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ABSTRACT

ederal and State Inspection Service concerns for the

heaith and satety of inspectors in peanut grading
rooms prompted research to reduce respirable, inhalable
and total dust levels. A laser particle counter and a high
volume air sampler were used to determine particle sizes
and concentrations. A filtering system was designed to
reduce dust concentrations to tolerable levels, with an
emphasis on removing the particle size range that
contains Aspergifius flavus mold spores. The system
utilizes filters with an efficiency of 90% to 95% and
arrestance of 99% while filtering all of the air in the
grading rooms every pwo minutes.

INTRODUCTION

Grading operations at peanur buying points involve
operations such as sampling, weighing, <leaning,
shelling, screening, and splitting the peanurs. Each of
these operations either releases previously generated
dust, such as the cleaning operation, or creates dust, as
occurs with the sheller. Breathing chis dust for prolonged
periods can pose a health hazard to the peanut inspectors
and has resulted in several claims against the Federal
State Inspection Service by workers who became sick
while working in peanut grading rooms (Lace. 1988).
Federai-State Inspection Service concerns for the health
and safetv of inspectors at peanut buving points
prompted research to reduce dost levels in these grading
rooms. [he objectives of this research were to design a
tiltering system thart is adaptable (o many different room
sizes and environmenes and effective in reducing
respirable dust levels.

LITERATURE REVIEW

Dust is classified by size into three primary categories,
respirable. inhalable. and total dust. Respirable dust
refers to those particles small enough to pass through the
nose and upper respiratory system and penetrate deep
into the lungs. Particles that penewrate deep into the
respiratory system are generally bevond the natural
clearance mechanisms of the body and are more iikely to
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be rerained and cause health probiems. These respirable
particles are less than 10 ym in aerodynamic diameter. It
is estimated 23 of those particles less than 5 um are
respirable, while 90% of those particles less than 2 um
are respirable. Inhalable dust consists of the size fraction
larger than respirable dust and has an aerodynamic
median diameter of 10 um. Inhalable dust enters the
body but is trapped in the nose, throat, and upper
respiratory tract and usually expelled from the body.
Total dust includes all airborne particles. regardless of
the size or composition {Mody and Jakhete, 1988).

The Occupational Safety and Health Administration
(O5HA) does not have regulations that apply specifically
to peanut grading rooms (Laird. 1988). However,
researchers for other commodities have recognized the
need for dust reduction to improve working conditions
for grain handlers. Increased incidences of chronic
bronchitis. asthma provoking allergies, and emphysema
have been reported among grain handlers (Cotton and
Dosman, 1978; Dopico et al., 1977). In addition.
aflatoxin, a carcinogen produced by Aspergillus flavus,
has been detected in grain and peanut dust from highly
contaminated lots (Sorenson et al., 1984; Silas et al.,
1987). Several researchers have reporied the incidence of
A. fMavus in grain dust (Martin and Sauer, 1976; Hill et
al.. 1984}, Hill et al. {1984) showed that about 25% of
the 4. fHavus spores from corn dust were less than about
J pm in size and would. therefore. penetrate deep into
human lungs. Fungal spores can cause allergies,
poisoning, and infections, !F spores are present, then
atlatoxin mayv exist or may be produced.

Several dust reducing rechniques have been used with
varying degrees of success. Lai er al. (1981) used oil
additives in small grains o reduce dust with some
success. Martin and Stephens (1977} used a cyclone dust
sepatator to remove dust generated during corn
handling. Brown and Reed (1926) used bag filters and
electronic precipitators to control grain dust. Anthony
and Celumbus (1985) used a suction hood over dust
sources 1o remove comon gin dust. Because of labor
requirements and the numerous dust sources, oil
additives were not considered as a solution in this
research, Cyleone separators are not designed (o remove
dust particies smaller than about 40 ym in diameter
(Mody and Jakhete. 1988) and electronic precipitators
were not considered to be an economically viable solution
to the dust problem in peanut grading rooms. Theretore,
other solutions were considered in this research,

*Mention of a trademark or proprictary product does not constimie
1 guarantés or werranm of the product by the U.5. Department of
Agriculture and does not 1mply s approval to the exclusion of other
ProQucrs that may also be suitabls.

TRANSACTIONS of the ASAE

20§ weauay agl Ly pagsigng
1 3y usod] papiyadan s apRRae s

op CZE A VEY 341 10 SNOLLIVSNVILL

Cyebk [ ydasof g tsaamiug (e y ju L2
5

W5 LSl
TR TR A



PROCEDURE

A Met One Model 217 laser parucle counter and a
Generai Metal Works Model 2000 high volume air
sampler were used to estimate the respirable, inhalable,
and total dust leveis during the crop vear (CY) 1988
peanur season in nine grading rooms within an 80 km
radius of the National Peanut Research Laboratory in
Dawson. Georgia. Each grading room had the same type
of grading equipment and the rooms ranged in size from
about 300 sq ft to about 750 sq f1.

The laser particie counter utilizes a near forward light
collection system with a solid state laser dinde to
simultaneously count two sizes of particles. The laser
particle counter counted the number of particles grearer
than or equal to 0.5 and 5.0 ym over | min sampling
periods for about 20 min at a 0.0028 cubic meters/ min
flow rate. Sampling at this interval gives 95% confidence
in estimating the 0.5 um particles within 1000 of their
actual vaiue and the 5.0 um within 100 of their actuai
value. The laser particle counter compared the
effectiveness of different air flow rates and filter types in
reducing dust levels. Also, since 1-min sampling perieds
were used. the contribution of different grading
components (0 dust levels and the effect of dust filters
cycling on and off were determined. The 0.5 ym and
larger particles estimated the amount of respirable dust.
including meld spores, while the 3.0 pm and larger
particles estimated the inhalable dust. Aflatoxin levels in
the dust were not determined: however, it was assumed
that if the particle size range that includes mold spores
was filtered. then the risk of aflatoxin is reduced. Figure
1 shows the particle size ranges observed in this research.

The high volume sampler collected the total dust
desposited on a General Metal Works 20.3 ecmx 25.4 em
0.2 ym filter over a 24-h time period at a flow rate of 1.2
cubic meters/ min, The sampler consists of a blower unit
which continuously pulls air through the filter and is
supported in a protective shelter so the filter is in the
horzontal position. The filters. were weighed before
sampling and transported in air-tight plastic bags until
placed in the sampler. After completion of the sampling
period, the filters were carefully replaced in the plastic
bags and transported to the laboratory and the Alters
weighed to 0.000 1-g accuracy. This sampier compared
the total reduction in dust levels achieved by different
filtering svstems.
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Most grading rooms were monitored for at least six
days. The tiltering system was operated every other day
resulting in three days with the filtering system operating
and three days with the dust filter rurned off. The
number of peanut samples graded per day, and the time
each piece of grading equipment was used was recorded
for the appropriate sampling device. The sampiers were
placed away from the dust filters and away from dust
sources. The laser particle counter was placed close to
the picking table at a height of about one meter. The
high voiume sampler was placed adjacent to the picking
table and the construction of the protective shelter
dictated that it be piaced about 0.5 m from the floor.
Since no applicable OSHA standards exist specifically
for peanut grading rooms, threshold levels were set basad
on the response of graders at test sites. When 0.5 um
dust counts, which estimate respirable dust including
mold spores, were below 90,000 particles collected in a
I-min period, graders noticed an appreciable difference
in air quality. One peanut buying point manager, whose
filtering sytem maintained dust levels below this
established threshold. noted that none of his graders
missed work during the CY 1988 season for health
related problems. Before the dust filtering system was
installed, health related absences were common at his
tacility, The 5.0 um and total dust values were not used
to monitor threshold levels, but used to compare the
relative effectiveness of the dust filtering systems.
Two concepts of reducing dust levels were tested. One
concept eliminated the primary dust sources, and the
other concept removed the dust after it was suspended in
the air used a filter matched with a blower providing a
given flow rate. Several dust removing techniques within
each of these concepts were tested in order to develop an
effective dust filtering system. These technigues were:
l. Isolation of the primary dust sources. the
sheller and foreign material machine. to keep
dust created from these machines confined to a
small area. [solation was accompiished by
enclosing the machines in plywood and
plexiglass boxes. Grade samples were inserted
and removed throngh doors in the boxes.
2. Vents placed over the dust sources to remove
the dust as soon as it was generated. These
vents were attached to a 2000 cfm blower with a
65% efficiency filter,

3. A ventilation hood with filters placed over the
picking table. The hood was tested with <20%
and 25%-30% efficient filters and had a 2000
cfm blower.

4. Stand alone filter systems suspended from the
ceiling that recirculated and filtered all the air
in the room. Flow rates of 600 to 2000 ¢fm and
filter efficiencies of 25% to 95% were tested.
Filters placed in existing air conditioning
systems. The system had a 2000 efm blower and
<20% and 25%-30% efficient filters were
tested.

Filters with efficiencies and arrestances ranging from
20% to 99% and flow rates that filtered all of the air in
the grading room within the range of 1 min 10 4 min were
tested. Efficiency indicates how many of the respirable
size parricles the filter will remove and arrestance
indicates how many of the inhalable size particles the
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FABLE 1. Effecr of solaning the sheller 2nd foreign matenal
machine ( FM1 on dust leveis

No. ol

Na. al Tiotad duss

parncies pareicies sl

a5 wm® #30 umt gt
Sheller /M isoaaced 36,193 Az 3,905 Az 3402 At
Conrol 33,906 A 2731 A 1.237% A

* Average of atout 370, L-min samoling mtervais

4 Total dust caldected over 24.h sampling penods. average of dfiree
sampling proods

$Means i coiumns fallowed by the same letiar are net signadieansiy
different ac the 0.05 level by the LSDL pr

filter will remove. Efficiency and arrestance are
determined in aceordance with the American Society of
Heating, Refrigerating, and Air Conditioning Engineers,
Ine. (ASHRAE) standard 52-76 (1976}, The flow rate of
the filtering system is important because the dust in the
air must be removed as fast or faster than it is being
creared to maintain or create & clean environment.

RESULTS AND DISCUSSION

[nitially. climinating the primary dust sources by
isolating the foreign material machine and sheller was
examined as an economical approach to reducing dust
levels. Table 1 shows that isolating the sources had lirtle
effect on the respirable 0.5 wm levels. Reductons of
approximately 50% occurred in 5.0 um and total dust
levels. These results indicate that the foreign material
machine and sheller are primary dust sources for larger
particles. but most of the smaller parnicles came from
other sources, Therefore. additional filtering
NECESSary.

Two combinations of filter wpes and air flow rates in
stand alone filtering systems (Fig. 11 were tested to
determine the type of filter needed and how often the air
in the room needed filtering. Table 2 shows the results of
these tests. The high efficiency filter maintained the
average 0.5 um dust levels below the established
theeshold of 90,000 particles. A pgreater than 0%
reduction in all dust levels was achieved with the high
efficiency filter, Due 1o the extreme variability in dust
leveis caused by the grading equipmenc cyveling on and
off, staustically significant differences in some means
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Fig. 2—Schematic of stand-alomne i']]ttring system osed to evaluate air
flow rate and [lter efficlency effects on dusi levels.

were not seen. However, large differences in the means
were observed.

A continuously running hood system placed over the
picking table with vacuums placed over the foreign
material machine and sheller was tested with several
different filter types. The resuits (Table 3} show that the
pleated filter in the hood system was the only filter of
those tested in this system that reduced 0.5 um dust
levels below 20,000 particles. A significant reduction in
5.0 um levels was seen with the pleated Flters. This
system was specially buiit for this grading room and was
part of the central air conditioning svstem. Therefore.
since few grading rooms have cemtral air systems, the
system could not be used for all rooms.

Table 4 shows the effects of a filtering system that
utilizes an existing central air conditioning system. Two

TABLE 1. Effect of fleer svpes om dust Levels rn a hood fleering syiiem

Filies §Specefiranant

Tanover " . of Ma, af
ate zarmseies pammicles

Tupe Tifjeency-  forEstanie T a5 umt @530 amr
- Eihergiass i 23-7i -t ] L3300 AL 12400 AL
 Fiberglasg i1 | LY T ad 120000 A T A
Fleared R 1 15 1% 23,000 4 4500 8
T Ampung ol 15T PEAEren 10 PHESE LU &f [NE LT 4N 20 FOUM ang A

dverage of pi. 1T SAWED \CEEVALS (107 DNE SSARE foum . A sulficient

sgmBEE i P03 Ut JLmEiey wetE nof Soilegitd to allaw 4 comparsen ot tatal

IlEsC mEanie
TMean i commns toldowed hw oo tare jpster are ot wemrcany aifforen ac the
5 lewel by eme L5 D procudure

TABLE 2, Effect of filter tvpe and air flow race on dust levels

Fitering 3vsiem

Speciiicacions No. of sarncies Mo, of parncies Tatal
Tvpe Efficiency ArTestance Tuenover® Flow razc 0,5 pmy #5.0 pmr duscz
T T imin cubic mesers gl
pEr minue
Grading/Na Fiircer - - 124000 A4 26400 A4 LTT AL
lag [-F) 095 0.8 a7 100000 A 17000 A A A
High efficizncy 3.2 17 60,000 A 12,800 A Lo B
Poimary =5-20 3496
Secondary G0-5E ay
o grading - - IELTA 13.503 A 0.05 ¢
o Fileer
*Amaunt of time reguired co fileer 3 of e 317 10 TAE TOOM Ong me
*Aversge of G0, Lomin samaling intervais
= Taral duse goilecred aver 14 h sameune peniods. averame ol ihrgs sampine ToTiodd

$Mean in columns followsd by the same ictter are nor siemincanoy different 2
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TABLE 4. Ftfect o1 sileer rvpe on cust leves using
% exmdting A com@manme (A sysem

TLUiEr aREEEatan

Iarnomar fumaat iy, of
r1e ammeles sarkadics
Teos “ifictency  Asreutarsc i 1] EREFM b =30 mms
19 23-Fi iy L1000 AT CID AT
el L i L0000 A 10D A

The 2ir wad flicred every 1.7 min when me svisem was runnsng, However, the
EYitEm oRi ram waen AL was nesded, or &n cstimaied 0% ar che eame.
Awtrags 07 610 L-man amolng intssvals Som one grading toom. A swifician:
rumbes ab farm dust sampees ware naot COLECTEE B BodW § 245 BAFdan of 1ol
UL MESRS.

zhbean tn warumes Inilowed By the same ietrer are not vigninicansiv Siiferent i 500
LS leved v 1me .50 proceacre

TABLE %, Effect of irsdeguate = flow on dus conteal

Filver Tisfmower * Na. of o of Taeal
Type tate aartic ey particles dugg
(s 2005 um ! =50 umt IBiE
Mot = 200,000 A4 JE000 A4 2.782%
High effizieney 18 |2 D00 & 4000 B 1.8428
Hugh etficeney 12 0009 B LT.EQD B -

“Amount af time roguwed 12 fdier al of che air i the toam oe me

* Average @i G Loman MpEng tAneevls

T Toral cusr cailrzted over 24 b famoling periads. aversge oi 5 sam oiing periads
§Mean 13 coiumns fodowed by the wme etter are nac sgniticant v golferent at the
A0 level by sy L5 D procedise

different filter types were used in the system. the
convenuional fiberglass filter and a pleated Alter. Dust
levels were not reduced to the established thresholds with
either filter type because the air conditioning cycled on
and off and did not keep ahead of the dust being created.
In addition. the filters were not efficient enough to
remove small particles.

[t is essential that the rate at which the air is filtered
exceeds the rate at which the dust is creared. A high
efficiency filter etfective in removing dust combined with
a low flow rate will not adequately remove dust from the
air. Table 5 shows that the 0.3 um dust parricles were
reduced to only [30.000 particles [rom 200.000 particles
due to a low flow rate in a large room. The 3.0 um dust
was reduced about 30%., The air turnover rate of about 4
min needs © be reduced to about 3 min in order for the
high erticiency tilter to clean the air ar a rate as fast or
taster than the dust is being created and maintain 0.5 o
levels below 30,000 parricles. The 0.3 um dust particles
ar the high flow rate are significantly lower than the
control or fow flow rate { Table 3.

Dust created by grading equipment is not the only
contributor to the respirable 0.5 um particles, Figure 3
shows that cigarette smoke causes dramaric increases in
respirable dust above wlerance leveis while 3.0 um levels
are decreasing. Therefore. il reducing dust levels is a
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Fig. 3—Increase in 1,5 um paricles due (0 cigareue smoke.
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health concern, smeking should be prohibited in grading
rooms.

SUMMARY AND RECOMMENDATIONS

There are approximatcly 600 grading rooms in the
peanut producing arcas of the United S:ates. Each room
s unique: therefore. one filtering system design may not
work for every situation. One peneral solution that
should solve dust probiems in most rooms is presented
along with results for other specific situations.

The results of this study showed two types of systems
maimained dust levels below the established threshold of
90.000 particles 2 0.5 um in size and reduced inhalable
and total dust levels. One system utilized a hood with
filters placed over the picking table and inciuded a duct
system that removed the dust from the sheller and
foreign material cyclones. This system was specifically
designed for this grading room and was part of a central
air system; theretore, it is not recommended as a solution
for most grading rooms.

The most universal solution was a stand alone filtering
system that contained a primary and secondary filter.
The filters have an efficiency of 90% 10 95% and an
arrestance of 99%. Although the svstem worked weil in
one environment with the air filtered every 3.2 min, other
tests showed poor performance with a urnover of 3.8
min. This indicates that a 3.2 min turnover is on the
borderline of providing effective filtering. To insure an
adeguate flow rate with high efficiency filters using a
safety facror of about 1.5, an air turnover rate of 2 min is
recommended.

Other recommendations are:

1. Toaid in maintaining a clean environment, the
grading room doors should be kept closed and
stoking prohibited.

Clean filters are a requirement for an effective
filtering svstem: theretore, the svstem should
contain & deviee such as a manometer that
indicates when to change the filters.

The fitering system should contain adjustabie
louvers so air flow can be directed away trom
the scales to prevent weight tluctuations caused
by air movement.

These recommendations are based on systems tested at
specific grading rooms. The number of loads graded and
the environment in which the grading room is located
will change. Theretore. modifications to these
recommendations may be needed. For example, if a
large number of samples are graded per day and the
erading room is located in a windy. dusty location, thena
larger blower may be needed to filter the air more
frequently,
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