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1.0 INTRODUCTION >

Mobay Corporation has applied for registration of Tempo 2 insecti-
cide, a liquid concentrate formulation containing cyfluthrin at

2 1b ai/gal. Cyfluthrin is a nonsystemic synthetic pyrethroid,
intended for use on ornamentals (including nurseries, yards,
ornamental gardens, and greenhouses). A previous exposure assess-
ment by EAB (March 16, 1987 plus memorandum dated September 17,
1987) calculated exposure to applicators and residents resulting
from the PCO application of cyfluthrin to indoor use sites.

Label instructions require the use of goggles or a face shield
when handling cyfluthrin.

Because EAB has no data measuring exposure to cyfluthrin, this
exposure assessment was conducted using surrogate data from )
studies in EAB's database. This assessment provides respiratory
and dermal exposure estimates for mixer/loaders and applicators
involved in the application of cyfluthrin to commercial greenhouses
and dermal exposure estimates for mixer/loader/applicators (com-
bined tasks) applying cyfluthrin to outdoor ornamental plants.

and shrubs. The following assumptions were required:

1. An average worker weighs 70 kg.
2. Exposures are not adjusted for dermal absorption.

3. Workers are assumed to handle 0.014 1b ai/day for green-
house application (1) and 0.03 1Db ai/day for outdoor orna-
mentals (2).

4. sStandard work clothing includes long-sleeved shirts
and long pants. Protective gloves are assumed to afford
a 902 reduction in dermal exposure to the hands.

5. Respiratory exposure for workers applying cyfluthrin to
outdoor ornamental plants and shrubs is negligible com-
pared to dermal exposure. ’

2.0 REVIEW OF SURROGATE STUDIES
2.1 Greenhouse Application

Exposure of workers was measured during application of Aliette
(Fosetyl-Al, 80% wettable powder) to greenhouse ornamentals at.
Columbus, New Jersey (3). Mixer/loader and applicator exposures
were measured separately for four different workers. The tasks
were changed so that no worker performed the same one twice,
yielding a total of four replicates each for the mixing/loading
and application functions. All workers wore the label required
long-sleeved shirts, long trousers and impermeable gloves. Work-
ers also wore baseball hats and respirators which are not required
by the label. Each replicate consisted of either mixing/loading
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or application of 12 tanks of spray mixture. The tanks contained
57 grams of formulated material (45.6 grams of active ingredient)
in 2.5 gallons of water. This concentration matches the maximum
application rate of 5 pounds of formulation per 100 gallons. The
mixer/loader weighed the material from a bag of bulk material on
a top loading balance and transferred the required amount into
the tank. .The tank was then filled with 2.5 gallons of water,
capped, pressurized with carbon dioxide, and shaken to mix the
contents. Each mixer/loader handled a total of 684 grams of
formulation (547 grams or 1.2 pounds of active ingredient) during
each replicate. The applicator then sprayed the diluted material
onto the foliage until runoff. Power for the spray was provided
by a carbon dioxide cylinder strapped to the worker's back. Appli-
cation took 53-65 minutes, with an average time of 58 minutes.

Respiratory exposure was measured by drawing air at a known rate
through a cassette containing a fiberglass filter. The cassette
was attached to the worker's collar in the breathing zone. Pump
flow rates were determined before and after the sampling interval.

Dermal exposure was measured using gauze pads attached to the

hat, shoulders, chest, upper arms, forearms, thighs, and lower
legs. 1In order to estimate the effectiveness of protective cloth-
ing, duplicate sets of pads (except hat pad) were used, one located
on the outside of the clothing and the other inside of the garments.
The pads consisted of a 3-inch,square gauze pad in an aluminum
lined paper envelope. A 25 cm® circular area was exposed to the
environment. Exposure of the hands was measured by hand washes
with 10 percent isopropyl alcohol. The hands were washed 3 times
before and after exposure. The washes for each hand were pooled
prior to analysis. -

Samples were stored frozen prior to analysis. A 10 percent ali-
quot of the hand wash was mixed with an equal volume of methanol
and 5 ml of methoxyethanol. The water was evaporated under vacuum
using a rotary evaporator. The residue was then methylated with
diazomethane, reduced in volume, and brought to a final volume of
5 ml with methoxyethanol:acetonitrile (50:50). Gauze pads and
fiberglass filters were extracted twice with methanol:deionized
water (50:50), followed by evaporation and methylation. The
methylated derivatives were quantified by gas chromatography -
using a phosphorous specific flame photometric detector. The
limit of detection for the dosimeters was 0.2 ug and 2.0 ug for
hand washes. The recoveries of spiked samples are presented in
Appendix A.

The average exposures of mixer/loaders and applicators are summar-
ized in Tables 1 and 2, respectively. The equations used to obtain
these values are presented in Appendix B. Respiratory exposures
were much lower than dermal for both mixer/loaders and applicators.
Respiratory exposure was approximately 10 percent of the hourly
exposure of applicators and 1 percent of that for mixer/loaders.
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Respiratory exposures to both types of workers dropped to about 1
percent of dermal when considered on the basis of amount of active

ingredient handled. Dermal expos
required protective clathing aver
ug/1lb ai) and 5.5 x 10 ug/hr (6.
and mixer/loaders, respectively.

ure of workeri wearing the labsgl
aged 4,0 x 10° ug/hr (3.3 x 10
8 x 10° ug/lb ai) for applicators
The use of protective clothing

reduced the-dermal exposure of applicators by 99 percent and that
of mixer/loaders by 85 percent. The difference in the degree of

protection reflects the greater e
the mixer/loaders. When the unco
omitted from the calculations, th
for applicators and 92 percent fo
usually relatively high, contribu
total dermal exposure, indicating

xposure of the face and neck of
vered portions of the body are

e degrees of protection are 98

r mixer/loaders. Hand exposures,
ted only about 7 percent to the
the effectiveness of the use

impermeable gloves in reducing exposure. Mixer/loaders removed
their gloves between mixings which may account for the higher

hand exposures of these workers.
their gloves during the applicati

Applicators did not remove
on procedure.

2.2 oOutdoor Application to Ornamentals

2.2.1 Home Gardener Exposure to Carbaryl

Kurtz and Bode (4) measured the e
carbaryl. The investigation was

formulations of carbaryl and diff
assessment, values for the wettab
values for both crops treated hav

xposure of home gardeners to
extensive, comparing different
erent crop heights. For this
le powder formulation and mean
e been used.

Carbaryl was applied to corn and beans by volunteers recruited
from the neighboring community. Agway 5% carbaryl dust was

applied by dust pump and Union Ca

rbide XLR which is a liquid

formulation containing 43% carbaryl was applied by hand held
pressurized sprayer. Each formulation was applied to each crop

by 12 individuals.

Dermal exposure was measured by placing 100 cm2 gauze patches on
Tyvek coveralls or directly to exposed skin. Pads were placed on

a face mask, shoulders, back, che
ankles, and shoes. Hand exposure

st, forearms, thighs, shins,
was measured by hand rinses

with ethanol containing 0.3% sodium hydroxide. An additional
gauze pad covered by denim or blue jean material was also attached

to the calf to measure protection

provided by these materials.

Loading and emptying the dust pumps or mixing the liquid were
measured with the application. Each applicator was given 152

minutes to treat the crop. After

each work function a 25 cm

section was cut from the center of the pads and placed in glass

sample tubes for analysis.

The average quantity of active ingredient handled by the dust

applicators was 9.5 g on corn and

g

11 g on beans. The ranges were
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quite large for the dust formulations, 2.1 to 15 g on corn aand

1.2 to 34 g on beans. The large rang2s rasulted fcoa soaz iadivi-
duals baresly dusting the leaves to others inteni oa proalacing
totally white leaves. An average of 3.2 and 3.0 g ai were handled
for use of the liquid formulation on corn and beans, respectively.
Narrow ranges around the means were observed for the liquid formu-

lation.

The quantity of carbaryl detected on the patches or in the hand
rinses and the estimated exposure to the different body areas are
presented in Table 3.

2.2.2 Home Gardener Exposure to Diazinon

Applicator exposure to diazinon during application to lawns and
shrubs was measured by Davis et al. (5). Three workers applied a
253 liquid concentrate with a final acoacantration of 469-525
ug/ml. Application was made using aporoximately 5 gallons {13.9
L) of finished spray by compressed air, or 30 galloas (114 L) oy
hose-end sprayer. The average application time was 30 minutes.

Applicators wore short-sleeved shirts, long pants, and shoes;
clothing was assumed to afford 100% protection. Cellulose pads
were attached to the shoulders, upper center of the back and
chest, the outside of the forearms, and the front of the thighs
and ankles. A 25 cm“ subsample from the center of each pad was
used for analysis. Hand exposure was measured by hand rinses in

ethanol. Gauze—-faced filters, worn in modified dust respirators,
were used to measure respiratory exposure.

Respirator filters and cellulose pad samples were Soxhlet extracted
with hexane:acetone (41:59). Extracts from filtets and pads, aad
alcohol nand rinses were quantified by 3T equipped with electron
capture or flame photometric detectors. Residue values were
corrected for method recovery and for storage stability losses.
Estimated exposure to hands and total dermal exposure is shown in
Table 4. ' :

3.0 CALCULATION OF EXPOSURES
3.1 Mixer/Loader Exposure — Greenhouse Application

In order to estimate mixer/loader exposure to cyfluthrin resulting
from greenhouse application, the exposure values from the surrogate
study were adjusted by the relative amounts of material handled,
and by 70 kg workers. For a commercial greenhouse, dermal exposure
to mixer/loaders is estimated to be: '

Unprotected (patches outside worker clothing)

4.8 x 10> ug 1 0.014 1b ai

1b ail x 70 kg x day = 0.96 ug/kg/day

'\/\
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protected (assuming long-sleeved

shirt, long pants, and gloves)

2

6.8 x 107 ug 1 0.014 1Db

ai

1b ai x 70 kg x day

protected (assuming long-sleeved

= 0.14 ug/kg/day

shirt, long pants, and no gloves)

1.1 x 103 ug 1 0.014 1b

ai

1b ai x 70 kg x day

= 0.22 ug/kg/day

Respiratory exposure calculations were based on the assumgtion
that the respiratory volume of an average worker is 1.2 m~ per

hour:

0.014 1b ai
day

6.6 ug 1
1b ai x 70 kg X

1.3 x 1073 ug /kg/day

3.2 Applicator Exposure - Greenhouse Application

Dermal exposure to applicators treating a commercial greenhouse,
adjusted by the amount of cyfluthrin handled and by 70 kg workers,

is estimated to be:

Unprotected (patches outside worker clothing)

1.3 x 107 ug 1 0.014 1b

ai

1b ai x 70 kg x day

-

'= 2.6 ug/kg/day

shirt, long pants, and gloves)

protected (assuming long-sleeved

3.3 x 102ug = _ 1 0.014 1b

ai

1b ai x 70 kg X day

protected (assuming long-sleeved

2

= 6.6 x 10 © ug/kg/day

shirt, long pants, and no gloves)

5.1 % 102 ug 1 0.014 1b

ai -

1b ai x 70 kg X day

£

= 0.10 ug/kg/day

Respiratory exposure calculations were based on the assumgtion
that the respiratory volume of an average worker is 1.2 m~ per

hour:
2.7 ug 1 0.014 1b ai
1b ai x 70 kg X day

= 5.4 x 1074 ug/kg/day

(G
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3.3 Mixer/Loader/Applicator Exposure — Outdoor Ornamental Appli-
cation

In order to estimate worker exposure to cyfluthrin, the exposures
from the surrogate studies were adjusted by the relative amounts
of material handled. Worker exposure from the surrogate studies,
calculated using weighted averages (total number of replicates
was 38), is 4.2 x 10~ ug/fkg/lb ai for workers not wearing protec-—
tive gloves and 4.1 x 10° ug/kg/lb ai for workers wearing gloves.

Without gloves:

3 0.03 1b ai 9
4.2 x 10 ug/kg/lb ai x day = 1.3 x 10° ug/kg/day
With gloves:

3 0.03 1b ai 5
4.1 x 10~ ug/kg/lb ai x day = 1.2 x 10° ug/kg/day

4.0 CONCLUSIONS

Based on data from surrogate studies and on usage parameters
provided by BUD, the dermal exposure to mixer/loaders and
applicators treating greenhouse ornamentals with cyfluthrin

and wearing Egotective gloves is estimated to be 0.14 ug/kg/day
and 6.6 x 10 “ ug/kg/day, respectively. Dermal exposure to
workers not wearing gloves is estimated to be 0.22 ug/kg/day
(mixer/loaders) and 0.10 ug/kg/day (applicators). Respiratory
exposure to these workers is_gstimated to be 1.3 x 10 ~ ug/kg/day
(mixer/loaders) and 5.4 x 10 - ug/kg/day (applicators).

Dermal exposure to mixer/loader/applicators (combined tasks)
treating outdoor ornamentals with cyfluthrin and wearing pro—
tective gloves is estimated to be 1,2 x 10 ug/kg/day; dermal
exposure without gloves is 1.3 x 10 ug/kg/day. Respiratory
exposure to these workers is assumed to be negligible compared
to dermal exposure.

These exposure estimates assume. that workers are wearing long-
sleeved shirts and long pants. Hand exposure is assumed to

be reduced by 90% when protective gloves are worn. The exposure
estimates are not adjusted for dermal absorption.

LaurEe Lewils

Special Review Section
Exposure Assessment Branch
Hazard Evaluation Division (TS-769C)
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Table 1. Average Exposure of Mixer/Loaders to Fosetyl-Al during
Application of Aliette to Greenhouse Ornamentals.

Body Part SurfacezArea Unprotected Protected”
(cm™) (ug) (ug)

Face ’ 650 2.7 x 102 2.7 x 102

-Front of Néck 150 62 | 62

Back of Neck 110 3.6 3.6

Chest 3550 6.3 x 102 91

Back 3550 1.2 x 102 18

Left Upper Arm 660 2.6 x 102 22

Right Upper Arm 660 4.3 x 102 25

Left Forearm 610 3.3 x 102 1.1 x 102

Right Forearm 610 3.2 x 102 1.2 x 102

Left Thigh 1125 2.2 x 10° 5.8

Right Thigh 1125 8.5 x 102 16

Left Lower Leg 1190 82 8.3

Right Lower Lég 1190 51 4.8

Left Hand — 21 21

Right Hand — o 35 35

Total Dermal (ag)  5.7% 100 . a.1xi0l

Time (minutes) ‘ 89 : ' 89

Total Dermal (ug/hr) ' ~ 3.8x 10?”___ 5.5 x 102

Pounds of ai handled o : i 1.2 1.2

Total Dermal (ug/lb ai) 4.8 x 10° 6.8 x 10%P

Respiratory (ug) _ 7.9 7.9

Respiratory (ug/hr) | 50 50

Reséifatory (ug/1b ai) , 6.6 6.6

a
Assumes worker is wearing long sleeve shirt, long trousers, and
gloves. :

b Calculated value, assuming 90%3hand protection is afforded by
protective gloves, is 1.1 x 10° ug/lo ai.

-
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Table 2. Average Exposure of Applicators to Fosetyl-Al during
Application of Aliette to Greenhouse Ornamentals.

Body Part Surfacs Area Unprotected Protected
(cm™) (ug) (ug)

Face 650 76 76

Front of Ne;k 150 18 18

Back of Neck 110 17 17

Chest 3550 1.5 x 107 7

Back 3550 1.0 x 10° 50

Left Upper Arm 660 1.5 x 102 2.7

Right Upper Arm 660 .53 14

Left Forearm 610 1.5 102 28

RightAForearm 610 6.0 103 1.0 x 102

Left Thigh 1125 1.6 x 10° 21

Right Thigh 1125 8.5 x 102 13

Left Lower Leg 1190 1.3 x 10° 8.4

Right Lower Leg 1190 3.9 x 10° 5.9

Left Hand - 12 12

Right Hand - 12 12

ol bemmal lam) TS X1 39 %10

Time (minutes) 58 58

Total Dermal (ug/hr) 1.6 x 10 4.0 x 10°

Pounds of ai handled 1.2 1.2 7

Total Dermal (ug/lb ai) 1.3 10% 3.3 x 10°%P

Respiratory (ug) = 3.2 3.2

Respiratory (ug/hr) 28 28

Respiratory (ug/lb ai) 2.7 2.7

a Assumes worker is wearing long sleeve shirt, long trousers, and

gloves.
b

Calculated value, assumingf90%
protective gloves, is 5.1 x 10

ug/lb ai.

hand protection is afforded by

W



*1e qT/by/bn Tg ST ~mm>0am aaT30930xd Aq p8paojije

sT uotjoejoad puey g06 butunsse ‘sansodxe pukH °S9sura puey Dbuisn pesiansesu sansodxs pueH

uotaeortdde/te dT L00°0
uor3jentidde/ay gz*0

a7qe33am ® JO uor3eoltdde woxag o1® sanTea sansodxe .@mmz a1oM mmouo Uy30q 103 sanTerA UBRSONW

x ay/by/bn

o’
(1® q1/6%/6n)

= peTpuey te q1 I9d

aansodxs pa3snlpvy

q

‘uor3RTNWIOI Ispmod

24

(s@a0T1b Butunsse) Tewxsg Te3lol

LOT X €°1
on X €°1 Noa X 9°¢ (sea01b ou butunsse) Tewrsq Te3O0L
LOT X T°¢ 9'8 09 09 ST o0zs . ¥81°0  _(IVIOL) SANVH
LO0T X ¢°T 0T X €°¢ 912¢€T ZEVIY . 809TT (TY10L) s9a1
. ELLE '0TI€T 88°¢C aoys
LTO% 08€T - v6°T C3IND.
8TZ¢ 0Z8¢ Z¥8*'0 ybtyg
0T X 9°¢2 £°L AL $20T 952 0SS€ . ZTLO'0 (TYL0L) Movd
0T X ¥°§ 6T 9901 ZeTC €€S (TY1OL) LSIHD
| 86’ 0121 80°0 sw1es104
99¢ 06G€E GLO*O Is9YD
691 0162 850°0 sIspInoys
nﬂm qt1/bx3/bn us\mx\ms seale payloOTO ay/3aed aaed ANEUV (,wo/bn) 31ed
103 %0§ Apoq/bn  “Apoq/bn Vs mmm\usm Apog

o 'SUE9Q pUR UIOD JO FUSUIRSIF WOIF TAreqaeo o3 aansodxs aojeorTddy ¢ aTqel



>

-11-

Table 4. Applicator exposure to diazinon from treatment of lawns

and shrubs.

Body a b

part (ug/hr) (ug/xg/hr) (ug/kg/1b ai)
c 2

Hands 5650 80.7 1.8 x 107

Total dermal® 6250 89.3 1.9 x 102

a

b

Data provided only allows an estimate of potential dermal
exposure to unclothed areas when normal work clothing is
worn; clothed areas were assumed to afford 100% protection.

Adjusted exposure .
per 1b ai handled 80.7 ug/kg/hr x 0.5 hr/appl.
(ug/kg/lb a1) : 0.023 1b/appl.

Hand exposure was measured u51ng hand rinses. Hand exposure,
assumlng 90% hand protection is afforded by protective gloves,
is 18 ug/kg/1lb ai.

Total dermal exposure, assuming protectlve gloves are worn
is 28 ug/kg/1lb ai.
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Recovery of Fosetyl Al from Sampling Media

Sampling Medium

Percent Recovery

Gauze Pad

Fiberglass filter Method Dev.

Hand Wash

Type Spike Level (ug)
Method Dev. 0.50
5.00
50.00
. 1
Field 24.0
240.0
2
Laboratory
Storage (6 wk) 0.5
5.0
50.0
Storage (9 wk) 0.5
5.0
., 50.0
0.50
2.00
10.00
Fielal 1.0
10.0
3
Laboratory
Storage (6 wk) 1.0
" 10.0
Storage (9 wk) 1.0
‘ 10.0
Method Dev.' 10
100 o
1000
10000
Field 100
1000
. 4
Laboratory
Storage (4 wk)‘ 10
) : : 100
1000
10000

117
106
130

96
98

93

80
120
21

120
166
110

117
106
119

108
102

119

120
70

70
106

85
88
81
104

83
95

. 85

130
86
84

126

1 Average of daily spikes.

2 Spikes ranged from 0.5 to 50 ug-

3

4

Splkes ranged from 1.0 to 10 0 ug.

Splkes ranged from 10 to 1000 ug.

o
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APPENDIX B. Calculation of Worker Greenhouse Application Expo-
sures.

1) Dermal

The exposure of a particular portion of the body was calculated
by multiplying the amount found on the dermal monitors, in ug/cm®,
by the surface area of the appropriate body part. For example,
the exposure of the chest of mixer/loader number 1 was:

Exposure of chest 0.302ug
(ug) = cm x 3550 cm® = 1.1 x 10° ug

The visor of the baseball hats appeared to reduce the exposure
of the hat pad. Therefore, the mean of the exposures of the
shoulders and chest were used to estimate the exposure of the
face. The hand wash procedure sampled the entire surface

area of the hands and no adjustment for surface area was nec-
essary. The total exposure is the sum of the individual
exposures of the body parts.

The total dermal exposures were adjusted by the time spent
performing the tasks and by the amount of active ingredient
handled. The hourly dermal exposure is:

Exposure (ug/hr) = Exposure (ug) 60 min
elapsed time (min) x hr

In order to adjust the dermal exposure for the amount of active
ingredient handled, the total dermal exposure was divided by
1.2, the number of pounds of active ingredient used in each
replicate.

2) Respiratory

The calculation of respiratory exposure was based on the assump-
tion §hat the respiratory volume of an average worker is

1.2 m~ per hour. The following equation was used to calculate
respiratory exposure: :

Respiratory amount on filter (ug) 1.2 w3
Exposure (ug/hr) = volume collected (m ) x hr

1f

Respiratory exposures were also normalized by the amount of
active ingredient by dividing the amount found on the filter
by the amount of actve ingredient handled (1.2 1bs).

5
T
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APPENDIX C. Calculation of Worker Outdoor Ornamental Application
Exposures.

Carbaryl -- Workers applied 3 g (0.007 1b) of carbaryl in
15 minutes. The adjusted dermal exposure of the hands would
be:

Adjusted exposure _ 8.6 ug/kg/hr « 0:25 hr/application
per 1lb ai handled 0.007 lb/application

2

3.1 x 10° ug/kg/1b ai

]

Diazinon -- Workers using compressed air sprayers applied an
average of 547 ug/ml-of diazinon; 18.9 liters of finished

spray was applied in 30 minutes. The average amount of diazinon
applied per operation was:

547 ug _ 18.9 1 1000 ml lg 1 1b
ml X operation X liter X 107 ug X 454 g

= 0.023 l1lb/operation

Adjusting the dermal exposure of the hands by the amount of
material applied gives:

Adjusted exposure _ : 0.5 hr/application
per 1lb ai handled -  80.7 ug/kg/hr x 0.023 1b/application

Il

1.8 x 102 ug/kg/lb ai -
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