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ABSTRACT 
HEAT and corn were treated with 0.04 percent W Durkex Mo oil and 0.02 and 0.06 percent mineral 

oil. each with and without added malathion, to reduce 
grain dust emission during handling and prevent insect 
attack during storage. A sample without additives sewed 
as control. After applying the additives. the p i n  was 
conveyed immediately in a snull elevator leg and the 
amount of dust generated was measured. All samples 
w r e  stored at ambient temperature(lS to25 OC)and the 
dustiness measured after I .  3. 6. 9. and 12 months of 
storage. Dust generation during handling of the grain 
was drastically reduced by as little as 0.02 p e m n t  added 
oil, however. the effect diminished after 1 month of 
storage for Durkex MO oil and 6 months of storage f a  
mineral oil. The application of malathion in combination 
with Durkex so0 oil or mineral oil did not affect the ef- 
feetiveness or persistence of malathiin on treated w h u t  
or corn. Treatments of oil and nulathion had functional 
(milling and bradmaking) pmpertia of wheat P m p k  
after 1.3.6.9. and 12 monthsofstmge. Hydmlytkand 
oxidative rancidity did not a p p u r  to be a problem. 

Control of the grain dust emitted during grain ban- 
dling L badly needed to improw air quality and in- 
dustrial safety. UnforhlarIely, cust-ctTcclive control 
measum for dust have yet to G ertrblbhed. Although 
separation of dust fmm dust-lrdca air by bag filters. 
electronic precipitators. and cyclone cdkaa (Elom 
and Reed. 192k Martin d Sccpbem, 1977). a m  bo 6- 
leain. the COIU of innrlltbo. opnrka. a d  
maintenance fa such equipmrn ue expensive. Thia 
type of dust coned .tkrr expbdbk mktum 10 OcNr. 
Moreover. the required by ament NlwI of 
removing dust from dudJ air m y  QQcd the e- re- 
q u i d  to move tbe m. 
by p m n t i o a  of a.ll*dnn. Tbrn ur ho brood 

The p m b h  ddPrt cooed M also be appmchcd 

categories of methods to prevent emission - ( a )  rpplica- 
tion of additives to grain and (b) use of nlechanical 
devices. (This paper deals with the first category: the sec. 
ond category will be discussed in another paper.) Water. 
because of its ease in application and low cost. is the ob. 
vious additive for use in preventing dust generation. Lai 
et al. (1979) found that water applied under specified 
conditions did not appreciably increase the moisture con. 
tent of grain and no spoilage was seen after storage for I 
year. However. water evaporates easily and must be add- 
ed every time grain is handled. 

Smnl kinds af additives merit consideration for use 
in mducing dust emission. Both animal and vegetable 
fats and oils are nutritious. but most are subject to ox. 
idative )ndlor hydrolytic rancidity. In  tests of 
pqeh t in i r ed  cornstarch (Hubinger Co.. Keokuk. [A) 
and heated wnstarch paste(Corn Products. North Kan. 
IU City. MO) at the US. Grain Marketing Research 
Labontory (USGMRL). appliution was tedious. the 
resulting starch N m  did not renuin attached to the 
gnio. and a relative large quantity (5 percent) of starch 
w a s  needed 10 t0.t the grain surface. Guar gum (Henkel. 
Mlnnupdu. MN) and molasses were not suitable 
b e a u r o f t h e i r u p e n u  and the dificultyof appli.cation. 
Grain trutecd with moluvr b m e  sticky and lost its 
free M n g  property. Cork et al. (1978) found that dust 
lmlr in w h a t  WIC reduad more than 92 percent by 
treatment with a hydrocarbon-bad oil at levels as low 
u 0.07 p m n t .  They also found that the dust levels were 
d u d  when the additive w u  a p p W  to shelled corn 

Thr objectiws of thin study were to (a) determine if 
edibk oil a n  control dust eminion. (b) determine the 
amaunt of oil needed to p m c n t  dust formation. (E) 
masure the effccchcnar of oil treatment after long 
periods dstorylc. (d) mdpe theeffed ofoil and oil- 
rnrlathba tratmena on p i n  quality. (e) confirm the 
compatibility and biob&8l eflcccirr~u of oil- 
nuhthh mixtum and (0 determine the cort of an ef- 
f& coaconmtbn of oil. 

rqk.ol, 

MATERIALS 
G n b  

CommmiJ w h a t  of unknown air in 1 8 s  obtained 
fmm the Commodity Credit Corporation: it had a 
moisture content of 9.9 p m n t  and a test weight and a 
test w@ht of62.6 Ib/bu. IC was gndcd No. I Hard Red 
Winter what .  Number I yellow dent can from the 1974 
'emp w u  drkd  with natural air 10 12.5 percent moisture 
.content: its tat d b t  n 50.3 Wbu. 
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Additives 
Durkex 500 oil was selected because it  is one of the 

niost stable h i d  vegetable oils (AOM stability of350 h).  
Durkex 500 oil was obtained froni Durkee. Inc. (Joliet. 
IL). Carnition niineral oil. which is not subject to either 
hydrolytic or oxidative rancidity. war obtained from 
Witco Chcmical Corp. (Petrolia. PA). Technical grade 
95 percent malathion was obtained f'roni the Anlcrican 
Cyanamid Co. (Agricultural Division. Princeton. N J ) .  

METHODS 
Two series of' tests were conducted. Series I consisted 

of four replicated treatments of 120.pound lots of wheat 
and corn: nialathion + water. malathion + 0.04 percent 
Durkex 500 oil. and a control with no additives. Series I1 
consisted of six replicated treatments of 120-pound lots 
of wheat and corn: malathion + water. malathion + 
0.02 percent mineral oil. malathion + 0.06 percent 
mineral oil. 0.02 percent mineral oil. 0.06 percent 
mineral oil. and a control with no additives. 

Appllatlon d Malmthlon 
Malathion sprays were prepared by mixing malathion 

with oil or water so that it could be applied at a dosage of 
IO ppm malathion in 2 to 5 gal of fluid per 1.OOO bu 
(depending on the volume of water or oil applied). 

Applkatlon of Additives 
All additives were applied with a siphon-type spray 

nozzle 10 deliver a fine spray through a hde in the center 
of a rotating d N m  (fig. I). All loU were r0Iated for 10 
minutes. then transferred to a Universal mini grain 
elevator (Horst Co.. Cedar Fdb:IA)(fig. 2). The grain 
was elevated 4.6 m (-15.5 ft) and mmd via a spout 6 
m ( 18 ft) long and IO cm (4 in.) in dmmetcr to %gal bar- 
rels. Grain Ila mU! N rppmrimatdy 100 Wmin.  

For each loc O c p i n .  we tmcd: dustiness ofthe grain. 
milling and Win# quality ( w h a t  @). amount d ran- 
cidity (wheat Only). b i a o l y .  a d  malathion m i d u c  
analyses. 

Dust M e u u n m n t  
Dust in the free space above the p i n  in the barrel 

(Fig. 2) was sampkd immedutely aftertrutment. and I, 
3.6.9.  and 12 months after treatment fa 2 min by a Hi- 
volume air sampler (UNICO 500. National Environmen- 
tal Instruments. Inc.. Fall Rim.  MA). openled at I set- 
ting of SO. The aidow rate of 28 cu Wmin was checked 
with a I0.hok plate and a calibrated orifkc. Dustiness 
was measured in gram of dust cdlencd pr gram d 
grain hmdkd.  After handling. the grain was stored in 
steel barrels at mom temperature ( IS  10 2fi '0. 

., 
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FIG. 2 E ipr imnul  g d n  handtin( i y u m .  

Partkle Sire Analysis 
The dust collected during the handling for each treat. 

nieiit was renioved from the Hi-volume tillers. We then 
measured the particle size distribution of each dust rani- 
ple according to the sedinientation method dereloped by 
Whitby (1935). using equipnient manufactured by Mine 
Safety Appliance Co. This method involves centrifuging 
a suspension of dust in a liquid at increasing speeds and 
noting the height of the resulting sediment column. Cen- 
trifuging was continued until all panicles were settled. 
The dust was dispemed in naphtha and added on top of 
the sedinientation liquid. benzene. We assumed :hat 
dust samples had a aensiry oi i .46 gicc. 

MlUin~ and Baking Tesu 
Milling and baking tesb were conducted on 5 pounds 

of wheat sampled from each wheat lot. 
Samples of w h u t  were cleaned in the Carter dockage 

tester, mixed with a Garnet precision divider. and sub. 
sampled for chemical analysis and milling. Test weights 
were determined on the subumples u u d  for milling. The 
samples were tempered to IS percent moisture 24 h 
before milling on the Allis experimental mill at the 
USGMRL. The pmccu involved 4 breaks, 1 sizing. 2 
uilings. and 9 middlings rolls. Weights of the coarse 
plus fir. bran. shorts. red dog. and combined tlour 
s t r e a m  were recorded. The flours were blended for 5 
min. and a subsample was u k e n  for chemical analysis 
prior to baking. Yiclds were determined by dividing 
weight d flour by weight of total pmducU. 

The baking procedure of Finnq and Barmore (1943: 
1915.: 1945b) and finncy(1945) for 100-g flour(l4 per. 
cent moisture basis) was used except that I -amrbic  acid 
(50 ppm) w u  used as an oxidant. 

R.nrM* Mamremcnu 
Lipid w u  c ~ t n c t e d  fmm the whole grain with 

petroleum ether. Fint we placed 700 g of grain inlo a 
beaker and added petroleum ether to m e r  the grain. ' 
stirred the sample for about I min. then let it stand 
5-10 min: then we filumd ON the ether through No., 1 
Whatnun filter paper. eraporrled the ether on a Steam 
bath. and repested the pmcedure until a t  least 20 g of fat  

1621 I%I-TwANSACTIONS d ~h ASAE 
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STORAGE T I M E  IMONTUSI  
FIG. S Th ellrcu ol slnnl+ an dull e m b h  lm 
m l n n l  011. 

I n m u d  r l t h  

ferencrs aniong the four treatments. 
The ininicdiate ellcct of trcatnient of wheat with 0.04 

percent Durkex 500 oil without malathion was a reduc- 
tion in dustiness to S.4 percent of that for the control 
(Fig. 4). The effect of Durkex 500 oil in preventing dust 
emission from wheat was lost after I mo of storage. 

In the second series of tests. the effects of treatment 
with mineral oil on dustiness of corn were signi!?cant 

-(Table I and Fig. 5). Dust emitted from corn immediate. - ly after treatment &h 0.06 percent mineral oil was 
reduced to 4.4 percent of that for the control. The effect 

-of water was leu significant and w u  lost after I mo of 
storage. After 6 mo of storage. rmtment with 0.06 per- 
cent mineral oil w u  still d e c l i v e  in  reducing dust emb- 
sion. Corn stored for I yr after trutment with 0.006 per- 
cent mineral oil exhibited dust emission at leut  half that 
of the control. The effects of treatment with mineral oil 
on dustiness of wheat were similar to those for corn (fig. 
6). 

The application rate of oil had a significant effect on 
reduction of dust emission. Treatment with 0.06 percent 
mineral oil resulted i n  greater reduction of dust emission 
than did tmtment with 0.02 p m n t  m i n m l  oil (Tabk 
I). The upper limit d m i n e d  ail is dictated by the cost 
and by the maximum allarabh coaanlntion of 0.15 
T A D U L A V ~ ~ . ? U - I ~ ~ ~ ? * . - ~ ~  
D T O . * I N t l l l M m * ~ ~ ~ m * l S m M u * t u l o *  
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FIG. b T h  e 1 l . c ~  d e i o n y  on dust .mission lmm r h s t  1-ud .ilk 
ninnl e l l .  

percent of niineral oil in bakery products (Code of 
Federal Regulations. 1979). Mineral oil i s  used as a 
lubricant in a bakery when dividing the dough prior to 
baking into bread. 
No direct comparison of the effects of Durker 500 and 

mineral oils can be made because of the different ap- 
plication rates. However. the amount ofcorn dust reduc- 
tion was about the same for 0.04 percent Durkex 500 and 
0.02 percent mineral oil. except that the- reduction of 
dust emission immediately after treatment by 0.04 per- 
cent Durkex SO vas higher chan that by 0.02 percent 
mineral oil (Tabk I) .  For wheat dust a similar pattern 
was observed (Table 1). Therefm. we conclude that 
trutment with mineral oil h more effective than treat- 
ment with Durkex SO oil. This eflect may be due to the 
higher fluidity of mineral oil which may cause i t  to coat 
more thoroughly the surface of the grain. 

Dolt Puc*la Sllu Arulplr 
Snull dust panicles are more undesirable than large 

dust panicles. The average sue of dust particles emitted 
from oil--red grain w u  larger than that from the con- 
nob (Tabk 2). W h t  tre81ed with 0.06 pemnt oil and 
0.06 prrcent ail plus nulrthion a b  showed an addi- 
tional i- in average partick size after I mo of 
scoraw. After 3 mo d storage. che 0.02 mineral and 0.04 
percent r q c u b k  oil treatments showed no differene in 
a m p  parcide sire of dusc panicks cornpami with 
those for the concmlr. Some e f F a  of the 0.06 perent 
m i n m l  oil hutment lured at k t  12 mo. 

The percent demitted dust panida s n u l k  than 10 
wm is given in Tabk 3. Fine p.rcide concentration 
gndually incrrued with swage  time. p8ItiCddy after 
3 mo. 

TaI Wri#ht 
Oil had 110 &a on the test weight ofeon, (Table 4 

Oil serred as a lubricant lor w h a t  and increased i ts  COT 

pactnar. resulting in a sutbtically insignificant increalc 
in test weight during 3 mo of s1or.g~. After b mo of 
storage, tk tert night w u  the same as that of the con- 
trol. 

Mohto~ CoacMt 
Storage t ima  and treatmenu with either Durkex 5-00 

I 
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was obtained. Free fatty acids and peroxide values were 
nieasured by AOCS procedures Ca Sa.40 and Cd 8.53. 
respectively. 

Blouuys and Ruldue A ~ l p l r  
Fifty adult insects from laboratory cultures of the rice 

weevil, Sirophilur oryxue L.. and the contused llour bee., 
tle. Tdol iun CouJusum Jacquelin duVaI. were each 
placed in 0.47-L ( I  pt) jars containing 100 g of grain 
from each replicated treatment. Mortality was determin- 
ed after the test insects had been exposed to the treated 
grain for I r k  a t  27 OC and 60 2 S  percent relative 
humidity. Bioassays with each insect wen replicated 
three times. 

malathion analysis fmm uch replicated treatment after 
24 h and I .  3. 6. 9, and 12 mo of rtonge. Residues of 

Sampici irf e k e s t  iiid =ii ::= ob%latc! Fer 

malathion were extracted from the grain and anlayzed in <. 

FIG. 4 T k  dUII d l t o m ~  on dvir omission lrom wheat Ir..led .ink 
royl*.n nil. 

a T r a d  M.T. (Microtec) gas cl~roniatogr~ph usiny a 
procedure adapted liom Storrherr et al .  (1964) and 
reported by Quinlan et al. (1979). The lowr  detectable 
limit r a s  0.1 ppni, 

RESULTS AND DISCUSSION 
Dust Emission 

We found that oil was effective in reducing dust  emir- 
sion from grain. In the first series of tests (Table I ) .  the 
immediate elTect of treatment of corn with 0.04 percent 
Durkex 500 oil was a reduction in dustiness lo 6.7 per. 
cent of that for the control (Fig. 3). Application of water 
and malathion also slightly reduced dust emission: 
however. after I mo of storage. the dilference in dust 
emission beween the control 'and lots of corn tre- 
vi!!! wi!er 2nd matarhian became less signiticant. , 
I mo of storage. the effect of Durkex 500 oil began to 
diminish. probably because the oil was absorbed by the 
kernels. After 9 mo of storage there was no distinct dif- 
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