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The establ ishment of a ra t iona l  harvester reentry time in to  a 
pes t i c ide - t rea ted  f i e l d  requires est imat ion of the t r ans fe r  
c o e f f i c i e n t  (cm /h r )  between f o l i a r  residue leve ls  (ug /cm)  and 
the accumlation rate on the body of the harvester  (~g /h r ) .  Our 
labora tory  undertook an experiment in 1982 (Nigg et a l .  1984) 
i nves t i ga t i ng  the t rans fe r  of ch lo robenz i la te  lea f  residues to 
the body of F lo r ida  c i t r u s  harvesters in an e f f o r t  to determine 
whether t h i s  c o e f f i c i e n t  might be reg iona l l y  i n v a r i a n t ,  given the 
same compound and same crop. Dermal exposure was not estimated 
s p e c i f i c a l l y  in t h i s  study because some exposure pads were placed 
outside regular  work c lo th ing  and some ins ide .  The t r ans fe r  
c o e f f i c i e n t  to the outside of c lo th ing  was in agreement wi th tha t  
obtained in previous studies on the same crop in Ca l i f o rn i a  
(Popendorf and Lef f ingwel l  1982), suggesting tha t  regional 
d i f fe rences may not g rea t l y  a f fec t  the magnitude of the t rans fe r  
c o e f f i c i e n t .  

The present study was undertaken for  these purposes: (1) to 
confirm t h i s  previous r e s u l t ,  (2) to determine whether so i l  
residues also co r re la te  wi th body exposure, and (3) to obtain a 
t rans fe r  c o e f f i c i e n t  between f i e l d  surface residues and residues 
penetrat ing normal work c l o t h i n g ,  so that  a be t te r  est imate of  
dermal exposure could be made from f i e l d  cond i t i ons .  

MATERIALS AND METHODS 

Chlorobenzi la te (ethyl  4 , 4 ' - d i c h l o r o b e n z i l a t e  CAS No 510-15-6) 
was p ro fess iona l l y  appl ied wi th  ' a i r b l a s t '  equipment to a mature 
block of 'Valencia '  orange t rees dur ing Apr i l  16-18, 1983, The 
rate was 2 Ib AI in  250 gal of water per acre. Another 
professional  crew cons is t ing  of one foreman and I0 workers began 
harvest ing the grove on Apr i l  25, 1983. Harvesters wore 
long-sleeved cotton s h i r t s  and cot ton workpants. Exposure pads 
were pinned ins ide  the s h i r t  on the back, chest ,  both shoulders,  
both upperarms, and both forearms; they were also pinned ins ide  
the pants on both shins.  Pads consisted of 4 x 4 i n .  g lass ine 
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weighing paper backing, a 4 x 4 in .  alpha-cellulose center, and a 
16-ply 4 x 4 in .  surgical gauze sponge outer dust col lect ion 
medium. The alpha-cellulose center and the surgical gauze 
required a cleanup procedure pr ior  to use in order to remove 
compounds which otherwise would have interfered with 
chlorobenzilate during gas chromatography (Nigg and Stamper 
1983). Hand exposures were determined with 95% ethanol rinses. 
Untimed urine samples were collected at noon each sampling day. 
One repl icat ion of sampled leaves and f r u i t  consisted of 40 
one-inch-diameter leaf punches and I0 f r u i t ,  respectively. Soil 
samples were taken midway between trees by vacuuming surface soil 
upward through a 40-mesh screen. These sampling methods have 
been described in detail (lwata et al .  1977, Gunther et al .  
1977). Eight leaf sample repl icates, four f r u i t  repl icates, and 
eight soil replicates were taken randomly within the harvesting 
area each sampling day. All samples were immediately placed in 
an ice chest and transported to the laboratory. Leaf samples 
were extracted immediately and the extracts stored at -20~ All 
other samples were stored for 7-10 days at -20~ prior to 
analyses. 

Chlorobenzilate was dislodged from leaf and f r u i t  surfaces with a 
mild soap solut ion, extracted, and analyzed by gas 
chromatography. Chlorobenzilate was removed from the soil by 
sonication with methanol. The urinary metabolite of 
chlorobenzilate, 4,4 'd ichlorobenzi l ic  acid, was oxidized to 
dichlorobenzophenone for gas chromatographic analysis and the 
chlorobenzilate equivalent calculated. Details for these 
procedures appear elsewhere (Nigg and Stamper 1983). 

Analytical standards of chlorobenzilate (99.6% pure), 4,4' 
dichlorobenzi l ic acid(75%), and 4,4'-dichlorobenzophenone (92%) 
were supplied by Ciba-Geigy Corp., Greensboro, NC 27409. 

RESULTS AND DISCUSSION 

Recovery from six gauze pads f o r t i f i e d  with 10 ~g of 
chlorobenzilate was 97 + 3%, and from 18 urines f o r t i f i e d  at i00 
ppb was 58 + 4% (two outlying results of 1% and 7% could not be 
accounted ~ r ) .  Recovery analyses were not conducted on leaves, 
f r u i t ,  or soil as previously developed procedures were followed 
(Nigg et al.  1984). 

Sampling data are presented in Table 1. Daily mean values are 
reported, together with the standard error of the mean and number 
of repl icat ions. Individual part ic ipat ing subjects consti tute 
the dai ly replicates for exposure pads, handwash rinses, total 
body exposure estimates, urinary metabolite level, and number of 
boxes picked. Total body exposure was estimated from individual 
pads after the method of Wojeck et al .  (1982). 

The foreman was not included in these mean values as his work 
ac t i v i t y  dif fered markedly from the other subjects. He received 
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38 + 16% of the mean handwash exposure of the other combined 
subjects, 47 + 5% of the mean total body exposure, but only 11 + 
4% of the mean-urinary metabolite level of the other subjects. -- 
That a 53% reduction in mean body exposure should result in an 
89% reduction in mean urinary concentration may seem surprising. 
However, a s t r i c t  comparison of such long term means is probably 
not jus t i f ied  because of the complicated kinetics of urinary 
excretion (Goldstein et al .  1969). 

Linear correlation coeff icients, calculated between a number of 
variables paired on a daily basis, appear in Table 2, followed in 
parentheses by the number of pairs. The significance level of 
the correlation is also given, as well as selected regression 
l ine slopes and intercepts. The major relationships sought in 
this experiment were between worker body exposure and fo l ia r ,  
f r u i t ,  or soil residues; urinary concentration and worker body 
exposure; and urinary concentration and fo l ia r ,  f r u i t ,  or soil 
residues. 

The only l inear relationships from the f i r s t  group clearly 
validated by the data analysis were between soil surface residues 
and both total body and hand exposures. These relationships were 
established at a 99% significance level with correspondingly low 
standard errors in regression l ine slopes. We are not proposing, 
however, on the basis of this single experiment, that soil 
residue levels are a better predictive index of worker exposure 
than fo l ia r  residues. The poss ib i l i ty  is interesting, but no 
published studies on soil residues versus worker exposure are 
available for comparison. More than the correlation coeff ic ient,  
i t  is a well-defined regression l ine slope which is c r i t i ca l  to 
any predictive model. Two recent models for the prediction of 
total body exposure from fo l ia r  residues for tree crop harvesters 
are in rather good agreement (Nigg et al.  1984; Popendorf and 
Leffingwell 1982). In the present study, no rel iable l inear 
relationship was established between fo l ia r  residues2and 
exposure. A regression l ine slope of 2061 +22948 cm /hr did, 
however, result.  A slope of 10652 + 2392 c~ /h r  was obtained for 
the same compound one year ear l ier  TNigg et al .  1984). The two 
slopes (transfer coeff icients),  however, cannot be di rect ly  
compared because they reflect di f ferent experimental designs. In 
our earl ier study, the exposure to the lower body was estimated 
from pads placed outside the workpants on both thighs and shins. 
In the present study, shin pads were placed inside the workpants 
while inside thigh pads were categorically refused by our 
subjects. In order to compare the two coefficients, i t  is 
necessary to estimate what total body exposures would have been 
in our ear l ier study had thigh pads not been worn and had shin 
pads been placed inside the workpants. Fortunately, th is can be 
done. The protective value of disposable coveralls was 96% in a 
study (Nigg and Stamper 1983) on chlorobenzilate; a more recent 
study by the authors on dicofol gives a protective value of 91% 
for a cotton workshirt and 97% for the same disposable coveralls. 
I t  would seem reasonable to re-estimate lower body exposure from 

695 



T
ab

le
 

Io
 

M
ea

n 
+ 

S
.E

.M
. 

(N
o.

 
re

p
li

c
a

ti
o

n
s

) 
d

a
il

y
 

ch
lo

ro
b

e
n

zi
la

te
 

re
si

d
u

e
s 

on
 

le
a

f,
 

fr
u

it
, 

an
d 

so
il

 
su

rf
a

ce
s;

 
fl

u
xe

s 
on

to
 

h
a

rv
e

st
e

r 
ex

po
su

re
 

pa
ds

; 
ha

nd
s 

an
d 

e
st

im
a

te
d

 
to

ta
l 

bo
dy

 
ac

cu
m

ul
at

io
n 

ra
te

s;
 

u
ri

n
a

ry
 

m
e

ta
b

o
li

te
 

le
ve

l;
 

bo
xe

s 
o

f 
fr

u
it

 
pi

ck
ed

 

D
at

e 
(1

98
3)

 
4/

25
 

4/
26

 
4/

27
 

4/
28

 
4/

29
 

L
e

a
f 

(u
g/

cm
2~

 
.3

99
 +

 .
0

3
0

 (
8)

 
F

ru
it

 
(~

g/
cm

 ~)
 

.2
02

 T
 

.0
3
6
 (

4)
 

S
o
il 

(p
pm

) 
no

 s
am

pl
e 

ta
ke

n
 

F
lu

x 
(u

g/
cm

2h
r)

 o
n 

va
ri

o
u

s 
pa

ds
 

B
ac

k 
C

he
st

 
S

ho
ul

de
r 

U
pp

er
ar

m
 

Fo
re

ar
m

 
S

hi
n 

A
cc

um
ul

at
io

n 
ra

te
 

(u
g

/h
r)

 
H

an
ds

 
E

st
im

at
ed

 
to

ta
l 

bo
dy

 

U
ri
n
e
 (

pp
b)

 
2.

6 
+ 

0.
5 

(9
) 

.4
37

 
+ 

.0
40

 
(8

) 
.5

45
 

+ 
.0

19
 

(8
) 

.1
39

 T
 

.0
13

 
(4

) 
.2

44
 T

 
.0

16
 

(4
) 

0.
83

 T
 

0.
16

 
(8

) 
10

.8
6 

T 
0.

93
 

(8
) 

.0
12

 +
 .

0
0

2
 (

8)
 

.0
13

 T
 

.0
0
2
 (

6)
 

.0
24

 u
 

.0
1
5
 (

8)
 

.0
17

 u
 

.0
0
1
 (

7)
 

.0
39

 T
 

.0
06

 
(7

) 
.0

1
1

T
 .

00
7 

(6
) 

.0
53

 
+ 

.0
11

 
(9

) 
.1

04
 u

 
.0

15
 

(9
) 

.0
50

 T
 

.o
o7

 (
9)

 
.1

98
 u

 
.0

26
 

(9
) 

.4
48

 T
 

.0
75

 
(8

) 
.0

56
 u

 
.0

11
 

(9
) 

.7
48

 +
 

.0
47

 
(8

) 
.2

18
 T

 
.0

23
 

(4
) 

7.
90

 T
 

0.
67

 
(8

) 

.5
82

 +
 

.0
43

 
(7

) 
.1

95
 T

 
.0

31
 

(4
) 

6.
85

 T
 

0.
39

 
(8

) 

.0
26

 
+ 

.0
05

 
(I

0
) 

.0
59

 T
 

.0
16

 
(1

0)
 

.o
39

 T
 

.o
o

9
 (

10
) 

.0
92

 u
 

.0
11

 
(1

0)
 

.1
99

 T
 

.0
40

 
(I

0
) 

.0
32

 u
 

.0
0

4
 (

i0
) 

.0
47

 
+ 

.0
08

 
(9

) 
.0

54
 T

 
.0

13
 

(9
) 

.0
53

 T
 

.0
18

 
(8

) 
.1

1
1

T
 

.0
1

7
 (

9)
 

.2
07

 T
 

.0
19

 
(9

) 
.0

2
1

T
 

.0
04

 
(9

) 

30
 +

 1
2 

(8
) 

11
3 

+ 
58

 
(9

) 
10

7 
+ 

72
 

(i
0

) 
10

5 
+ 

46
 

(9
) 

27
7 

T 
51

 
(7

) 
20

85
 u

 
15

1 
(9

) 
10

77
 u

 
16

0 
(i

0
) 

1
1

0
2

 ~ 
14

1 
(9

) 

5.
9 

+ 
1.

2 
(8

) 
13

.9
 

+ 
3.

0 
(9

) 
57

.7
 

+ 
12

.0
 

(i
0

) 
10

0.
7 

+ 
27

.9
 

(9
) 

B
ox

es
 p

ic
ke

d 
69

 +
 4

 
(9

) 
79

 +
 7

 
(8

) 
53

 +
 2

 
(8

) 
88

 +
 6

 
(1

0)
 

49
 +

 4
 

(9
) 



T
ab

le
 

1.
 

M
ea

n 
+ 

S
.E

.M
. 

(N
o.

 
re

p
li

ca
ti

o
n

s)
 

d
a

il
y 

ch
lo

ro
b

e
n

zi
la

te
 

re
si

du
es

 
on

 
le

a
f,

 
fr

u
it

, 
an

d 
so

il 
su

rf
ac

es
; 

fl
ux

es
 

on
to

 
ha

rv
es

te
r 

ex
po

su
re

 
pa

ds
; 

ha
nd

s 
an

d 
es

tim
at

ed
 

to
ta

l 
bo

dy
 a

cc
um

ul
at

io
n 

ra
te

s;
 

u
ri

n
a

ry
 

m
et

ab
ol

it
e 

le
ve

l;
 

bo
xe

s 
of

 
fr

u
it

 
pi

ck
ed

 
(c

o
n

t'
d

) 

D
at

e 
(1

98
3)

 
5/

2 
5/

3 
5/

4 
5/

5 
5/

6 

Le
af

 
(p

gl
cm

2~
 

.5
16

 +
 

.0
23

 
(8

) 
F

ru
it

 
(p

g/
cm

 ~
) 

.1
95

 T
 

.0
65

 
(3

) 
S

oi
l 

(p
pm

) 
4.

10
 ~

0
.4

9
 

(8
) 

F
lu

x 
(~

g/
cm

2h
r)

 
on

 v
ar

io
us

 
pa

ds
 

Ba
ck

 
.0

27
 

+ 
.0

04
 

(1
0)

 
C

he
st

 
,0

40
 +

 
,0

07
 

(i
0

) 
S

ho
ul

de
r 

.0
3

1
T

 
.0

07
 

(1
0)

 
U

pp
er

ar
m

 
.0

63
 u

 
,0

10
 

(i
0

) 
Fo

re
ar

m
 

.1
00

 T
 

.0
16

 
(i

0
) 

S
hi

n 
.0

15
 T

 
.0

03
 

(1
0)

 

A
cc

um
ul

at
io

n 
ra

te
 

(~
g/

hr
) 

H
an

ds
 

48
 +

 1
5 

(1
0)

 
E

st
im

at
ed

 
to

~a
l 

bo
dy

 
63

3 
~ 

90
 

(i
0)

 

U
ri

ne
 

(p
pb

) 
14

.4
 ~

4
.5

 
(1

0)
 

B
ox

es
 p

ic
ke

d 
84

 ~
 6

 (
I0

) 

.5
54

 +
 

.0
23

 
(8

) 
.3

12
 u

 
.0

52
 

(4
) 

3.
05

 T
 0

.4
3 

(8
) 

m
 

.0
27

 
+ 

.0
06

 
(9

) 
.0

32
 T

 
,0

09
 

(8
) 

.0
27

 T
 

.0
07

 
(9

) 
.o

42
 u

 
.0

12
 

(9
) 

.0
90

 T
 

.0
14

 
(9

) 
.0

1
1

T
 

.0
01

 
(9

) 

31
 +

 I
0 

(9
) 

53
5 

+ 
93

 
(9

) 

56
.4

 
+ 

17
.8

 
(9

) 

69
 +

 5
 

(9
) 

.1
95

 +
 

.0
27

 
(8

) 
.0

82
 u

 
.0

10
 

(4
) 

0.
69

 ~
 0

.1
3 

(8
) 

62
.5

 
+ 

11
.6

 
(I

0
) 

.4
83

 +
 

.0
41

 
(8

) 
.1

78
 u

 
.0

40
 

(4
) 

0.
48

 T
 0

.1
2 

(8
) 

.7
66

 +
 

.0
90

 
(8

) 
.0

62
 u

 
.0

15
 

(4
) 

o.
54

 T
 

O
.lO

 
(8

) 

30
.8

 
+ 

7.
4 

(1
0)

 
32

.9
 

+ 
7.

3 
(9

) 

50
 ~

5
 

(I
0

) 
95

 ~
 

I0
 

(i
0

) 
67

 ~
5

 
(5

) 



T
a

b
le

 
2

. 
li

n
e

s,
 

Y
 o

n 
X

, 
be

tw
ee

n 
va

ri
ou

s 
h

a
rv

e
st

e
r 

an
d 

fi
e

ld
 

va
ri

a
b

le
s.

 
C

or
r.

 
S

ig
. 

R
eg

. 
li

n
e

 
X

 
co

e
ff

, 
le

ve
l 

(%
) 

sl
op

e 

X
la

 
+.

33
 

(6
) b

 
44

 
+2

06
1 

+ 
29

48
 c 

c~
2/

hr
 

X
 2 

+.
26

 
(6

) 
35

 
+2

82
4 

u 
37

79
 

cm
 /

h
r 

X
 3 

+.
96

 
(6

) 
99

 
+1

70
 ~

 
25

 ~
g/

pp
m

-h
r 

C
o

rr
e

la
ti

o
n

 
co

e
ff

ic
ie

n
ts

 
, 

co
rr

e
la

ti
o

n
 

si
g

n
if

ic
a

n
ce

 
le

ve
ls

, 
an

d 
re

gr
es

si
on

 

Y
 

M
ea

n 
d

a
il

y 
to

ta
l 

bo
dy

 
ex

po
su

re
 

(~
g/

hr
) 

II
 

II
 

M
ea

n 
d

a
il

y 
ha

nd
w

as
h 

ex
po

su
re

 
(u

g
/h

r)
 

II
 

II
 

M
ea

n 
d

a
il

y 
u

ri
n

e
 

co
nc

. 
(p

pb
) 

X
 I 

+.
14

 
(I

0
) 

29
 

" 
X

 2 
+.

05
 

(1
0)

 
11

 
" 

X
 3 

+.
15

 
(9

) 
29

 
" 

X
 4 

+.
05

 
(6

) 
7 

" 
X

 5 
+.

40
 

(6
) 

54
 

M
ea

n 
d

a
il

y 
ur

in
e 

co
n

c.
, 

ne
xt

 
da

y 
(p

pb
) 

X
 1 

+.
77

 
(8

) 
98

 
" 

X
 2 

+.
49

 
(8

) 
77

 
" 

X
 3
 

+
.7

0
 

(7
) 

92
 

" 
X

 4
 

+
.3

8
 

(5
) 

43
 

" 
X

 5
 

+
.6

3
 

(5
) 

71
 

D
a

il
y

 
to

ta
l 

b
o

d
y 

R
e

g
. 

li
n

e
 

in
te

rc
e

p
t 

-2
1
0
 

+
 1

6
8
6
 c 

~
g

/h
r 

+
33

8 
+

 8
43

 ~
g/

hr
 

+
3 

+
 

16
1 

~
g

/h
r 

+1
51

 +
 

51
 

pp
b-

cm
~/

ug
 

-2
8 

+ 
26

 
pp

b 
+2

20
 T

 
16

0 
pp

b-
cm

L/
~9

 
+2

 u
 

33
 p

pb
 

+4
.9

 T
 

2.
3 

pp
b/

pp
m

 
+

3
1

T
 

12
 p

pb
 

+.
01

7 
T 

.0
23

 
pp

b-
hr

/~
g 

+4
3 

T 
23

 p
pb

 
m

 

ex
po

su
re

 
(u

g
/h

r)
 

X
 6 

-.
3

0
 

(5
3)

 
97

 

aX
l:

 
~e

an
 d

a
il

y 
le

a
f 

re
si

du
e 

co
nc

. 
(~

9/
cm

2)
; 

X
~:

 
M

ea
n 

d
a

il
y 

fr
u

it
 

re
si

du
e 

co
nc

. 
(~

g/
cm

~)
; 

X
~:

 
M

ea
n 

d
a

il
y 

so
il 

re
si

du
e 

co
nc

. 
(p

~m
);

 
X

4:
 

M
ea

n 
d

a
il

y 
to

ta
l 

bo
dy

 
ex

po
su

re
 

�9
 

J 
es

ti
m

at
e 

(~
g

/h
r)

; 
X

5:
 

M
ea

n 
d

a
il

y 
ha

nd
 e

xp
os

ur
e 

(~
g

/h
r)

; 
X

6:
 

D
a

ily
 

bo
xe

s 
pi

ck
ed

 

bN
um

be
r 

of
 

da
ta

 
p

a
ir

s 

C
st

an
da

rd
 

e
rr

o
r 

X
 I 

+.
64

 
(6

) 
81

 
X

 2 
+.

03
 

(6
) 

4 
X

 3 
+.

93
 

(6
) 

99
 

+1
0 

+ 
2 

~g
/p

pm
-h

r 
+1

5 
+ 

15
4 

ug
/h

r 



IOO 

J: 8 0  
=: 

oZ 60  ~ t  

"' 4 0  
lIE 

2 0  

0 5 6 9 I0 I I  
DAY 

Figure 1. Mean da i l y  u r ina ry  c h l o r o b e n z i l a t e  c o n c e n t r a t i o n ,  a l l  
h a r v e s t e r s  vs .  t ime .  Day 0 = 25 April 1983; c i r c l e  surrounding 
day denotes a harvester exposure day. 

our e a r l i e r  (Nigg et e l .  1984) data, for  purposes of comparison 
with the present data, by using shin pad contamination only,  but 
reduced by 91%. The resu l t ing  re-est imat ion of to ta l  body 
exposure, ins ide c lo th ing ,  f~r our e a r l i e r  study then y ie lds  a 
coe f f i c ien t  of 284~ + 427 cm /hr  which compares favorably wi th 
the 2061 + 2948 cm /~r  obtained here, even though the l a t t e r  
value lacks prec is ion.  

A hindrance toward obtaining val id cor re la t ions  in t h i s  study 
arose par t l y  from an unavoidable circumstance encountered in the 
f i e l d .  Spraying was carr ied out over several days. Harvesters 
were usual ly sent to work in areas of the grove which had been 
sprayed about the same number of days prev iously .  As a resu l t ,  
the usual decl ine in f i e ld  surface residues with time one 
normally observes does not ex is t  in Table I .  In fac t ,  residues 
in the f i e l d  were often at about the same level when worker body 
exposure was being monitored. I f  the X-values ( f i e l d  residues) 
do not d i s t r i bu te  themselves at much wider in te rva ls  than t h e i r  
standard er ror  (here, about 13%), s i gn i f i can t  cor re la t ions  with 
any other var iable cannot be expected. 

Urinary concentrat ions corre lated well with f i e l d  residues 
sampled the previous day, less well with body exposure from the 
previous day, and not at a l l  with f i e l d  residues or body 
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exposures on the same day. This suggests that the process of 
dermal absorption and ur inary excret ion of chlorobenzi late 
extends over several hours in humans. Figure I ,  a p lot  of mean 
da i ly  ur inary concentration over a l l  harvesters versus t ime, 
shows r ises in ur inary concentration with pers istent  exposure, 
followed by declines with approximately a 2-day h a l f - l i f e  during 
unexposed periods. 

A two-factor analysis of variance was carr ied out on the 
estimated tota l  body exposure of the i0 harvesters (one factor)  
and the 6 exposure days (other fac to r ) .  A s ign i f i can t  var ia t ion  
among harvesters resulted. This va r ia t i on ,  while not extreme, 
was s t i l l  va l id  at about the 95% confidence level and i s ,  of 
course, unaccounted for by di f ferences in f i e l d  residues. 
Variat ions in body exposure rates among workers nominally 
performing the same tasks are not uncommon and are usually 
a t t r ibu ted  to dif ferences in work practices among workers. Work 
practices are d i f f i c u l t  to quant i fy  and monitor. Work 
p roduc t i v i t y  is easier to quant i fy  (boxes picked per day) but 
d i f f i c u l t  to monitor because the record keeping, performed by the 
foreman, is in pract ice often rather creat ive.  For example, a 
worker's tota l  for the day may be in f la ted  by the foreman at the 
expense of a second worker in f inancia l  debt to the f i r s t  in 
order to assure payment of the debt. This may explain why no 
corre lat ion was obtained between da i ly  boxes picked and total  
body exposure in the present study since foremen rout ine ly  
corroborate altered p roduc t i v i t y  data. Our previous study with 
workers under the supervision of a more l i t e r a l  forewoman showed 
a pos i t i ve  corre lat ion with 90% s ign i f icance.  
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