -right/top-
Qut
2 o094 B 005 FE] Vibtator Mod -nghtftop-
1
3 Goté 0177 C Vibrator Mod -
right'bottorm-out
4 3 894 o {J [E2 ' Vibrator Mod -lefiitop-
aut
5 i} 76 L C a1s [ || Fecder Table
6 499 B 0039 B | Feeder Module Inlk
7 099 B I B Feeder Module
] 098 B 0059 I Feeder Module
]
O 01693 B 0022 B Stacker 1-bin 4
10 0984 | B 0076 B Stacker 1-bin 3
11 {1 GBS B QU3 B Stacker 1-hn 6
12 0973 B | Qo5 B Stacker 1-n 7
L
13 0993 3 0036 B Stacker 0-bin 84
14 0 u94 3 022 B Stacker 6-tnn 85
15 {991 B i D49 B Stacker G-tun 86
16 {} vad i qa13 B Stacker 6-lnn 57
{ 17 0 ug3 13 002 B Stacker 12-bn 179
Iz {} B85 B | oose B Suicker 12-hin 180
19 {1994 B 0024 ! B Stacker 12-hm 121
20 084 B goa: | B Stacker 12-bm 182
1 1 !
21 0983 ] 0 045 ! B [ Seacker fi-fan on
I
22 0 987 | i3 (034 B Swcker i-fan on
23 0985 | B 0064 B Vibrator Mod -fan on
f
| *or funs 3.5 100% value based on average values for runs 1,2 6-15
H * tor other Tuns, 100% values are cach experiment's maximum values
| 1
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Figure 1. Picture of Smoke Release Experunent at Stacker Module, Note that at the top
level of bins, the smoke 15 cscaping past the plastic curtains when the overhead ceiling fan 1s on
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Figure 2. Location of TG Experiment at far right of Vikrator Module at a location
corresponding to the top-outer corner of business sized envelope
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Figare 3. TG data at far left of Vibrator Module at point representing top-outer corner of
business sized envelope.
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Fygure 4. TG data at far right of Vibrator Module at point representing top-outer corner
of business sized envelope.
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Figure 5. TG attenuation experiment data at Transport Module
Data 1s taken over 3 minute experument
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Figure 6 TG attenuation expeniment data at Feeder Module,
Data 13 taken over 3 nunutc experiment
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Figure 7. TG attenuation experiment data at Reader Module
Dala 1s taken over 3 munute experument
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Figure 8. Smoke Release Experimept made at Vibrator Module.
Note that some smake 1s escaping into ambient air
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