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ABSTRACT

Tracters equipped with environmental enclosures can be used te protect workers from pesticide
spray must and other particulate air contaminants  In these cabs, a fan pulls air through filters and
then blows this ¢leaned air into a cab, pressunzing the cab These enclosures may be used
instead of respirators to protect the workers from pesticde spray mist  Because such enclosures
may be 1n use for many years, enclosure performance may degrade due (o aging and madequate
maintenance  To evaluate the extent to which tlus occurs, 3- to 4-year-old enclosures retrofitted
to tractors were evalualed at San Joaquin Helicopter Company A sungle 3 to 4-year-old
enclosure was evaluated Ophical particle counters were used to measure the acrosol
cancentration nside and outside of the cab The ratio of these concentrations ts termed
peneiration, the fractron of the aerosol which penetrates into the enclosure  For particles in the
0 3 to 0 4 pm range, penetration mto the cab was reduced from 0 11 1o 0 004 by elminating
leakage around the filter Some of this reduction in penetration occurred because manufaclunng
nustakes were corrected  This leakage occurred due to a bowed flange and inapproprate sealing,
of the shect metal uscd to separate the incorning aw from the arr which has passed through the
filter Also, the filter gasket matenal appeared to be 2 source of leakage When the gasket
matenal on a used filter was replaced with new gasket material, the observed penetration was
reduced from 0 (48 t0 0 0065 Thas suggests that the filter gaskets are deformung and allowing
leakage The results collected during this survey indicate that the manufacturer needs to
implement a quality control program to ensure that all cabs provide adequate exposure reductzon
Furthermore, the degradation of filter gaskcet matcrial over tume needs to be muntmized to ensure
that the environmental cabs continue to provide acceptable exposurce reduction



INTRODUCTION

The Nattonal Institute for Occupational Safety and Heaith (NIOSH), a federal agency located m
the Centers for Discase Control and Prevention under the Department of Health and Human
Services, was established by the Occupational Safety and Health Act of 197¢  Thas legislation
mandated NIOSH to conduet research and education programs separate from the standard sefting
and enforcement functions conducted by the Occupational Safety and Flealth Administration
(OSHA) 1n the Depariment of Labor  An important area of NIOSH research deals with methods
for controlling eccupational exposure to potential biclegical, chemueal, and physical hazards

The Engineening and Physical Hazards Branch (EPHB) of the Division of Applhied Research and
Technology (DART) studies the engineenng aspects relevam to the control of hazards 1n the
workplace Since 1976, EPHB has assessed control technology found within selected mdustrics
or used for common industrial processes EPHB has also designed new c¢ontrol systems where
current industry control technolopy was insufficient  The objective of these studies has been to
document and evaluate cffective control techniques {2 g , 1soiation or the use of leeal ventilation)
that mummize nsk of potennal health hazards and to create an awareness of the usefulness and
availability of effective hazard control measures

One area dentified for EPHB control studies 1s air contarumant penetration inte ¢nvirenmental
enclosures Prior research conducted by EPHB has focused upon environmental enclosures
being used to protect workers from pesticrde spray mest  NIOSH researchers conducted a field
gvaluation of tractor enclosures used for pesticide application by nsing ophical pariicle couniers
to measure exposure reduction as a function of particle size '? To conduct the tests, the tractors
equipped with environmental enclosures were stmply driven over unpaved surfaces and the
ambtent acrosol and dust generated by the tractor were used 10 chalienge the enclosure

Such enclosures can be used to protect heavy equpment operators from crystalline silica
exposures during surface mining and other earth-moving operatrons * During surface-mining
operations, many workers are positioned i cabs of earth-moeving equpment, rock-drilling
equipmenl, and rock trucks Excessive crystalline sulica exposures are reported among surface-
miming workers * Appropnate cabin filtration and pressurization appear to have the polential for
controlling worker exposure to respirable crystalline silica

These cnclosures are generally constructed from unpervious materials so that workers are
protected from dermal and respiratory exposures A tan s used to pull air through filters which
efficiently remove air contaminants and pressurize the enclosure  Downstream of the fan, the air
flows past an air-conditionung cvaporator cotl whuch can be used to temper the are In these
enclosures, a second fan can be used to recireulate air through a second set of filters and the air-
cenditioner evaporator coill  The air flows out of the enclosure through leaks or a vent port which
15 intended to allow air to leave the enclosure at a location which 15 shielded from the effects of
the wind These enclosures will have leakage due to the need for elecirical and mechancal
connecilons between these enclosures and the rest of the equipment



Based upen the EPHB evaluation of trictor-mounted enclosurcs, the Amertcan Society of
Apricultura! Engineers (ASAE) has developed ASAE $525, which 15 consensus standard  Thus
standard specifies requirements for environmental enclosures that are used for conirolling
applicator exposure to pesticide spray mist *¢ Cabs, which are certified by Califorma EPA under
this standard, may be used in Cahformia instead of respirators to meet the requirements of Federal
EPA’s Worker Protection Standard for pesticide apphcators * Three important specifications in
this consensus standard describe the performance of these enclosures for particulate awe
contaminant

1 The static pressure 10 the enclosure must be at least 6 mm of water,

P The penetration {rutto of concentration nswde the enclosure to outside the enclosure) shall
be less than 0 02 {1/50 or 2%0) for parucles larger than 3 pm, and

3 The liloration ¢fficrency shall be at least 99% for particles larger than 3 pm

Aerosol penetration wnta the enclosure 15 evaluated by using optical particle counters to measure
the concenlration of particles e the 2- to 4-pum range nside and outside of the equipment The
testing 1s conducted by driving the velicle-mounted enclosure over an unpaved surface at

Jto 5 km/hr This equipment can be tested and evaluated under relatively calm air condstions
without regard to wind speed In order 1o prevent the dnft of pesticides, spray pesticrde
application 1s conducted when wand speeds are less than 16 km/hr * In order to prevent wind
from increasing air infiltration nto an enclosure, the ASAE standard specifies that an enclosure
must have a mummum pressurization of 6-mm water gaugs

The certification of cabs under the ASAE §525 standard 15 conducted on one cab and this
certification evaluates whether the cab design and construction are adequate  This standard does
not address the eperation of quality conirol and maintenance programs that are needed to ensure
that all cabs continue to be prolechive of workers To evaluate the exient to which maintenance
and quality control are affecting aerosol penetration into environmental enclosures, NIOSH
researchers are evaluating in-use environmental enclosures

San Joaquin Helicopter 1s a custom pesticide applicator which uses helicopters and tractors to
apply pestictde 1o thewr customers’ fields in the nerghboring 3 or 4 counties  This company has
30 to 40 Nelson Spray Cabs mounted on Massey-Ferguson tractors (Model 398) The tractors
evaluated during this study were ne more than 4 years old

The Nelson spray cabs are mounted on the tractor by either the user or Nelson Manufacturing A
typical instatlation of a Nelson Spray Cab on Massey Ferguson Model 398 tractor 1s shown in
Figure 1 The air flow into tius cab 1s illustrated schematically in Figures 2 and 3 Two fans
move about 200 cfm through the air inlet above the front of the cab, through the stack of filters
shown n Figure 3, past ar-condiboning couls, and into the cab  The air flows out of the cab
through various cracks and crevices where the cab is mounted on the tractor The cab contains a



magnehelic static pressure gauge The manual for this cab states that static pressures greater than
{103 mches (0 85 mm) water gauge are necessary in order to protect the worker This cab was
certified by Cahfornia EPA before the ASAE developed the $525 standard

Figure | Photograph of cab setting on top of a tractor  This photograph was taken duning
ancther survey, however, the same sampling location on the outside of tractor was used durn g
1his study



Fresn aw

‘lll‘/r Cerbon |* T intaka

l HEF A ! '
'L—Tﬂ“ff ; ;‘i C’é\ B \\‘/ruf/lN ISHIELD
e /

|

|

N SEAT
/ /
. \
wy
.
T ——
[

Figure 2 Schematc illustration of air flow into the venulated

cab
Gasket /nalerial
forced agams: sheet
metal flange causing
the gaskets to
Carbon filter, part ¢08-004 compress
T S R e T Ea b D sl
doey e '-:'fi;‘.lié'féf“;‘ﬁi i EE
High EiTiciency Particulate Air }ﬁ i :E ?I
- FeirH A H
Fibier, part ¢08-014 *EE Ir jEE g
iy H |H 1= == = -] ..;._} +) B
! e
ArrFl i i
Ir Flow il it
To Fan ; N
5 . j—]—} Prefilier, part 208-002 - A e
T T T
Air Flow
Meial bar used to farce

=~ [ilter stack agamnst the
sheet metsl fange

Figure 3 Schematie cross-sectional view of filters and mechamsm for scating the filter

4



PROCEDURES

Before evaluating aerosol penetration mto a tractor, the air flow into the cab was measured using
a velometer (Velocicale, TSI Inc , St Paul, Minnesota) Air velocibies were measured at the
imlet The airflow volume was estimated as the product of the average velocily and the cross-
sechional area of the wnlet  Enclosure static pressure was recorded using either the statie pressure
gauge 1m the enclosure or with an ¢lectrome manometer (Model MP20SR, Neutromics, Herts.
United Kingdom)

The aerosol penetration into the cab was evaluated while an operator drove the tractor around the
penmeter of a flat, unpaved field adyacent to the San Joaquen Helicopter facihity in Delano The
speed of the tractor was between 2 and 5 krlometers/hr  Aerosol penetration into the cab was
obtamed by measuring the aerosol concentration inside and outside the spray cab with optical
particle counters  Penctration 15 the yatio of particle conceatration inside the cab to particle
concentration owtside the cab  Two optical particle counters (Gnmm PDM, Model 1108,
Aunnng, Germany)} were used to measure aerosel concentration mside and outside the simulated
cab One was attached with clastic rubber cords to the engine cowling 1n the positton shown 1n
Figure | The second Grimm PDM was placed 1n the ¢cab near the dnover These mstruments
were used with their omnidirectional sampling inlets or impactors as sampling mlets The
Grimm PDM counts indrvidual particles and sizes each particle, based upon the amount of Light
scatted, into onc of fificen channels Aerosol penctration into the cab was the ratio of the
concenteation inside the enclosure (o the concentratton outside of the enclosure

The field tests of the cab were made 1n sets of four measurements or replications  The location of
the opucal particle counters was switched after each measurement Durnng the course of the
testing, sigraficant leakage was found on the existing tractors  As leakage and problems were
dentified, penetration into the enclosure was reduced The four test series are described in

Table 1 Dunng test series b, ¢, and d, the normal order of the filters was altered During these
tests. the air flowed through the carbon filter, the prefilier, and then the HEFPA filter



Table 1 Adjustments to Spray Cab

Test Senes Description

g Untreated cab, as used dunng pesticrde apphications The filter used
duning this testing had 187 hours of use

b After test serres “a,” a number of problems* were found by the
suppler These included (1) the flange on the top of the filter holder
was found to be bowed, allowing some air flow around the filters,

{2) sheet metal seams separatmg the airr which was upstream of hiters
from the ar downstream of the filters were not caulked, allowing av to
bypass the filter, and {3) the metal bar used to force the fiters against
the flange incorrectly mounted, causing an uneven pressure on the
filter gaskets All of these problems would cause air to flow around
the filter instead of through the fitter These problems were corrected
before these data were collected The filter had 115 hours of use

c The holes m a naw filter were fixed and the new HEPA filter was
placed in the cab More caulkeng of the shest metal separating the
incoming air flow from the cleaned air which has passed through the
fiter

d The used fiters were repaired and the gaskets were replaced

* Afier the test senes “a,” Netson Manufactunng promptly warned users of the
correct way to use the filter-seating bar  This notice 1s included in Appendix C

During the first two runs of a test series, the Grimms were operated with an impactor

(PEM 200-2-2 5, MSP Corperation, Minneapols, Minnesota) used as a preselector  These
1mpactors were operated at a flow rate of | 2 Ipm and 2 of the 10 impaction onfices were covered
with duct tape  Instead of having a cat dtameter of 2 5 um, the impactors had an estimated cut
diameter of 4 08 um The impactors were operated with a jet Reynolds number of 194 The
50% cut diameter, d,, the particle size at whach the impactor 15 50% efficient can be computed as

follows °
}Srkgmyw3
d,= |———
40
Where,

Stk = stokes number, at a Reynolds mimber of 200, the stokes number is 0 25
w = 1ot diameter (cm)

Q = arr flow through each umpactor jet (cm’/sec)

n = viscosity of air (pmse)

d, = particle diameter in em



During the second two runs of a test seres, the Grimms were operated wath ommdirectional
mlets By comparing the aerosol size distributeons measured outside the cab with the impactor 10
the size disinbution measured without the impactor, one can evaluate how closely the optical
particle counter 15 measunng acrodynamec diameter  The umpactor should elimmate practically
all of the particles larger than 4 08 pm, aerodynamic drameter

A sccond method was used for screcrung the environmental cab performance Thrs screemng
method consisted of measuring ambient aerosol concentration nside and outside the
environmental cab when stationary, but whale the tractor and cab were operating at normal
settings (RPM and flow commoniy used during field conditions) The procedure consisted of
using one or two MetOne Model 227B optical particle counters (Pacific Scientific Instruments,
Grants Pass, Oregon) for measuring the aerosol concentration inside and outstde the
environmental cab

Sanmphng hincs of equal length were posinoncd with one at the anflow wnlet to the cab and the
other inside the enclosed environmental cab  The cab was ¢losed and an operater started the
tractor and cab, and maintained the tractor RPM at field operating cond:tions (1800 to

2000 RPM) A five-minute pentod was used for warmup and cab equmhbration at operating
conditions  Subsequently, one-minute MetOne samples were obtained from inside and outside
the cab at particle sizes of 0 3 and 3 micrometer {two replications)

The MetOne Model 2278 simultanecusly counts two particle size ranges stmultancously We
selected O 3-micrometer and 3-micrometer sample mierval  The mside/outside particle count
ratio was calculated A ratio of less than or equal to G 02 1s nceded to meet the cab criterion of
less than 0 02 (2%) penetration (for particles larger than 3 micrometers)

RESULTS AND FINDINGS
Ventation Measurements are summanzed m the following table The static pressure

measurement made on Seplember 21, 1999, was macde with the clectromic manometer The
measurements made i October were made with the magnehelic gauge mounted n the tractor

Summary of Ventilation Measurementis

Date Tractor Air Flow {cfm) Static Pressure
Number {Inches of Water)
9/21/99 g5 162 0 07-008
10/26/99 tr74 167 003010
10f27/99 r74 179 015

These tractors were 3 0 4 years old



Grimm PDM Measurements

The average aerosol particle concentration measured inside and outside of the tractor are
presented n Appendix 1 In Figure 4, average aerosol penciranion mto the cab 15 ploited as a
function of root mean channe! particle size  Because the cbserved penetrations were varying
greatly, statistical analysss was conducted to evaluate whether the test series affected the aerosol
penetration mte the cab  This analysis was based upon only the penetrations measured 1n the
first channel of the Grimm PDM  The range of particles counted 1n this channel 150 3 to 0 4 pm
The statistical analysis was performed on the loganthms of the penetranon for each experimental
run becanse experimental variatnlity appeared to be proportional to the mean penetration for each
test series  An analysis of varnance was conducted using the SAS General Linear Models
Procedure with “test series” as the only independent variable ' The varable “iest series™
sigmificantly affected the loganthm of penetration (p<0 0001) Tukey's HSD test indicated that
all of the geometnc means presented 1 Table 2 were sigmficanily different from each other ai an
averall level of confidence of 103 The residuals from thes analysis of vanance were tested for
normality using a Shapiro Wilke statistic ' The abserved deviations from a normal distribution
were not sigmificant (p=0 33) The statistical analysis indicates that the inprovements to the
filtration system madec after the completion of cach test series significantly reduced the aerosol
peneiration nto the enclosure
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Table 2 Geometric Mean and Standard Deviation at the Smallest Particle Size.

Test Senes Geometne Mean Geometric Standard Deviation
a 0 1106 138
b 0 0481 114
¢ 0 0065 1Q7
d 0 0039 107

After test series “a™ was completed, the filters and filter holder assembly was visually examined
for leakage As shown in Figures 5 and 6, the filter gaskets were not seating properly against the
flange Furiher visual mspecton led to the identification of these problems

1 The flange on the top of the filter holder was found to be bowed, allowng some air flow
arpund the filters,

2 The sheet metal seams scparating the air which was upstream of filters from the air
downstream of the filters were not caulked, allowing awr to bypass the filter, and

3 The metal bar used to force the filters apamst the flange was incorrectly mounted, causing
an uneven pressure on the filter gaskets

All of these problems would cause atr to flow around the filter mstead of through the filter In
addrtion, the order of the filters 1n the filter holder was aliered so that the awr flowed first through
the carbon {filter, then the prefilter, and finally through the high-efficiency particulate arr filter
These 1tems were all fixed before run b was conducted Addressing these 1ssues reduced aerosol
penetration into the cab from 0 11 to 0 048, however, this is still greater than the recommended
ratic of 0 02 1n the ASAE 8525
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After test serics *b™, holes 1o the filter were 1dentificd 1 a new filter and fixed Before test senes
¢,” the used filler was replaced with a new filter  Thus reduced the aerosol penetration into the
cab from 0048 to 0 0065 The reason for this improvement was beheved to be the filter gasket
material To test thus hypothes:s, the gasket material on the used filter was replaced with new
gasket matenal  After placing the used filters with the new pasket materal back into the
enclosure, test series “d”™ was run - This reduced aerosol penetration from 0 0065 10 0 0039 Thus
suggesls that gasket material degradation can cause increased aerosol leakage 1ato the enclosure

During half the cxpenmental runs, the outside Grunm was operated with an ommdirectional inlet
and during the other runs, the outside Grimm was operated with an impactor which had a 30%
cut diameter of 4 08 micrometers Figure 7 presents the ratio of the average concentration with
the 1mpactor to the average conceniration with the ommdirecnional inlet Thes ratio was 0 52 for
the particles n the 4- to 5-um range  The root mean diameter for thus channel was 4 S um  The
apparent 50% cut diameter based upon the Grimm PM measurements was 4 5 um Apparently,
the Grimm PDM 1s overstating by no more than 1 um  This suggests that the Grimm PIDM 1s
doing a reasonable job of s1zing particles

1

09

08 -

07

|
-

)
J|

Db

a5

-
|
|

ratip

- ——

4__F,“h,,i

1
\
\
|
l
l
||
[ |
7

:E:::::;

, b4

03

T J—T

UZI

lT

A
|
1
1
1
:
B
'|

|
!
-
|

1

H

Figure 7 Ratio of average particle concentration with the impactor to average parhicle

10

gnmm diameter (pm)

100

concentration with the omnidirectional inlet  Thesc particle concentration measurements were
made outside the tractor

11



MeiOnc optical parucle counters were nsed as a screemng tool for measuring cab integnty The
Met One data were hmaited in that only two aerosol particle sizes were monitored at a single timne
Nonetheless, 1t proved ta be a means of monitoning cab-scaling fluctuations The two particle
sizes were selected such that critical data was provided The 00 3 pm particles are tn the range
(03103 pm) Inspection of the ambient aerosol size distributions measured with the Grimm
PDM and reported 10 Appendix I reveal that most of these particles are in the 0 3- to 0 65-um
range as measured by the Gnmm  Particles in this si1ze range arc close to the most penctrating
particle size and are capable of entering the regions of the deep lung The 3-pm particles are of
the size range employed 1in the ASAE standard ©

Table 3 presents MetOne screening data on numerous cabs that were available for inspection
The ratio of mside aerosol concentration to outside agrosol concentration 15 the value of 1nlerest
The smaller this value the better the cab 1s functioning A high vaiue signals a problem For
example, tractor TR, 66 gave a value of greater than O 10 at 0 3 micrometers  An mvestigation of
the filter housing assembly on tractor TR 66 showed that the clamp holding the filter i position
was 11t upside down The clamp could not seal the filters properiy to the housing flanges when
placed uvpside down The MetOne data clearly showed with this rapid screening test that a major
problem existed When the elamp was mstalled properly and aerosol concentration
measurements repeated, a hagh ratio was stilll obtamned This was attributed to the fact that the
filter housing had not been clcaned prior to this determmation  Uliimately, the entire internal
filter housing must be cleaned before oplimal exposure reduction i1s obtamned

The data obtained with the MetOne optical particie counters must be viewed with great care In
these studies, the outside aerosol concentrations, 500 to 700,000 particle counts per liter,
exceeded the MetOne’s counting capability  The MetOne optical pariicle counters have a
cowmncidence problem at count levels above 70,000 particle counts per liter  In optical particle
counters, cotncidence occurs when two or more particles are in the sensing volume at the same
ttme This causes the instrument to mstakenly classify these parttcles as a single, larger particle
Thus, the MetOne data can only be used as a trend and screcnming indicator method and absohate
values must be disregarded However, the MetOne optical particle counters have a conceniration
mode capability which could be used to circumvent this counting probhlem 1n the future Use of
the concentrahion mode feature necds to be investigated to validate 1ts utdization for future cab
mtegnty testing

12



Tahle 3 Vanous Nelson Cabs - MetOne Results

Tractar Cab Fiter-Use  Pressure Size Inside Outside Ratio
Hours {inwg) {arm) InfOut

TR 76 97-Db7 5 120 0 045 03 21,800 654 000 0033
) 30 69 2,890 ) 0024
TR 70 97-0818 150 0 085 03 13,240 700,000 00189
a0 41 1828 0022
TR 69 97-0917 152 0 080 03 8,784 640,600 00137
) ) ] ) 30 ) 48 ) 1713 ) 0027

TR72 97-0919 1 0120 02 22,600 585,000 0039
] ) ) ) 30 ) 184 ) 1,453 ) Q127

TR 4 99-0159 28 0230 03 14,380 B87.500 0021
) ] ) 20 ) 28 ) 2,508 ] 00116

TR 56" 95-0879 403 0075 03 81,930 585,100 0157
_ ) ) ) 30 ) 106 ) 1642 ) Q 085

TR 66** 85-0878 403 0070 03 06,480 585 80D 0 165
) i 30 ) 17 i 1777 ) 0 0086

TR 74 97-0977 115 D155 03 17,670 538,400 0033
30 65 1,304 0 050

* Clamp upside down
** Clamp nght, housing not cleanad

Tabie 4 presents data obtamned on a new 1999 cab with the MetOne ophical pariicle counter The
data trend which progressed toward a mgher ratio led to the sdentification and resolution of the
major problem found with the Nelson cabs The most significant problem 1dentified with the
Nelson cabs was with the filters scating and sealng to the cab Problems with the metal flanges,
filter clamp assembly, and cracks 1n the metal tractor housing and filter housings were ultimately
responsible for the majority of aerosol particle leakage into the cab by way of the air inlet and
filtration system  As the data in Table 4 show, upon proper filter seating, tractor housing
caulking, and filter comer seam caulking, the ratio was decreased significantly by a factor of
more than two This leakage uround the filters, not the filter’s filiration efficiency, appears to be
the most sigmficant cause of reduced cab performance

13



Table 4 Nelson Cab on TR 4 - MetOne Results

Condition Fiter-Use Pressure Size Inside Quitside Ratic
Hours (inwaqg) {m) In/QOut
Used Filters 28 Q230 03 14,380 Ba7 500 0021
30 29 2,508 D116
New HEPA a* 0 205 03 8207 587,600 00140
30 31 1,264 D025
New Gaskets cn 28 0205 03 13,260 623.10Q 0022
Used Filters
30 71 1,469 0 048
Mew HEPA with Hole D Q210 03 22,180 659,400 0034
30 86 1,622 0053
Reinstalled Used 28 0202 03 23,320 661,400 0035
Filters with New
Gaskets
3n a5 1,835 0052
Same as Above plus 28 0202 03 5531 683,800 0 0081
Chatked Housing
Seams
KN 83 1,501 0055
Same as Above plus 28 202 J3 4 487 711,200 {0063

Chalked Corners
30 44 1,472 0025

* New HEPA may have bheen damaged
Engine exhaust may have been directed inta the cab

Tinally, Table 5 gaves daia with a similar trend to that preseated in Table 4 [However, Table 5
presents MetOne observatrons that were taken 1 conyunction with field rans  Agparn the
significance of caulking the tractor filter housing and filter corner seams was demonstrated

With proper maintenance of these 1dentified problem areas. the filter’s integnty and functionality
was maintained, even when operating m the rough field environment where vibrations are an
mmporiant consideraiion for ensunng filter seating mtegnity
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Tahle 5, Nelson Cabh on TR 74 - Met(One Results

Condition FI:‘EIEDFJ.I.:'SSE I?Ir: f:';r';" (Su "ﬁ; inside Dutside IE.’?CtJISt

Used Filter 115 Q 155 Q3 17,570 538,400 0033

30 65 1,304 0050

New Filter 0 0 155 03 13,310 601,200 0022

30 38 1,572 0 024

Filter ;C;lilse"‘;g Re- 0 0155 03 10,020 594,200 0 0168

) 30 64 1444 0044

Next Day Rerun* 0 0153 03 10,700 788,100 0 0136

] 30 34 1297 0026

After 30-min Freld 05 - 03 11,160 820200 0018
esi

) ) 30 45 1447 DD32

G;ﬁ?ﬂ‘ﬁfﬂgg " 115 0130 03 7,860 643500 00122

L 25 . 2282 00110

After 2-hour Field Test 117 ’ w 03 7,271 554,100 00131

3o 44 1,564 0 028

* HEPA filter last element
** Pressure not recorded
Engine exhaust may have been directed into the cab

DISCUSSION

Optical particle counters can be quickly used to evaluate leakage sources usimg the smaller
particles  Aerosol leakage around filters was attributed to manufacturing defects involving
bowed flanges, failure to seal seams, and perhaps degradanon of gasket materials Perhaps, these
problems could be climunated by using an optical particle counter to perform quality control
cheeks for the assembled cabs 1€ an optical particle eounter had been used to check the
assembled tractor cab and tractor before 1t had been sent to the user, pethaps these errors could
have been identified and avorded Manufacturcrs could use optical particle counters to conduct
further studies of possible gasket matenial aging degradauon and also in their quality control plan
for monitoring performance of the ventilated cabs
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Spray cab maintenance at San Joaquin Helicopter involves changing filters at the specified tume
and making sure that the cabn static pressure 15 1n excess of 0 03 inches of water (0 76 mm of
water) Tlus static pressure 15 much less than the static pressure of 6 mm of water as specified by
ASAF Standard 8525 When the wind’s velocity pressure exceeds the static pressure 1n the spray
cab, aerosol infiltration into the cab increases ¥ In an experimental study of aur infiltratton 1n a
simulated cab, a cabin static pressure of 3 mm of water ({1 12 inches of water static pressure)
would prevent the aerosol penetratton mto the cab from increasing when wind speeds were below
20 kim/hour ¥ When the sum of the tractor speed and the wind speced are Iless than 20 km/hr,
cabin pressures of at least 3 mun of water are adequate to prevent air infiltration into the cab

CONCLUSION

A quahty control program 1s needed to ensure that each cab provides acceptable exposurc
reduction This quality control program needs to include quantitative measures of contrel
performance mcluding cabin pressure and aerosol penetration into the cabs  In addition, a cabin
mamtenance program employing an optical particle counter would help ensure that cab
performance 1s opttmized Ulamately, an effcctive cabin filiration quality control and
mainlcnance prograrms are essential 1o ensure continuounsly rehable cab performance and work
protection.
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Appendix A

Raw Data from the Grimm Portable Dust Monitor.
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Appendix B

Printout from the Statistical Analysis.
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1

Trependent Vanable Inp  {This o5 che naturad Jogarithm of peretration)

Sum of
Source DF Squares  Mean Square F Value Pr=F
Maodel 30 303RTATIO0 w0 12012367 3Q7R% <00l
Liror 12 035478800 003289900
Corrected Total 15 30 78215900

R-Square <CoeffVar RootMSE  inp Mean
DO87I7T> -4 589305  018138] -3 552250

Source DF  TypelSS Mean Square F Vajug Pr>F
run 3 3038TITHO0 1042012367 30789 <0001

Tukey's Studentized Range (HSD) Test for Inp

NOTH This test contrals the type I experunentwise error rate but generally has a lngher type il

error rate than REGW(Q
Alpha Ros
Lrror Degrees of Freadom 12
Frear Mean Square i $4328%9

Cntical Value of Studenlized Range 4 19852
Mimmun Signficant Dhilercnce D IBOR

Means with the same letter are not signi ficantly differcnt
Tukey Grouping Meon ™ un

M -2201% 4 a  (wnal run wuh bowed flange and filier holder
irapprapriately sealed)
B 230335 4 b (Bowed flanged fived and filter holder sealed)

L -50375 4 ¢ (New Filter with new gavie! materral arnd

Jitier leakage plugped)
D 53365 4 d (USED FILTER BiTH NEW GASKET MATERIAL AND

FILTER Leaks fixed)

This 13 an annotated pnntout of an analysis of vanance and a muliple companson icst obtamned
from the SAS General Linear Models Procedure (SAS Instite, Cary, Norih Careling) The
annotations are in parenthesis and italics  The penetration data 1s for the smallest particle size
channcl and thas data was log-transformed bhefore analysis  The gist of the analysis 1s that the
treatments had a sigmificant affect upon penetration into the cab  All of the Geometrnic Mean
Penetrations differed sigmficantly from each other at an overall level of confidence of 95%
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Appendix C

Maintenance Notice Sent by Nelson Manufacturing to Customers.
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{Note- this copy was scanned mto the document)

NELSON MFG CQ |, INC
2660 Calusa Hwy Yuba City CA 95993 TEL (530) 673-0919 TOLL FREE (877) 873-0919

FAX (530) §73-2072

November 9, 1999

Safety and Maintenance Notice

To all Nelson Spray Cab@ owners

Researchers fram the National Institute of Occupational Safety and Health
{NIOSH) are conducting a study of particulate filters used in agneoultural cabs far
pesticrde apphcations The study objestive 1s {0 evalyate filter replacement
schedules

Test results of the Nelsan Spray Cab@ and filtration system, when properly
matntained, are within the required performance specifications Dunng the tests,
however, these concerns with the Nelson Spray Cabs have been identified

-Filters not chanped according to schedule

-One or more filter housing flange howed or damaged
-Missing filter housing seam caulkmg

simproper installation of the fiter clamping bar
-nadequate cab pressure

BE SURE TO PERFORM THESE INSPECTIONS AND REPAIRS
BEFORE YOUR NEXT SPRAY APPLICATION

1 FILTER CHANGING SCHEDULE

As dascribed in the Spray Cahs Operatar's Manual and the IMPORTANT

decal inside the cab
"ALWAYSE service or replace Tilters before eacn use Clean or
replace PRE-FILTER daly Replace HEPA (High Efficiency
Particulate Airy Filter every 400 hours or every 3 months,
whichever comes first Replace CARBON FILTER every 100
hours or every 2 weeks, whichever comes first”

Follow the operating, servicing and claaning instructians descrbed in the
Operator's Manual when usig dangerous chemicals to mainiain ar quahty,
minimize intenor centamination and to comply with State and federal regulations

2 FILTER HOUSING FLANGES AND SEAM CAULKING
As described in the Spray Cabs Cperator's Manual on page hfled FILTER
REMOVAL and on page titled TQ INSTALL FILTERS in section OPERATING &
SERVICING CAB FILTER SYSTEM
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"Clean mside of filter housing, make sure filter housing

flange 1s straight and undamaged, replace missing seamn

cauliung and repaint as described in section- CLEANING THE

NELSON SPRAY CAB (CLEANING EXTERIOR }"
Be sure to Inspect the filter housmg, straighten sealing flanges and replace
seam caulking as necessary Follow the detalled instruchions in Operatar's
Manual, particularly procedure #4 on page titted CLEANING EXTERIOR In
saction CLEANING THE NELSON SPRAY CAR {see below )

44 Clean intenor of cab fiiter housing and air imtake duct {localed

above cab celling from air intake to filter area) using a long

handied brush and wet saapy rag, then wipe with clean nnse rag

When dry, replace and repaint ALL seam caulking using

automotive hody sealer and good guality synthebc enamel

paint, Use mirror to check and reseal sgams n the air duct

just in front of filters and where direct visual mspection 18

not ppossible Make sure filier housing flange 15 not benit or
damaged, preventing a proper seal with carbon filter "

3 FILTER CLAMPING BAR INSTALLATION
As described in the Spray Cab@ Operator's Manua! on page ttled FILTER
INSTALLATION in section OPERATING & SERVICING CAB FILTER SYSTEM
"Filters MUST be aligned and seated tightly with filter
housing flange and with each other "

All cabs manufactured singe 1989 {(with either an "L" or an "H" i the sernal
number) included a filter clamping bar with 2 bend near the guide pin When
installing the fitter clamping bar, the angled portion with the guide pin MUST
be positioned downward If it 1s positioned upward, the guide pin will hit the

top of the guide slot before the front portion of the carbon filter gasket has sealed
against the fiker housing flange

Be sure filter clamp bar s
instailed properly with "THIS
SIDE DOWN" decal on bottom
If this deczl 1s missing, we wiil
send one at your request

O

Fiter Clamping Bar
{Angled partian with o positoned downward)

Enciosed with this notice 15 an adheswe addendum that 13 to be mseried
in_the Spray Cah@ Qperatar's Manual, This addendum describes the filter
clamping bar installation Peel off the protective backing and apply the
addendum to the bottom of the page tiled: TO INSTALL FILTERS In
section OPERATING & SERVICING CAB FILTER SYSTEM

4 AIR SEAL MAINTENANCE
Ta maintain a positive cab prassure of fitered air, be sure to inspect and
repalr cab seats and blowers as necassary Mamntenance directians can be
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found in the Operator's Manual on Page titled CAB PRESSURE DROP n
section TROUBLESHOOTING CAB AND FILTRATION

Replace damaged or deterorated air seals, doar and windaw tnm, seam
caulking, windows, wipers, washars, blower motors, blower cover seals, safety
decals, filters and filter gaskets

Enciosed with this notice 13 the Spray Cabs Parts List All cah replacement parts,
including the latest version of the Nelson Spray Cabs Operator's Manual (#0M-SC1 194),
are available from

NELSON MFG CO, INC
2860 Colusa Hwy , Yuba City, CA 95993
Toll Free 1-877-673-0919

Tel (530)673-0918

Fax (530) 673-2072

NOTE If any of your Nelson Spray Cabs have been sold, or ownership has changed,
please lets us know to whom we should send this notice

Please call with any questions
Thank yau,

Jim Bennett Nelson
Mig Co, Inc
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INSTALLING FILTERS

HIGH PROFILE
CABS WITH ELECTRIC BLOWERS { ONLY )

QUTLET FLANGE

CARBON FILTER i | 12
HEPA FILTER 7 -
iwﬁmm :_r:mm M) nm'li}m *: :;‘ ¥ -
| PRE FILTER 0, [
CLAMFPING BaR
\ A . E

o ﬁ
CAUTION
PLAGE FILTERS

INHOUSING WITH
GASKETS ATTCP
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