Bull. Environ. Contam. Toxicol. (1997) 59:179-186 Environmental

© 1997 Springer-Verlag New York Inc. ';;Conr,amination
zand Toxicology

Dermal and Respiratory Exposure of
Mixers/Sprayers to Acephate, Methamidophos, and
Endosulfan During Tobacco Production

J. A. Lonsway, M. E. Byers, H.. A. Dowla, M. Panemangalore. G. F. Antonious

Community Research Service, Atwood Research Facility, Kentucky State University,
Frankfort, Kentucky 40601, USA

Received: 5 February 1997/Accepted: 22 April 1997

Exposure of tobacco farm workers to pesticides, plant
growh regulators and nicotine can occur during the
vari ous stages of tobacco production. Exposure occurs
during mxing-loading, setting, spraying, "topping",
cutting, hanging and stripping. Oten, the same person

perforns all of these procedures. Kentucky's farners
grow nore than 175,000 acres of tobacco annually
(Anonynous 1994). Acute illness in tobacco workers in
Kent ucky has become a concern. Thi s has been terned

green tobacco sickness (GIS) and probably results from
exposure to nicotine fromwet tobacco | eaves (Gel bach
1979; Ghosh 1991).

Formul ati ons of acephate, an organophosphorus systemc
i nsecticide and endosul fan, an organochl orine insecticide
and acaricide are commonly used to spray reproductive
stage tobacco in Kentucky. Each is mixed with the plant
growth regulator, maleic hydrazide

Dermal and respiratory routes are the nmjor avenues of
exposure to insecticides and natural products for
agricultural workers (Durham and Wl fe 1962). Exposure
has been quantified for various mxer/sprayer and field
worker situations (Byers et al. 1992; Chosh et al. 1991;
Lavvy and Mattice 1985). However, such exposure to
tobacco farm workers i1s undefined and health risks
associated with tobacco production remain in question.
The objectives of this research were to quantify the
dermal and respiratory exposure of the mixer/sprayer to
commonly used insecticides during the mxing and spraying
processes and to assess the potential risk to the
m xer/sprayer.

This report is part of a larger study neasuring exposure
of tobacco farm workers to these insecticides and
nicotine during field reentry, cutting and hanging
Anot her aspect of this research project involved

bi omarker determi nation through correlation of enzyne
inhibition in farmworker blood with exposure to
agricultural chenicals (Dowa et al. 1996).
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MATERI ALS AND METHODS

In 1994 and 1995, a mixture of acephate (Orthene 75, O S-
di net hyl acetyl phosphorani dot hi ate; Val ent Chemical Inc.

Val nut Creek, CA) and nal eic hydrazide (Royal M4 30; 6-
hydr oxy- 2H pyri dazi n- 3- one; Uni r oyal Cheni cal I nc.

M ddl ebury, CT) was prepared and applied to reproductive
stage burley tobacco in Hart County, Kentucky at rates of
1 and 2 kg active ingredient (Al) per hectare,
respectively. Application was done by local farners
usi ng typical methods. Chemicals were poured by hand
into a 568 L spray tank which was half full of water

The remai nder of the tank was then filled with water
using a garden hose. Applications were made to adjacent
rectangular plots (2.025 ha) by nmeans of a tractor
mount ed boom sprayer. The boom extended half the width
of each plot. Tobacco plant density was approximately
3900 plants per ha and row spacing was 1.02 m In 1995
a mxture of endosul fan (Golden Leaf Tobacco Spray;
1,4,5,6,7, 7-hexachl oro-8,9,1 O-tri nor born-5-en-2, 3-

yl enebi snet hyl ene sul phite; FMC Cor por ati on
Phi | adel phia, PA) and mal ei ¢ hydrazi de was prepared and
sprayed in the sane nanner. In addition, a mxture of

endosul fan and nal eic hydrazi de was prepared and applied
to simlar tobacco plots via an open air highboy in

Franklin County, Kentucky. All plots were chosen
randomy. The tasks of the mixer/sprayer in all cases
were to pour, mx, and spray acephate and nmaleic

hydrazi de or endosul fan and nal €i ¢ hydrazi de.

Exposure tinmes for each event were recorded. \\eat her
data including tenperature, humdity, wi nd speed, w nd
direction, and general conditions were collected. One
ni xer/sprayer was nmonitored for dermal and inhal ation
exposure in 1994 through three events each for mxing and
spraying and four participants were nonitored in 1995
t hrough four nmixing and seven spraying events.

The mi xer/sprayer's dermal exposure to acephate, it's
nmet abol i t e net hanmi dophos, and endosul fan was nonitored
using a nodified adsorbent gauze pad technique (Durham
and Wl fe 1962). Gauze pads were constructed according
to Byers et al. (1992). The exposed surface area of each
pad was 6.4 by 6.4 cm Ei ght pads were used to nonitor
dernmal exposure. Five pads with outer cotton/pol yester
swatch were attached to front trunk (chest), back trunk
(back), upper arm thigh, |ower |eg. Penetration of
chemcals through the swatch onto the gauze pad
represented penetration of chemicals through a clothing
| ayer to bare skin. Three exposure pads without outer
swatch layer (gauze exposed) were attached to face/front
neck, head/back neck, and forearm These gauze pads
represented exposure to unclothed skin. Cotton gl oves
were used to determ ne hand exposure. Respiratory
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exposure was neasured using personal type air sanplers
(Glian Instrunent Corp., W Caldwell, New Jersey). The
air sanpler punps were attached to the waist of the
m xers/sprayers. Each punp was connected to a Tygon tube
whi ch extended to an air sanpler intake tube containing
carbon filled air sanpler cartridges (Supelco ORBO 32
Bel l efonte, PA) which was placed in the breathing zone of
the m xers/sprayers. Each air sanpler was field
calibrated for each exposure event to operate at an
intake flow rate of 2 L/ mn. The mi xers/sprayers wore
exposure pads, gloves, and air sanpler units for the
duration of each mixing and spraying event. |Inmediately
following mxing and spraying, all pads, gloves, and
charcoal adsorbent air sanpler cartridges were renoved
placed in individual ziploc bags, stored on ice,
transported to the laboratory, and stored frozen unti
extraction.

Percent transfer fromouter cotton |ayer to gauze was
calculated by dividing the insecticide quantity
penetrated to the gauze (through the swatch) by total
guantity on swatch plus gauze and mul tiplying by 100.
Total hand exposure was determni ned using cotton gl oves.

To deternmine insecticide stability during handling and
storage of sanples, gauze pads (n=3) were fortified with
10 ug technical grade acephate, netham dophos, and
endosul fan on each day of sanple collection. Field
fortified sanples were extracted and analyzed in the same
manner as the exposure pads.

For extraction, exposure pads were cut diagonally in
hal f. One half was extracted for GC analysis of
acephat e, met ham dophos, endosul f an, ni coti ne, and
cotinine while the other half was stored. Cauze pads and
cotton swatch portions were extracted separately in 25
and 50 nL HPLC grade nethanol. Goves were extracted in
a simlar manner using 75 nlL nethanol. Fl eakers were
closed with duraseal-lined polypropylene caps and
mechanically agitated for 60 mnutes on a wist-action
shaker. Extracts were poured through filter paper
(Whatman no. 40) and 3 g anhydrous sodium sulfate. Al

extracts were concentrated by rotary evaporation and a
nitrogen stream reconstituted wth ethyl acetate to 1mL
and stored at -20° C until chenmical analysis was
perfornmed. O eanup of glove extracts was acconplished by
pouring themthrough a A8 Solid Phase Extraction colum
(Varian, Harbor Cty, CA) and eluting wth nethanol

Resi dues were extracted fromthe air sanpler charcoal
adsorbents by sonicating the contents of the air sanpler
cartridge two times each for 15 minutes in 3 nmL net hanol

acetone, and ethyl acetate, respectively for those events
where acephate was the sprayed product. Air sanmpl er
cartridges containing endosul fan residues were extracted
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by sonicating the contents for 15 minutes each in 3 nL
met hanol, ethyl acetate, nethylene chloride, and hexane
respectively.

Acephat e and net hani dophos were anal yzed using gas |iquid
chromat ography (GC, Hew ett Packard Conpany, Mdel 5890
Series Il, Palo Alto, California) equipped with a
nitrogen phosphorus detector (NPD). Endosul fan was
anal yzed using GC mass spectronmetry (MS). GC/ M5 operated
in selective ion nmonitoring node was used to confirm
acephate and mnet ham dophos (HP Model 5971A mass sel ective
detector). The GC colum used was a capillary RTX-5 (5%
di phenyl -95% di net hyl polysiloxane), 30 mx .53 mmi d.
GC run paraneters included: 250° C injection
tenperature, 260° C detector tenperature; oven program
was 130° Cfor 7 minutes, 5.0° Cmn increase to 160° C
this was held for 1 mnute, 25 deg/mn until a fina
tenmperature of 225° C was reached. Equilibrium tinme was
set at 3 mnutes. Gas flows were set at 15, 20, 120, and
5 ml/mn for carrier (He), auxiliary (He), air and
hydrogen respectively. Retention times for acephate,
net ham dophos, and endosul fan were 15.4, 9.6, and 21.6
m nutes, respectively. M ni mal detectable levels for
acephate, nmetham dophos, and endosul fan were .05, .O0l,
and .25 ppm respectively. Quantitation was based on
average peak areas from two consecutive injections
obtained from pure external pesticide standards and
regression analysis.

Insecticide quantities were converted from ug/nL of
anal yzed sanple to ng/cnfbased on pad area (20.5 cni
gauze pad) and then to ng/body region/hr. The body
surface area (cnf) for the nixers/sprayers was cal cul ated
from the m xer/sprayer's height and mass (Dubois and
Dubois 1916). Using the procedure of Berkow (1931), the
total body surface area was divided into regions. Tota

dermal exposure was determ ned by conbining the exposure
of clothed and unclothed body regions with the hand
exposure. Exposure to unclothed body regions (face plus
"v"-front neck, head plus back of neck and forearns) was
estimated by multiplying the area of each region with

appropriate exposure rates for exterior pads. Hand
exposure was deternined by adding the insecticide amounts
detected on the right and left gloves. Respiratory

exposure was calculated from the insecticide extracted
fromthe charcoal contents in the air sanpler (ug/ni) and
mul tiplying this anmount by the average respiration rate
of a man engaged in light work 1740 |/hr (Durham and
Wl fe 1962; U. S. EPA 1989). The acute percutaneous LD,
for acephate, netham dophos, and endosul fan are 2000,
130, 359 ng/kg, respectively (Tomin 1994). No observed
adverse effect level (NOAEL) values for acephate,
met ham dophos, and endosul fan are 30, 2, and 3 ng/kg/day,
respectively (Tomin 1994). The percentage of acute
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toxi c dose per hour (PATDH) and margin of exposure (MXE)
were calculated for each event, nixing and spraying
according to Byers et al. (1992).

RESULTS AND DI SCUSSI ON

Recovery rates of fortified gauze pads for acephate,
net ham dophos, and endosul fan were 97% 99% and 102%
respectively. Recoveries of fortified air sanpler
cartridges were 99% 98% and 95% respectively. Mean
total exposure times for mixing and spraying were 5.64
and 29.56 nmin, respectively. Weather data collected in
1994 and 1995 during mxing and spraying included: nean
tenpe%?ture 30° C nmean humdity 69% and nean w nd speed
2.10 set.

The EPA reconmended hunman exposure val ue of 70 kg was
used to cal cul ate ng/ kg/day values (US EPA 1989). The
average body weight of the m xers/sprayers 102.3 Kkg.

In general, during mxing events, the hands were the
primary source of dermal contanmination for all three
insecticides (Tables 1 and 2). For acephate

nmet ham dophos, and endosul fan the hands received 72%
51% and 82% of overall dermal exposure. The thighs and
| ower | egs were anpong the nost exposed body regions
during spraying. This was probably due to the
orientation of the boomin relation to the |egs. For

Table 1. Esti mated nean dermml exposure to workers
involved in mxing insecticides in Hart and Franklin
Counties, Kentucky in 1994 and 1995.

Insecticide
mean (*SD)

Area%* Acephate Methamidophos Endosulfan
Body Region (cm?)

mg /hr*
Hands 1144.2 38.9 £27.2 1.1 *1.2 133.5 #113.4
Front Trunk 4123.5 .5 1.0 .2+ .4 .30t .1
Back Trunk 4576.4 o A § .3+ .8 L1 0t .2
Upper Arms 1620.8 .2+ .4 .1+ .1 .1+ 0.0
Back neck 667.4 L1+ 01 0.0 $0.0 0.0 + 0.0
Face+V-neck 1096.4 .1+ .1 0.0 0.0 .2 % .1
Forearms 1668.5 .7 + .5 1+ 02 .1 % .1
Thighs 4409.6 1.1 + 2.6 .3+ .5 .9 2 .8
Lower legs 4528.7 .7 1.7 .1+ .3 .1 0¢ .1
Total 23,835.5*% 42.4 55.6 2.2 1.6 135.3 *181.8

Average body region surface area for the mxers.
**  Mean quantity of residue (ng/hr) for acephate
met ham dophos, endosul fan n=5, n=5, n=2, respectively
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Tabl e 2. Esti mated rmean dermal exposure to workers
involved in spraying insecticides in Hart and Franklin
Counties, Kentucky via a tractor mounted boom sprayer and
hi ghboy in 1994 and 1995.

| nsecti ci de
nean (xSD)

Area* Acephate Methami dophos Endosul fan
Body Regi on (cnf)

mg/hr**
Hands 1144.1 .4 % .3 0.0 *0.0 40.1 £39.1
Front trunk 4576.4 .3 .7 .9 *1.4 18.6 *40.7
Back trunk 4123.5 .0 £ .0 .1+ .2 .5 .7
Upper arms 1620.8 .1+ .3 .4 .5 L4 0 L7
Back neck 667.4 .0 £ .1 .0 .0 12.9 +28.5
Face+v-neck 1096.4 .3+ .6 .7 *1.6 25.4 +55.8
Forearms 1668.5 .1 2 .2 .4 + .5 1.6 = 2.4
Thighs 4409.6 .7 *1.5 1.0 *1.4 2.4 + 4.7
Lower legs 4528.7 .1+ .3 1.0 #1.5 .8 + 1.6
Totals 23,835.5% 2,0 #3.2 4.5 5.3 102.7+130.6

Average body region surface area for the sprayers
** Mean quantity of residue (ng/hr) for acephate,
met ham dophos, endosul fan n=7,n=7,n=5, respectively

acephate, nmetham dophos, and endosul fan, |ower |egs and
t hi ghs conbi ned received 38% 45% and 12% respectively.
For spraying, hands received 34% 26% and 56% for
acephate, nmetham dophos, and endosul fan, respectively.
The hands, front trunk, and face + v-of chest (front
neck), and back of neck (head) also received sone
exposure during spraying.

Exposure to acephate was greater for mxing than for
spraying as indicated by the high concentrations found on
the gl oves. Exposure to met hanm dophos was greater for
sprayi ng l'ikely due to the transformation to
net ham dophos during m xing and spraying (N gg et al
1981).

The nean insecticide penetration through the 50:50
cotton/ pol yester blend swatches was 32% 56% and 42% for
acephate, nethani dophos, and endosul fan, respectively.
This transfer was random and ranged from 0% to 100% f or
all three insecticides.

Where acephate was the applied product, respiratory
exposure only occurred to netham dophos. Respiratory
exposure to endosul fan occurred only during m Xing.

The nean estimated percentage of toxic dose per hour
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(PTDPH) ranged from 0.002 to .541. The maxi mum PTDPH
values of . 541 and 0.413 were observed for endosulfan
during mxing and spraying, respectively (Table 3).

Tabl e 3. Exposure of mixers/sprayers to insecticides
applied to tobacco via a tractor mounted boom sprayer and
an open air highboy in Hart and Franklin counti es,
Kentucky in 1994 and 1995.

I nsecti ci de Der nal Respiratory PTDPH* MOE* *
EVENT (wwd)***  (ng/kg/d) %
ACEPHATE
Mixing 5.13 0 .030 59
Spraying .24 0 .002 1250
METHAMIDOPHOS
Mixing .26 .01 .085 56
Spraying .54 .04 .302 21
ENDOSULFAN
Mixing 16.18 .01 .541 1.843
Spraying 8.06 0 .413 3.722

*

PTDPH=Per cent age of toxic dose per hr (Durham and
Wl fe 1962).

MOE=Mar gi n of exposure (insecticide NOAEL val ue

di vided by 10% of dermal plus 100% respiratory
exposure anounts).

*** Based on average body weight 70 kg (U. S. EPA 1989).
****Dermal LD, for acephate, nmnethan dophos, endosulfan=
2000, 130, and 359, respectively. NOAEL for
acephat e, met ham dophos, and endosul fan=30, 2, and 3,
respectively.

* %

Due to the hazards inherent in this practice of m xing

and spraying chenicals as well as differing tol erance
| evel s of individuals, caution is advised. Limted
resource farmers are generally not well equipped,

particularly regarding respiratory exposure. Endosulfan
exposure was notably high. According to Ausl ander
(personal conmunication to MEB in 1997), a 1993 death was
attributed in part to endosul fan exposure while spraying
under conditions simlar to this scenario. Al't hough
consi dered adequate by law, followi ng the pesticide |abe

di&ections is the mnimal precaution which should be
t aken
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