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ABSTRACT

A tractor equipped with an environmental enclosure for pesticide application (John Deere

Model 6410) was evaluated after 1t had been 1n use for about one year Optical particle counters
were used to measure the particle number coneentration mside and outside of the cab duning a
discing operation  The evaluation was conducted with old filters whuch had abeut 700 hours of
service and with new replacement filters Changing the filters did not greatly affect the exposure
reduction offered by the filters The exposure reduction and static pressure tn the cab were
acceptable 1n terms of Amenican Soclety of Agnicultural Engineers Standard S525 However, the
dust concentration in the cab increased as the testing was conducted The reason for this increase

and 1ts sigmficance are unclear



INTRODUCTION

The National Institute for Qccupational Safety and Health (NIOSH), a federal agency located in
the Centers for Disease Control and Prevention under the Departmment of Health and Human
Services, was established by the Occupational Safety and Health Act of 1970 This legislation
mandated NIOSH te conduct research and education programs separate from the standard-setting
and enforcement functions conducted by the Occupational Safety and Health Adminustration
{OSHA) 1n the Department of Labor An important area of NIOSH research deals with methods
for controlling cecupational exposure to potential biological, chemcal, and physical hazards

The Engineering and Physical Hazards Branch (EPHB) of the Division of Applied Research and
Technology (DART) studies the engineenng aspects relevant to the control of hazards in the
workplace Since 1976, the engincerng component of EPHB has assessed control technology
found within selected mdustnes or used for common industnal processes EPHB has also
designed new control systems where current industry control technology was msufficient The
objective of these studies has been to document and evaluate effective control techmques (e g,
150latron or the use of local venulation} that miumize nisk of potential health hazards and to
create an awareness of the usefulness and availability of effective hazard control measures

One area 1dentified for EPHB control studies 1s air contaminant penetration into environmental
enclosures Prior research conducted by EPHB has focused upon environmental enclosures
bemng used to protect workers from pesticide spray must  NIOSH researchers conducted a field
evaluation of tractor enclosures used for pesticide application by using optical particle counters
to measure exposure reduction as a function of particle size 12 To conduct the tests, the tractors
equipped with environmental enclosures were sumply driven over unpaved surfaces and the
ambient aerosel and dust generated by the tractor were used to challenge the enclosure  The ratio
of 1nside to outside enclosure concentrations was measured to evaluate aerosol penetration into

the cab

Such enclosures can be used to protect heavy equipment operators from crystalline silica
exposures dunng surface rmmag and other carth-moving operations > During surface miming
operations, many workers are positioned m cabs of earth-moving equipment, rock-dnlling
equipment, and rock trucks Excessive crystalline silica exposures are reported among surface
mining workers * Appropriate cabin filtration and pressunzation appear to have the potential for
controlling worker exposure to respirable crystalline silica

These enclosures are generally constructed from impervious rnatenals so that workers are
protected from dermal and respiratory exposures A fan 15 used to pull air through filters which
effictently remove air contaminants and to pressurrze the enclosure  Downstream of the fan, the
arr flows past an air-condihomng evaporator co1l which can be used to temper the air  In these
enclosures, a second fan can be used to recirculate air through a second set of filters and the awr-
conditioner evaporator coll  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 1s shielded from the effects of



the wind These enclosures will have leakage due to the need for electncal and mechanieal
connections between these enclosures and the rest of the equipment

Based upon the EPHB evaliation of tractor-mounted enclosures, the Amernican Society of
Agricultural Engincers (ASAE) has developed ASAE §525, wiuch 1s a consensus standard  This
standard spectfies requurernents for environmental enclosures that are used for controlling
apphicator exposure to pesticide spray must °® Cabs, whach are certified by Califormia EPA under
this standard, may be used 1n California instead of respurators to meet the requirements of Federal
EPA’s Worker Protection Standard for pesticide applicators * Three important specifications m
this consensus standard descnbe the performance of these enclosures for particulate air
contaminants

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

2 The penetration {rano of concentration mside the enclosure to concentration outside the
enclosure) shall be less than 0 02 (1/50 or 2%) for particles larger than 3 pm, and

3 The filtration efficiency shall be at least 99% for particles larger than 3 ym

Aerosol penetration mto the enclosure 15 evaluated by using optical particle eounters (OPCs) to
measure the concentration of particles in the 2- 10 4-pm range inside and outside of the
equipment The testing 1s conducted by driving the vehicle-mounted enclosure over an unpaved
surface at 3 to 5 km/hr This equipment can be tested and evaluated under relatively calm air
conditions without regard to wind speed  In order to prevent the drift of pesticides, spray
pesucide application ts conducted when wand speeds are less than 16 km/hr ® In order to prevent
wind from increasing air infiltration 1nto an enclosure, the ASAE standard specifies that an
enclosure must have a mimmum pressurnization of 6 mm water gauge

The certification of cabs under the ASAE §5235 standard 15 conducted on one cab and this
certification evaluates whether the cab’s design and construction are acgeptable Tius standard
does not address the operation of quality control and maintenance programs that are needed to
ensure that all cabs continue to be protective of werkers To evaluate the extent to wiuch
maintenance and quality control are affecting aerosol penetration into environmental enclosures,
NIOSH researchers are evaluating in-use environmental enclaosures

Sun Pacific uses John Deere Model 6410 tractors equipped wath filters for pesticide apphication
Thus tractor was less than a year old This particular model had been certified under

ASAE Standard §525 The pressure gauge on the tractor indicated that this tractor was
maintained at a static pressure of 0 3 inches of water The ventilahon system for John Deere
Cabs uses two blowers A pressunzation blower draws air through filters and discharges air into
a moxang plenam A second fan draws atr from the cabin and discharges the air into this mixing
plenum  The combined awr flows passes through heat exchangers for aw-conditioming and
heating and into the cab



PROCEDURES

Before evaluating aerosol penetration into a tractor, the mir flow mto the cab was measured using
a rotating vane anemometer (Model HTA4200, Pacer Industries, Chippewa Falls, Wisconsin}
Aur velocities were measured at the mlet  The awflow volume was estimated as the product of
the average velocity and the cross-sectional area of the inlet  Enclosure static pressure was
recorded using an electronic manometer (Model MP20SR, Neutromes, Herts, Umted Kingdom)

The aerosol penetration nto the cab was evaluated while an operator disced a grape orchard to
miX harvesting debns mto the so1l  Aerosol penetration into the cab was obtamed by measunng
the aerosol concentration mnside and outside the spray cab with optical particle counters
Penetration 1s the ratio of particle concentration inside the cab to particle concentration outside
the cab Twao optical particle counters (Grimm PDM, Modet 1106, Amnning, Germany) were used
to measure acrosol concentration inside and outstde the simulated cab  One Gnmm PDM was
placed 1n the cab near the dnver This instrument was used with the omm-directional sampling
mlets One was attached with elastic cords to the metal ledge above the tractor’s power take off
The omm-directional mlet to thus optical particle counter was replaced with an impactor

(PEM 200-2-10, MSP Corporation, Minnesota) The Grimm PDM counts individual particles
and sizes each particle, based upon the amount of hght scatted, into one of eight chammels
Acrosol penetration into the cab was the ratio of the concentration 1nside the enclosure to the
concentration outside of the enclosure

The Gnmm PDM outside the tractor was used wath an impactor (PEM 200-10-2, MSP
Corporation, Minneapolis, Minnesota) instead of the omm-directional inlet  This impactor was
designed to be operated at 2 Lpm to have a 50%-cut diameter of 10 um This impactor was
operated at a flow rate of 1 2 Lpm  Instead of having a cut diameter of 10 pm, the tmpactors had
an estimated cut diameter of 14 ym  The 50% cut diameter, d,, the particle size at which the
impactor 15 50% efficient can be computed as follows®

Stk
d = |—
Where ? 40

Stk = stokes number, at a Reynolds number of 200, the stokes number 15 0 25
w = jet diameter (0 29 cm)

Q = air flow through each 1mpactor jet (cm*/sec)

1 = viscosity of air (poise)

d, = particle diameter 1n cm

The mpactor was used 1o protect the Gnmm PDM from an excessive amount of dust which was
generated by driving the tractors through grape vineyards which had not received noticeable rain
1n over a month Under each of the impaction jets, there was a 0 2- to  3-cm thack pile of dust



The Grimm PDMs were used to measure aerosol penetration inito the cab while the tractor was
discing the vineyard Dunng discing. an implement with a number of metal discs rangmg from
30 to 60 cm 10 diameter are dragged betund the tractor to work debns from the harvest into the
so1l and to leave flat, smooth so1l between the rows of grapes  Duning the first two runs, data was
collected with the old filters 1n the tractor The Gnmm PDMs were switched between runs to
mnimize mstrument-iiduced bias  Then, the Grimm PDMs were used to measure the aerosol
concentration nstde and outside the stationary tractor The marn filters and the recirculation
filters in the tractor were replaced During the next two expenmental runs, the optical particle
counter data was collected whule the tractor disced the vineyard Between the expenmental runs,
the Grtmnm PDMSs were switched to numimize between-instrument bias  After the tractor had
stopped, the stationary measurements were made with the Gnmm PDMs

RESULTS AND FINDINGS

Table 1 hsts identifying marks on the tractor and ventilation measurements made on the tractor’s
ventilation system The flow rate into the cab of 37 cfim and the static pressure in the cab of

0 3 inches of water exceed the ASAE standard specification of 25 ¢fim for a flow rate and

0 25 mches of water static pressure ¢ Figure 1 shows aerosol penetration into the cab measured
when the tractor was discing the vineyard The zerosol penetration into the cab remains below

0 02 for nearly all particle sizes In the data appendix, Tables 2 and 3 hst the penetration into the
cab and the raw optical particle counter data for each expenimental run - There 18 hittle difference
between the efficiency of the old and new filters for particles smaller than 2 to3 pm  For
particles larger than 3 um, the new filters apparently allow more penetration

Table ¥ Tractor Specificatans and Measurements

Specification Number Dhmension
John Deere Mode! No. 6410
Tractor Number 2248
Frame Number 238618L
Total cfm 37 cubic feet per minuts
Static Pressure 03 inches of water
Time Filters i Use 703 hours
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Figure 1 Aerosol penetration 1nto cab with new and used filters The filters had
700 hours of use

When the filters were changed, about 2 to 3 kg of dust appeared to fall out of the filter holder
Thus suggests that the filters were overloaded and the airflow rate into the cab was reduced

The dust concentration outs:de and wnside the tractor were computed using the following
formula

where
C,, = mass concentration
C, = number concentration 1n a channel
d, = root mean diameter of the channel

p = particle density

The formula assumes that the dust has a density of 1 gram/cc st concentrations inside the cab
are shown 1o Figure 2 and 1n Table 4 which 15 m the appendix  Figure 2 shows that the dust
concentration 1n the cab mcreased with rum number Linear regression between mside
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Figure 2 Dust concentration m the cab increased during the expenmental runs

concentrations and run number showed that this refationship was sigmificant (p=0 001 with an R?
of 0 8) The dust concentrations outside of the tractor during discing were estimated to be as
much as 60 mg/m® The highest dust concentration in the cab occurred during the last statonary
measurements which was the last measurement During this period, the dust concentration
reached 0 074 mg/m® in the cab In contrast, the concentration outside the cab was 0 28 mg/m’

DISCUSSION

The tractor’s cabin filtration system appears to be functioming very well and the spray cabs
performance appears to have remained acceptable 1n terms of ASAE §525 However, the filters
should be changed more frequently as specified by John Deere’s recommendations  The auflow
rate though the filters may have been reduced due to the increased loading of the filters

The ncrease n particulate concentrations reporied in Figure 2 1s somewhat troubling In
Figure 2, the dust concentration mereased with run number and did not appear to reach steady-
state Tlus suggests that unacceptable amounts of dust could eventually accumulate m the cab
This could cause excessive exposure to pesticide which might be on the dust or to respirable
crystalline s1lica, a naturally occurring component of so1l  In some farmung operations,
accupational exposure to crystalline silica 1s a reported concern "' The reason for this dust
generation 1s unclear There are several possible explanations



1 Perhaps, the surface of the air-handling system downstream of the filter has
become contamminated ‘This could occur due to dust spilled dunng filter change
Tractor vibrations could resuspend this dust

2 During the testing, the worker was 1n and out of the cab Perhaps, the mtenor
surfaces of the cab are being contaminated with dust from the worker’s clothing
and shoes Then the motion of the tractor causes the dust to be resuspended

3 The recirculation filters are madequate Perhaps using a more efficient
recirculation filter would control the dust generated 1n the cab

A follow-up shudy could further evaluate this preblem

CONCLUSION

The cabin filtration for the tested tractor only allowed a penetration § 0245 for particles m the
0 035-0 5 um when old filters were tested For particles larger than 3 xm, the particle
penetration was under 0 01 Thus, the tractor’s cabin filtration system on this tractor continued
to the meet the specificattons of ASAE §525 m terms of collection efficiency, flow rate, and
pressurizaticn However the filters should be changed every 500 hours as specified by the
manufacturer During testing, the dust concentration 1 the cab increased from 10 to 70 pg/m’
duning the course of the testing The health consequences and the sources of this air
contamination are unclear
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APPENDIX - DATA TABLES

Table 2. Aerosol Penetration into Cabs

Run Number Lower Limit on Particle S1ze in a Channel (pm)
035 | 05 | 075 ] 2 | 35 [ 3 65
Old Filters
0 00219 00129_:}E3/E023 00010 ’ 00016 [EEE& 40004
1 00271 | 00121 [ 00102 [ 00017 | 00005 | 00067 { 00006 | 00007
New Fl]tﬂ:_— -
3 00190 | 00090 | 0008% | 00017 | 00005 | 00019 | 00014 | ¢ Uooﬂl
4 00197 | 60087 | 00422 | 00017 | 60004 | 00015 | 00012 | 00007
Average Penetration
new filter | 00209 | 00083 [ 00367 [ 00015 [ 00004 | 00017 [ 00016 | 00007
old filler | 00247 1 00121 | 00185 ' 00019 | 00006 | 00007 ] 00005 | 00003
Penetration Measured in a Stationary Mode
“2,0ldfilter |001713 [0012785] 0 01148 [0 0282670 130923 3529.623-H 025859 [0 28499
S, new filier | 002358 | 001764 |0 0201350 059582/0 15773910 205757 0 22410
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Table 4 Dust Concentrations loside

Run Number \ Inside Cab \ Outside Cab
; |

0 om0 i 010
1 0018 | 4507
2 | o027 40 62
3 0030 5245
4 0061 W‘"
5 | 0074 028 J
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