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Abstract
To determine the major factors affecting the urinary levels of 2,4-dichlorophenoxyacetic acid (2,4-
D) among county noxious weed applicators in Kansas, we used a regression technique that accounted
for multiple days of exposure. We collected 136 12-h urine samples from 31 applicators during the
course of two spraying seasons (April to August of 1994 and 1995). Using mixed-effects models,
we constructed exposure models that related urinary 2,4-D measurements to weighted self-reported
work activities from daily diaries collected over 5 to 7 days before the collection of the urine sample.
Our primary weights were based on an earlier pharmacokinetic analysis of turf applicators; however,
we examined a series of alternative weighting schemes to assess the impact of the specific weights
and the number of days before urine sample collection that were considered. The derived models
accounting for multiple days of exposure related to a single urine measurement seemed robust with
regard to the exact weights, but less to the number of days considered; albeit the determinants from
the primary model could be fitted with marginal losses of fit to the data from the other weighting
schemes that considered a different numbers of days. In the primary model, the total time of all
activities (spraying, mixing, other activities), spraying method, month of observation, application
concentration, and wet gloves were significant determinants of urinary 2,4-D concentration and
explained 16% of the between-worker variance and 23% of the within-worker variance of urinary
2,4-D levels. As a large proportion of the variance remained unexplained, further studies should be
conducted to try to systematically assess other exposure determinants.
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Introduction
Urinary measurements have been used to aid in exposure assessment of the commonly used
herbicide 2,4-dichlorophenoxyacetic acid (2,4-D) (Harris et al., 2002Harris et al., 2005;
Alexander et al., 2007). As there are few metabolic intermediates, 2,4-D is excreted largely
unmodified in the urine. It continues to be excreted in urine several days after exposure;
therefore, exposure assessment of applicators with multiple days of exposure requires the
collection of multiple urine samples (Alexander et al., 2007) or the use of models incorporating
pharmacokinetic knowledge of 2,4-D when relating determinants of exposure to single urinary
measurements (Harris et al., 2001, 2002).

We monitored exposure among 31 seasonal 2,4-D applicators employed in 1994 and 1995 by
County Noxious Weed Departments in Kansas to characterize exposure and to relate exposure
levels to various genetic and immunologic outcomes. This paper evaluates factors affecting
the urinary concentration of 2,4-D among applicators and develops procedures to estimate
urinary 2,4-D levels among applicators for application days where no biomonitoring data were
available.

Materials and methods
Study Population

Participants were 31 seasonal 2,4-D applicators, who were employees of 17 county noxious
weed offices in Kansas and who were recruited for a two-phase study examining the biological
effects of exposure to 2,4-D (Figgs et al., 2000). County noxious weed offices are charged with
controlling troublesome agricultural weeds (e.g., bindweed, wormwood, snakeweed, thistle,
knapweed, larkspur, leafy spurge, locoweed, lupine, ironweed, skeleton weed) on public and
private land. The pesticide applicators employed in these offices use only herbicides and spray
on a regular basis between April and August.

Twelve participants with no history of cancer and no occupational pesticide use before March
1, 1994, were recruited in the first phase of the study (April to July 1994), which has been
previously described (Figgs et al., 2000). Five of these participants and an additional 19
applicators were recruited into the second phase of the study (April to August 1995). In both
phases of the study, participants were monitored for 12 weeks or until 2,4-D use was
discontinued. The participants received a remuneration of $250 at the end of the study.

All participants signed informed-consent documents that were approved by the Human
Subjects Review Committees of the National Cancer Institute and the University of Kansas
Medical School.

Data Collection
All applicators completed a 40-min, in-person, enrollment questionnaire to collect health and
employment history and a 15-min post-study questionnaire to determine changes in health
status, habits, or occupational history (Figgs et al., 2000). The participants kept daily work
diaries in which they reported times spent doing 2,4-D-related job activities including mixing
and loading, unloading and cleaning, maintaining and repairing equipment, and spraying using
a backpack or a hand-held applicator from a truck with an open cab or a truck with a closed
cab. They reported whether protective masks, suits, or gloves were used during mixing and
loading or during application of 2,4-D. They also provided information on special exposure
situations where 2,4-D came into contact with skin (face, hands, chest, legs, and/or arms), wet
clothing from 2,4-D (gloves, shirt, pants, and/or hat), and whether they washed after applying
pesticides (before lunch, at the end of work, or at the end of the day). From each of the 17
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counties, we obtained information on application procedures including usual application
concentration of 2,4-D and spray pressure for each of the two study years.

Overnight( approximately 12 h) urine samples were obtained from the study participants every
other week after a typical day of 2,4-D application. A total of 140 urine samples were collected
(45 samples were collected in 1994 and 95 samples were collected in 1995).

Urine Collection and Analysis
Urine collection and analysis methods have been reported earlier (Figgs et al., 2000). Briefly,
the participants were instructed to urinate at 6:00 pm and collect all urine thereafter until
reporting for work the next day. The participants stored overnight urine collections in a single
plastic container in a refrigerator at home and transported the urine to the worksite in a cooler
filled with ice packs. The study technicians at the worksite pipetted 20 ml of urine into each
of two 25-ml glass vials. The vials were placed on dry ice and transported to the University of
Kansas Medical Center laboratory in Kansas City, Kansas. The urine was stored in vials at
−80°C and shipped on dry ice to the Centers for Disease Control and Prevention for analysis
at the end of each spraying season (i.e., 1994 and 1995).

Urinary 2,4-D analysis was conducted using standard procedures (Hill et al., 1995; Norrgran
et al., 2006). 13C6-ring-labeled 2,4-D was added as an internal standard to 2ml aliquots of urine.
This was followed by enzyme hydrolysis, solid phase extraction, and concentration to 100 μl
of the samples. Urinary 2,4-D measurements were made using high performance liquid
chromatography combined with tandem mass spectrometry with isotope dilution
quantification. The detection limit for 2ml urine samples was 0.0054 μg/l, with relative standard
deviations of <10%. No measurements were found to be below the limit of detection. Creatinine
concentration was also measured for each urine sample (average urinary concentration=1.40
g/l). Urine analyses were repeated in 2004 as an unexpected systematic difference in mean
urinary 2,4-D levels was observed between samples collected and analyzed in 1994 and
samples collected and analyzed in 1995. A very high correlation was observed between the
measurements from the original analyses (using Hill et al., 1995) and the re-analyses (using
Norrgran et al., 2006) (R2 0.88 and 0.99 for original analyses performed in the year 1994 and
1995, respectively). However, levels originally reported for the 1995 samples were about a
factor of two lower than in the re-analyses (slope estimate of linear regression analysis with
intercept set to 0 was 0.53), whereas levels from the re-analyses of the 1994 samples were close
to levels found in the original analyses (slope estimate of linear regression with intercept set
to 0 was 1.16). We, therefore, used the results from the urinary 2,4-D re-analyses for this paper,
which accounts for discrepancies with the urinary levels presented in the Figgs et al. (2000)
study.

Statistical Analysis
SAS version 8.02 (SAS Institute Inc, Cary, NC, USA) was used for all statistical analyses. On
the basis of cumulative probability plots, urinary 2,4-D concentrations were found to be log
normally distributed and were ln-transformed for all statistical analyses.

In the exposure models, we included a random subject effect to account for the repeated
observations for each participant. All other variables were included as fixed effects (PROC
MIXED in SAS). Ln-transformed creatinine concentration was included in all models to
account for variable dilutions of the urine samples (Barr et al., 2005). In these models, we
examined baseline subject characteristics including body mass index, alcohol consumption
(yes/no), current smoker (yes/no), and sex in relation to ln-transformed urinary 2,4-D
concentrations. We also examined county procedures including application concentration (qt/
acre) and spray pressure (psi). Because 2,4-D was handled over multiple days before collection
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of urine samples and is excreted in urine over several days after exposure, we weighted the
daily diary variables for the days before urine collection according to their expected percent
contribution to the measured urinary 2,4-D concentration from exposure to 2,4-D on each of
those previous days. Each variable was then summed over these days and examined in the
exposure models. For example, to derive a total time spent spraying variable considering 5
days before urine collection, with day 1 being the day of urine sample collection, the calculation
would be as follows:

where Ts is the weighted total time spent spraying, w1 to w5 are the weights assigned to 2,4-D
exposures received on days 1 to 5, and ts1 to ts5 are the times spent spraying 2,4-D on days 1
to 5.

Total time and time spent performing specific activities were analyzed as both ln-transformed
and untransformed in our models. After they were summed, the time variables (e.g., spraying,
mixing time) were ln-transformed in assuming a proportional increase in 2,4-D dose with time.
We also evaluated specific activities (e.g., spraying, cleaning/maintaining equipment) as
dichotomous variables (yes/no) in our models (See Supplementary Table S1 in Supplementary
Materials for all variables tested).

Our primary weights (weighting scheme A) to determine the daily portion of total absorbed
dose of 2,4-D excreted in urine after repeated exposure were obtained from an analysis by
Harris et al. (2001) that followed six turf applicators exposed to 2,4-D over a period of 14 days
(Table 1). We chose weights from the overall estimates presented for model 3 in Table 5 of
Harris et al. (2001); model 3 was deemed the most biologically relevantm odel (Harris et al.,
2001). Harris et al. (2001) found that by the sixth day after exposure, all absorbed 2,4-D had
been excreted in the urine and that exposures on the day of urine sample collection did not
contribute to urinary 2,4-D levels. To examine the impact of assigned weights and the number
of days considered on the determinants selected in our final exposure models, we constructed
models with uniform weights over 5 or 6 days and including or excluding the day of urine
sample collection (weighting schemes B, C, D, and E) (Table 1).

Under each weighting scheme, the exposure variables were first examined individually in
models that included ln-creatinine as a covariate. Only those variables with P-values ≤0.1 (F-
test of fixed effects) in this analysis were considered for inclusion in the final exposure models
(Supplementary Table S1). The four-spray method variables (yes/no) were considered as a
single group for which statistical significance was assessed with a likelihood ratio test (4
degrees of freedom) of the models with and without the spray method variables. Under each
weighting scheme, variables were added in a forward step-wise manner to the exposure models,
beginning with the variable having the smallest P-value in the “univariate” analysis. When
considering two or more similar variables, the variable producing the smaller Akaike’s
Information Criterion (AIC) was chosen for inclusion. Variables were removed from the model
if they lost their significance (P>0.1). In addition, the model identified using the Harris et al.
(2001) weights (the primary model), was assessed under each of the other weighting schemes
to establish whether the Harris et al. (2001) group of determinants remained significant
predictors of urinary 2,4-D concentration when using different weighting schemes.

After each model was constructed, the impact of the fixed effects on the between-worker
( ) and within-worker ( ) variance components was assessed by comparing the variance
estimates from the final models to the variance estimates from a model including a random
worker effect and ln-transformed creatinine concentration (Peretz et al., 2002). In addition,
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partial R2 statistics were calculated for each variable included in the final models to determine
what proportion of the total variance in urinary 2,4-D levels each variable explained (Edwards
et al., 2008).

Results
Of the 140 urine samples collected, 136 urinary 2,4-D measurements from the 31 participants
were used in the analysis. Excluded were one urine sample missing a collection date and three
samples lacking diary data. Over the 136 6-day periods that were considered in our analysis,
the applicators reported working with 2,4-D for a total of 336 days, resulting in an average
application frequency of once every 2 to 3 days. Table 2 presents distributions of various
demographic factors among the study participants. Ninety-four percent of the participants were
male, 13% of the participants were smokers, and 87% reported consuming alcohol. Table 3
presents descriptive statistics for various demographic and work-related factors. Over the
course of an application season (April to August), applicators reported handling pesticides on
24 to 88 days (mean=48.5 days) and specifically handling 2,4-D on 7 to 46 days (mean=24.9
days). Urinary 2,4-D concentrations ranged from 0.07 to 2857.5 μg/l; the mean and geometric
mean concentrations were 259.4 (standard deviation=431.7) and 63.4 (geometric standard
deviation=8.1) μg/l, respectively. Over the 336 days that the applicators reported handling 2,4-
D, the majority of time was spent applying 2,4-D (mean 247.9min/day). Table 4 presents the
distribution of personal protective equipment use by applicators while handling 2,4-D.
Applicators tended not to wear protective equipment during spraying except for gloves, which
were worn for 18% of the applications. During mixing, protective equipment was worn more
regularly with gloves, goggles, masks, and suits worn 46%, 11%, 19%, and 20% of the time,
respectively.

Table 5 presents the models constructed under the various weighting schemes. Models A and
B identified the same group of determinants, and spray method, month of observation, and
application concentration were significant determinants of urinary 2,4-D concentration under
all five weighting schemes; however, the point estimates for spray method varied considerably
between the models. The determinants identified by models C, D, and E were quite varied,
though total time mixing/loading was a significant predictor in all three models with similar
point estimates. For weighting schemes A and B, a model including ln-transformed total time
spraying rather than ln-transformed total time all activities had a marginally lower AIC;
however, we chose to include the latter variable because it accounts for time spent conducting
other activities such as mixing, cleaning, and repairing, which may result in exposures to
pesticides in other circumstances.

In models A, B, C, D, and E, the reductions in  were 16%, 20%, 24%, 32%, and 28%,
respectively. In models A through D, there was a 23% reduction in , and in model E, there
was a 27% reduction in . The largest proportion of variance in urinary 2,4-D concentrations
in each model was explained by the ln-transformed creatinine concentration variable (R2:
22.5% to 27.3%). Month of application also explained a significant proportion of the variance
(R2: 5.5% to 7.9%) in each model.

Table 6 presents the results of fitting models under weighting schemes B, C, D, and E using
the determinants identified in weighting scheme A (and B as they were identical). Although
the point estimates varied between the models, the series of determinants were all significant
predictors of urinary 2,4-D (P ≤ 0.1) under each weighting scheme (except for wet gloves in
model C), and the final models demonstrated similar  and .
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Discussion
In this study of 31 2,4-D applicators, we constructed pharmacokinetically based exposure
models that related urinary 2,4-D measurements to various work-related tasks assessed in
detailed daily diaries up to 7 days before urine collection. The primary model (model A)
incorporated pharmacokinetic weights based on a study by Harris et al. (2001) that found
exposures from 6 days before urine collection contributed to the measured urinary 2,4-D levels.
A model that simply related urinary 2,4-D measurements to determinants from the previous
day would have given incorrect results because applicators typically worked with 2,4-D on
multiple days before the urine sample was collected. Given the extended excretion time of 2,4-
D, a large urinary measurement, for instance, could be due to an exposure that occurred up to
5 days previously but would be incorrectly attributed to determinants from only one day
previous. A practical solution to this problem would have been to exclude any urine sample
with a 2,4-D application in the previous 6 days. In many circumstances, this would result in
exclusion of a large fraction of study participants. In our study, this would have left only 37
observations for the analysis. Moreover, because of the pharamacokinetics of 2,4-D, the
contribution of exposure from the day of application to a subsequently collected 12-h urine
sample is minimal resulting in a small biological signal.

A more appropriate set of weights for the daily determinants was not suggested by our data; a
model with separate ln-total time variables for the day of urine sample collection and 5 days
previous did not produce a better fit compared with a model that included a single ln-total time
variable constructed using the Harris et al. (2001) weights (results not shown).

As models A and B were quite similar, it seems that the specific weights assigned to each day
of exposure are not absolutely critical, although the sizes of some of the effect estimates of the
exposure predictors changed substantially between the two models. However, when the
numbers of days of exposure that are considered were altered, the specific determinants in the
models changed. The models obtained under these weighting schemes were, however, less
consistent with each other and resulted in counterintuitive results, such as lower urinary 2,4-
D levels for participants reporting wet pants or shirts. It seems that the number of days
considered under the Harris et al. (2001) model provided the most plausible exposure
determinants. Moreover, when these determinants were tested under the other weighting
schemes, most of the determinants were found to be significant and these models had only a
marginal loss of fit (as indicated by the AIC) as compared with the “optimal” models actually
derived under these weighting schemes. The differences in the obtained models are probably
a reflection of the pitfalls of using stepwise procedures instead of expert judgment in model
building. Also, because we evaluated a large number of predictors with urinary 2,4-D levels,
we expect some spurious associations due to chance. Nonetheless, these observed differences
may have relatively limited consequences when using the models for predicting exposures (i.e.,
it is the best fit to the observed data). However, for understanding exposure determinants and
for estimating the impact control measures might have, dependence of the effect estimates on
the chosen weighting schemes makes these models difficult to interpret.

Arbuckle et al. (2002) examined predictors of urinary 2,4-D levels among 126 farm applicators
in the first 24 h after the first pesticide application of the season (Arbuckle et al., 2002). The
variables pesticide formulation, protective clothing, application equipment, handling practice,
and personal hygiene practice were found to explain 39% of the variability in 2,4-D dose. The
mean and geometric mean urinary levels among 43 applicators reporting use of 2,4-D were
27.63 and 5.63 μg/l, respectively. The mean and geometric mean levels in our study were much
higher (185.9 and 56.1 μg/l, respectively). This may be due to the longer duration and more
frequent application by our participants. The strong effect of month of application may suggest
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a build-up of internal 2,4-D levels over time; however, this could be a reflection of changing
work habits with changes in the work environment (e.g., less clothing as the temperature rises).

In a study of turf applicators, Harris et al. (2002) used two 24-h urine measurements to calculate
total doses received by applicators over 6 days of application. The calculations were based on
data from the earlier pharmacokinetic study (Harris et al., 2001) and on the assumption that
the ratio of the total dose to the amount of 2,4-D used did not change within the 6-day time
period for an individual applicator. The total doses were subsequently linked to determinants
from a questionnaire completed at the conclusion of urine sampling. Harris et al. (2002) found
that volume of pesticide applied explained 20% of the variation in 2,4-D dose among 98
professional turf applicators over a 1-week period (mean and geometric mean daily dose of
2,4-D 1399 and 420 μg, respectively). Type of spray nozzle used and the use of gloves while
spraying explained an additional 43% of variation in 2,4-D dose (Harris et al., 2002).

In a study of 34 farm applicators and their families with urine samples collected 1 day before
through 3 days after an application, glove use, repairing equipment, and number of acres treated
were found to be the most significant predictors of 2,4-D concentration among applicators
(geometric mean urinary 2,4-D concentration 1, 2, and 3 days after application was 33.4, 33.3,
and 16.3 μg/g creatinine, respectively) (Alexander et al., 2007).

As with our study, earlier studies found that a proxy for “amount” of 2,4-D used was an
important determinant of exposure. In our study, ln-transformed total time handling 2,4-D and
application concentration were found to be predictors of urinary 2,4-D levels when using the
Harris et al. (2001) weights. In contrast with earlier studies, protective clothing was not found
to be an important predictor in our models.

The detailed work diaries allowed for a comprehensive examination of the impact of work
tasks, personal protective equipment, and personal hygiene practices over multiple days on
urinary 2,4-D concentration; however, the primary model explained only 16% of  and 23%
of  in urinary 2,4-D concentration. The small amount of explained variation may be in part
because we modeled 12-h urinary 2,4-D concentrations rather than doses, which the
pharmacokinetic weights were based on (Harris et al., 2001). We were unable to model dose
because data on the times and volumes of urine sample collection were unavailable.
Unobserved behavioral or environmental factors may also account for a large portion of the
unexplained variability. These factors (e.g., more detail on use of personal protective
equipment and protective practices, contamination of surfaces in the home and elsewhere,
meteorological conditions, quality of application equipment, skin permeability differences)
may be difficult to capture in questionnaires, but studies to identify them are needed.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.

Acknowledgments
This research was supported by the Intramural Research Program of the National Institutes of Health, National Cancer
Institute.

Abbreviations

2,4-D 2, 4-dichlorophenoxyacetic acid

BHATTI et al. Page 7

J Expo Sci Environ Epidemiol. Author manuscript; available in PMC 2010 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



References
Alexander BH, Mandel JS, Baker BA, Burns CJ, Bartels MJ, Acquavella JF, Gustin C. Biomonitoring

of 2,4-dichlorophenoxyacetic acid exposure and dose in farm families. Environ Health Perspect
2007;115(3):370–376. [PubMed: 17431485]

Arbuckle TE, Burnett R, Cole D, Teschke K, Dosemeci M, Bancej C, Zhang J. Predictors of herbicide
exposure in farm applicators. Int Arch Occup Environ Health 2002;75(6):406–414. [PubMed:
12070637]

Barr DB, Wilder LC, Caudill SP, Gonzalez AJ, Needham LL, Pirkle JL. Urinary creatinine concentrations
in the U.S. population: implications for urinary biologic monitoring measurements. Environ Health
Perspect 2005;113(2):192–200. [PubMed: 15687057]

Edwards LJ, Muller KE, Wolfinger RD, Qaqish BF, Schabenberger O. An R(2) statistic for fixed effects
in the linear mixed model. Stat Med 2008;27(29):6137–6157. [PubMed: 18816511]

Figgs LW, Holland NT, Rothmann N, Zahm SH, Tarone RE, Hill R, Vogt RF, Smith MT, Boysen CD,
Holmes FF, VanDyck K, Blair A. Increased lymphocyte replicative index following 2,4-
dichlorophenoxyacetic acid herbicide exposure. Cancer Causes Control 2000;11(4):373–380.
[PubMed: 10843448]

Harris SA, Corey PN, Sass-Kortsak AM, Purdham JT. The development of a new method to estimate
total daily dose of pesticides in professional turf applicators following multiple and varied exposures
in occupational settings. Int Arch Occup Environ Health 2001;74(5):345–358. [PubMed: 11516069]

Harris SA, Sass-Kortsak AM, Corey PN, Purdham JT. Development of models to predict dose of
pesticides in professional turf applicators. J Expo Anal Environ Epidemiol 2002;12(2):130–144.
[PubMed: 11965530]

Harris SA, Sass-Kortsak AM, Corey PN, Purdham JT. Pesticide exposures in professional turf applicators,
job titles, and tasks performed: implications of exposure measurement error for epidemiologic study
design and interpretation of results. Am J Ind Med 2005;48(3):205–216. [PubMed: 16094617]

Hill RH Jr, Shealy DB, Head SL, Williams CC, Bailey SL, Gregg M, Baker SE, Needham LL.
Determination of pesticide metabolites in human urine using an isotope dilution technique and tandem
mass spectrometry. J Anal Toxicol 1995;19(5):323–329. [PubMed: 7500620]

Norrgran J, Bravo R, Bishop AM, Restrepo P, Whitehead RD, Needham LL, Barr DB. Quantification of
six herbicide metabolites in human urine. J Chromatogr B Analyt Technol Biomed Life Sci 2006;830
(2):185–195.

Peretz C, Goren A, Smid T, Kromhout H. Application of mixed-effects models for exposure assessment.
Ann Occup Hyg 2002;46(1):69–77. [PubMed: 12005135]

BHATTI et al. Page 8

J Expo Sci Environ Epidemiol. Author manuscript; available in PMC 2010 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

BHATTI et al. Page 9

Ta
bl

e 
1

W
ei

gh
tin

g 
sc

he
m

es
 u

se
d 

in
 th

e 
co

ns
tru

ct
io

n 
of

 2
,4

-D
 e

xp
os

ur
e 

m
od

el
s a

m
on

g 
C

ou
nt

y 
N

ox
io

us
 W

ee
d 

A
pp

lic
at

or
s i

n 
K

an
sa

sa .

W
ei

gh
tin

g 
sc

he
m

e

A
B

C
D

E

Fr
om

 H
ar

ri
s e

t a
l. 

(2
00

1)
U

ni
fo

rm
 (d

ay
s 2

 to
 6

)
U

ni
fo

rm
 (d

ay
s 1

 to
 5

)
U

ni
fo

rm
 (d

ay
s 2

 to
 7

)
U

ni
fo

rm
 (d

ay
s 1

 to
 6

)

D
ay

 1
b

—
—

0.
20

—
0.

17

D
ay

 2
0.

24
0.

20
0.

20
0.

17
0.

17

D
ay

 3
0.

28
0.

20
0.

20
0.

17
0.

17

D
ay

 4
0.

29
0.

20
0.

20
0.

17
0.

17

D
ay

 5
0.

14
0.

20
0.

20
0.

17
0.

17

D
ay

 6
0.

05
0.

20
—

0.
17

0.
17

D
ay

 7
—

—
—

0.
17

a W
or

k 
ta

sk
 a

nd
 p

ra
ct

ic
e 

va
ria

bl
es

 a
ss

es
se

d 
on

 d
ay

s b
ef

or
e 

ur
in

e 
co

lle
ct

io
n.

b D
ay

 1
 is

 th
e 

w
or

k 
da

y 
fo

r w
hi

ch
 a

 1
2-

h 
ur

in
e 

sa
m

pl
e 

w
as

 c
ol

le
ct

ed
.

J Expo Sci Environ Epidemiol. Author manuscript; available in PMC 2010 March 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

BHATTI et al. Page 10

Table 2

Distribution of demographic factors among Kansas County Noxious Weed Applicator study participants.

Variable n (N = 31)a

Sex

 Male 29

 Female 2

Current smoker (at study entry)

 Yes 4

 No 27

Current alcohol consumption (at study entry)

 Yes 27

 No 4

First study year

 1994 12

 1995 19

a
31 study subjects.
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Table 4

Personal protective equipment used during handling of 2,4-D by Kansas County Noxious Weed Applicator study
participants.

Variable Application n (%) Mixing n (%) Other activitiesan (%)

Boots

 Yes 2 (1%) 3 (1%) 0 (0%)

 No 334 (99%) 333 (99%) 336 (100%)

Gloves

 Yes 60 (18%) 154 (46%) 1 (<1%)

 No 276 (82%) 182 (54%) 335 (100%)

Goggles

 Yes 2 (1%) 36 (11%) 0 (0%)

 No 334 (99%) 300 (89%) 336 (100%)

Mask

 Yes 12 (4%) 64 (19%) 0 (0%)

 No 324 (96%) 272 (81%) 336 (100%)

Suit

 Yes 16 (5%) 67 (20%) 13 (4%)

 No 320 (95%) 269 (80%) 323 (96%)

N=336 days reported handling 2,4-D.

a
Other activities include unloading, cleaning, repairing, and/or maintaining.

J Expo Sci Environ Epidemiol. Author manuscript; available in PMC 2010 March 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

BHATTI et al. Page 13

Ta
bl

e 
5

Fi
na

l m
od

el
s r

el
at

in
g 

ur
in

ar
y 

2,
4-

D
 c

on
ce

nt
ra

tio
n 

to
 w

or
k 

pr
ac

tic
e 

an
d 

ta
sk

 d
at

a 
fr

om
 C

ou
nt

y 
N

ox
io

us
 W

ee
d 

A
pp

lic
at

or
s i

n 
K

an
sa

s u
si

ng
 fo

ur
 d

iff
er

en
t

va
ria

bl
e 

w
ei

gh
tin

g 
sc

he
m

es
.

V
ar

ia
bl

e
B

et
a

90
%

 C
I

P-
va

lu
e

A
IC

B
et

w
ee

n-
w

or
ke

r 
va

ri
an

ce
a

W
ith

in
-w

or
ke

r 
va

ri
an

ce
a

Se
m

ip
ar

tia
l R

2

M
od

el
 A

: H
ar

ris
 e

t a
l. 

(2
00

1)

 
Ln

-c
re

at
in

in
e 

co
nc

en
tra

tio
n 

(ln
-g

/l)
1.

4
1.

1,
 1

.7
<0

.0
00

1
44

2.
0

2.
1

1.
0

22
.5

%

 
Sp

ra
yi

ng
 fr

om
 b

ac
kp

ac
k 

(w
ei

gh
te

d 
ye

s/
no

)
3.

2
0.

1,
 6

.3
0.

00
09

b
1.

4%

 
Sp

ra
yi

ng
 fr

om
 h

an
d-

he
ld

 (w
ei

gh
te

d 
ye

s/
no

)
0.

8
−0

.6
, 2

.3
—

0.
4%

 
Sp

ra
yi

ng
 fr

om
 o

pe
n 

ca
b 

tru
ck

 (w
ei

gh
te

d 
ye

s/
no

)
−1

.2
−2

.8
, 0

.3
—

0.
7%

 
Sp

ra
yi

ng
 fr

om
 c

lo
se

d 
ca

b 
tru

ck
 (w

ei
gh

te
d 

ye
s/

no
)

−2
.0

−3
.5

, −
0.

5
—

2.
5%

 
M

on
th

 
 

A
pr

il
−1

.9
−3

.2
, −

0.
5

0.
00

2c
7.

9%

 
 

M
ay

−2
.0

−3
.0

, −
0.

9
—

—

 
 

Ju
ne

−1
.2

−2
.2

, −
0.

08
—

—

 
 

Ju
ly

−0
.7

−1
.8

, 0
.3

—
—

 
 

A
ug

us
t

—
—

—
—

 
A

pp
lic

at
io

n 
co

nc
en

tra
tio

n 
(q

t/a
cr

e)
1.

4
0.

5,
 2

.3
0.

01
1.

1%

 
W

et
 g

lo
ve

s (
w

ei
gh

te
d 

ye
s/

no
)

2.
0

0.
4,

 3
.5

0.
03

2.
0%

 
Ln

-to
ta

l t
im

e 
al

l a
ct

iv
iti

es
 (w

ei
gh

te
d 

ln
-m

in
ut

es
)

0.
2

0.
1,

 0
.3

0.
00

3
4.

3%

M
od

el
 B

 
Ln

-c
re

at
in

in
e 

co
nc

en
tra

tio
n 

(ln
-g

/l)
1.

4
1.

1,
 1

.7
<0

.0
00

1
44

2.
4

2.
0

1.
0

23
.8

%

 
Sp

ra
yi

ng
 fr

om
 b

ac
kp

ac
k 

(w
ei

gh
te

d 
ye

s/
no

)
3.

3
0.

6,
 6

.0
0.

00
09

b
1.

8%

 
Sp

ra
yi

ng
 fr

om
 h

an
d-

he
ld

 (w
ei

gh
te

d 
ye

s/
no

)
1.

1
−0

.2
, 2

.4
—

0.
8%

 
Sp

ra
yi

ng
 fr

om
 o

pe
n 

ca
b 

tru
ck

 (w
ei

gh
te

d 
ye

s/
no

)
−0

.7
−2

.1
, 0

.7
—

0.
2%

 
Sp

ra
yi

ng
 fr

om
 c

lo
se

d 
ca

b 
tru

ck
 (w

ei
gh

te
d 

ye
s/

no
)

−1
.3

−2
.6

, −
0.

06
—

1.
6%

 
M

on
th

 
 

A
pr

il
−1

.9
−3

.2
, −

0.
6

0.
00

2c
7.

5%

 
 

M
ay

−2
.0

−3
.0

, −
0.

9
—

—

 
 

Ju
ne

−1
.2

−2
.2

, −
0.

1
—

—

 
 

Ju
ly

−0
.8

−1
.9

, 0
.2

—
—

 
 

A
ug

us
t

—
—

—
—

J Expo Sci Environ Epidemiol. Author manuscript; available in PMC 2010 March 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

BHATTI et al. Page 14

V
ar

ia
bl

e
B

et
a

90
%

 C
I

P-
va

lu
e

A
IC

B
et

w
ee

n-
w

or
ke

r 
va

ri
an

ce
a

W
ith

in
-w

or
ke

r 
va

ri
an

ce
a

Se
m

ip
ar

tia
l R

2

 
A

pp
lic

at
io

n 
co

nc
en

tra
tio

n 
(q

t/a
cr

e)
1.

3
0.

4,
 2

.2
0.

02
1.

0%

 
Ln

-to
ta

l t
im

e 
al

l a
ct

iv
iti

es
 (w

ei
gh

te
d 

ln
-m

in
ut

es
)

0.
2

0.
07

, 0
.3

0.
01

3.
0%

 
W

et
 g

lo
ve

s (
w

ei
gh

te
d 

ye
s/

no
)

1.
5

0.
2,

 2
.9

0.
06

1.
5%

M
od

el
 C

 
Ln

-c
re

at
in

in
e 

co
nc

en
tra

tio
n 

(ln
-g

/l)
1.

5
1.

2,
 1

.8
<0

.0
00

1
43

9.
3

1.
9

1.
0

25
.3

%

 
Sp

ra
yi

ng
 fr

om
 b

ac
kp

ac
k 

(w
ei

gh
te

d 
ye

s/
no

)
1.

8
−1

.1
, 4

.8
0.

00
2b

0.
2%

 
Sp

ra
yi

ng
 fr

om
 h

an
d-

he
ld

 (w
ei

gh
te

d 
ye

s/
no

)
2.

3
1.

0,
 3

.7
—

3.
5%

 
Sp

ra
yi

ng
 fr

om
 o

pe
n 

ca
b 

tru
ck

 (w
ei

gh
te

d 
ye

s/
no

)
0.

4
−0

.9
, 1

.7
—

0%

 
Sp

ra
yi

ng
 fr

om
 c

lo
se

d 
ca

b 
tru

ck
 (w

ei
gh

te
d 

ye
s/

no
)

0.
07

−1
.1

, 1
.2

—
0%

 
M

on
th

 
 

A
pr

il
−1

.9
−3

.2
, −

0.
6

0.
00

9c
5.

5%

 
 

M
ay

−1
.7

−2
.8

, −
0.

6
—

—

 
 

Ju
ne

−0
.9

−2
.0

, 0
.2

—
—

 
 

Ju
ly

−0
.9

−1
.9

, 0
.3

—
—

 
 

A
ug

us
t

—
—

—

 
A

rm
 sk

in
 c

on
ta

ct
 (w

ei
gh

te
d 

ye
s/

no
)

2.
2

0.
8,

 3
.6

0.
01

2.
8%

 
To

ta
l t

im
e 

m
ix

in
g/

lo
ad

in
g 

(w
ei

gh
te

d 
m

in
ut

es
)

0.
03

0.
01

, 0
.0

4
0.

01
2.

8%

 
A

pp
lic

at
io

n 
co

nc
en

tra
tio

n 
(q

t/a
cr

e)
1.

3
0.

4,
 2

.2
0.

02
1.

4%

 
W

et
 p

an
ts

 (w
ei

gh
te

d 
ye

s/
no

)
−2

.4
−4

.6
, −

0.
08

0.
09

0.
9%

M
od

el
 D

 
Ln

-c
re

at
in

in
e 

co
nc

en
tra

tio
n 

(ln
-g

/l)
1.

5
1.

2,
 1

.8
<0

.0
00

1
44

0.
7

1.
7

1.
0

23
.1

%

 
Sp

ra
yi

ng
 fr

om
 b

ac
kp

ac
k 

(w
ei

gh
te

d 
ye

s/
no

)
4.

3
1.

3,
 7

.3
0.

00
05

b
2.

5%

 
Sp

ra
yi

ng
 fr

om
 h

an
d-

he
ld

 (w
ei

gh
te

d 
ye

s/
no

)
1.

8
0.

5,
 3

.0
—

2.
1%

 
Sp

ra
yi

ng
 fr

om
 o

pe
n 

ca
b 

tru
ck

 (w
ei

gh
te

d 
ye

s/
no

)
−0

.9
−2

.4
, 0

.6
—

0.
4%

 
Sp

ra
yi

ng
 fr

om
 c

lo
se

d 
ca

b 
tru

ck
 (w

ei
gh

te
d 

ye
s/

no
)

−0
.4

−1
.6

, 0
.8

—
0.

2%

 
M

on
th

 
 

A
pr

il
−2

.1
−3

.4
, −

0.
8

0.
00

2c
7.

1%

 
 

M
ay

−1
.9

−3
.0

, −
0.

8
—

—

 
 

Ju
ne

−1
.0

−2
.1

, 0
.0

9
—

—

 
 

Ju
ly

−0
.9

−2
.0

, 0
.2

—
—

 
 

A
ug

us
t

—
—

—

J Expo Sci Environ Epidemiol. Author manuscript; available in PMC 2010 March 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

BHATTI et al. Page 15

V
ar

ia
bl

e
B

et
a

90
%

 C
I

P-
va

lu
e

A
IC

B
et

w
ee

n-
w

or
ke

r 
va

ri
an

ce
a

W
ith

in
-w

or
ke

r 
va

ri
an

ce
a

Se
m

ip
ar

tia
l R

2

 
Fa

ci
al

 sk
in

 c
on

ta
ct

 (w
ei

gh
te

d 
ye

s/
no

)
3.

3
1.

4,
 5

.2
0.

00
4

3.
4%

 
A

pp
lic

at
io

n 
co

nc
en

tra
tio

n 
(q

t/a
cr

e)
1.

2
0.

3,
 2

.0
0.

03
1.

7%

 
To

ta
l t

im
e 

m
ix

in
g/

lo
ad

in
g 

(w
ei

gh
te

d 
m

in
ut

es
)

0.
03

0.
00

7,
 0

.0
5

0.
03

1.
9%

 
W

et
 sh

irt
 (w

ei
gh

te
d 

ye
s/

no
)

−2
.4

−4
.7

, −
0.

2
0.

08
1.

3%

M
od

el
 E

 
Ln

-c
re

at
in

in
e 

co
nc

en
tra

tio
n 

(ln
-g

/l)
1.

6
1.

3,
 1

.9
<0

.0
00

1
43

7.
4

1.
8

0.
9

27
.3

%

 
To

ta
l t

im
e 

m
ix

in
g/

lo
ad

in
g 

(w
ei

gh
te

d 
m

in
ut

es
)

0.
04

0.
02

, 0
.0

5
0.

00
02

5.
3%

 
Sp

ra
yi

ng
 fr

om
 b

ac
kp

ac
k 

(w
ei

gh
te

d 
ye

s/
no

)
2.

6
−0

.0
6,

 5
.2

0.
00

01
b

0.
9%

 
Sp

ra
yi

ng
 fr

om
 h

an
d-

he
ld

 (w
ei

gh
te

d 
ye

s/
no

)
2.

3
1.

1,
 3

.5
—

4.
0%

 
Sp

ra
yi

ng
 fr

om
 o

pe
n 

ca
b 

tru
ck

 (w
ei

gh
te

d 
ye

s/
no

)
−3

.3
−5

.5
, 1

.0
—

2.
1%

 
Sp

ra
yi

ng
 fr

om
 c

lo
se

d 
ca

b 
tru

ck
 (w

ei
gh

te
d 

ye
s/

no
)

−0
.4

−1
.5

, 0
.7

—
0.

2%

 
Ln

-to
ta

l t
im

e 
op

en
 c

ab
 sp

ra
yi

ng
 (w

ei
gh

te
d 

ln
-m

in
ut

es
)

0.
3

0.
1,

 0
.5

0.
00

9
2.

7%

 
M

on
th

 
 

A
pr

il
−1

.9
−3

.2
, −

0.
7

0.
00

9c
5.

5%

 
 

M
ay

−1
.8

−2
.9

, −
0.

8
—

—

 
 

Ju
ne

−1
.1

−2
.2

, −
0.

08
—

—

 
 

Ju
ly

−1
.0

−2
.0

, 0
.0

8
—

—

 
 

A
ug

us
t

—
—

—
—

 
A

pp
lic

at
io

n 
co

nc
en

tra
tio

n 
(q

t/a
cr

e)
1.

1
0.

2,
 2

.0
0.

04
0.

8%

 
Fa

ci
al

 sk
in

 c
on

ta
ct

 (w
ei

gh
te

d 
ye

s/
no

)
1.

7
0.

3,
 3

.0
0.

05
1.

3%

a In
 m

od
el

 w
ith

 ln
-c

re
at

in
in

e 
an

d 
ra

nd
om

 su
bj

ec
t e

ff
ec

ts
, 

 a
nd

 
.

b Fo
ur

-s
pr

ay
 m

et
ho

d 
va

ria
bl

es
 a

ss
es

se
d 

as
 si

ng
le

 g
ro

up
 in

 m
od

el
s w

ith
 fo

ur
 d

eg
re

es
 o

f f
re

ed
om

 li
ke

lih
oo

d 
ra

tio
 te

st
.

c F-
te

st
 fo

r g
ro

up
 e

ff
ec

t o
f m

on
th

 v
ar

ia
bl

es
.

J Expo Sci Environ Epidemiol. Author manuscript; available in PMC 2010 March 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

BHATTI et al. Page 16

Ta
bl

e 
6

M
od

el
s u

si
ng

 H
ar

ris
 e

t a
l. 

(2
00

1)
 d

et
er

m
in

an
ts

 re
la

tin
g 

ur
in

ar
y 

2,
4-

D
 c

on
ce

nt
ra

tio
n 

to
 w

or
k 

pr
ac

tic
e 

an
d 

ta
sk

 d
at

a 
fr

om
 C

ou
nt

y 
N

ox
io

us
 W

ee
d 

A
pp

lic
at

or
s

in
 K

an
sa

s u
nd

er
 w

ei
gh

tin
g 

sc
he

m
es

 C
, D

, a
nd

 E
.

V
ar

ia
bl

e
B

et
a

90
%

 C
I

P-
va

lu
e

A
IC

B
et

w
ee

n-
w

or
ke

r 
va

ri
an

ce
a

W
ith

in
-w

or
ke

r 
va

ri
an

ce
a

Se
m

ip
ar

tia
l R

2

M
od

el
 C

 
Ln

-c
re

at
in

in
e 

co
nc

en
tra

tio
n 

(ln
-g

/l)
1.

5
1.

1,
 1

.8
<0

.0
00

1
44

5.
3

1.
9

1.
0

22
.7

%

 
Sp

ra
yi

ng
 fr

om
 b

ac
kp

ac
k 

(w
ei

gh
te

d 
ye

s/
no

)
2.

4
−0

.6
, 5

.5
0.

00
2b

0.
6%

 
Sp

ra
yi

ng
 fr

om
 h

an
d-

he
ld

 (w
ei

gh
te

d 
ye

s/
no

)
1.

9
0.

7,
 3

.2
—

2.
9%

 
Sp

ra
yi

ng
 fr

om
 o

pe
n 

ca
b 

tru
ck

 (w
ei

gh
te

d 
ye

s/
no

)
−0

.4
−1

.8
, 1

.1
—

0%

 
Sp

ra
yi

ng
 fr

om
 c

lo
se

d 
ca

b 
tru

ck
 (w

ei
gh

te
d 

ye
s/

no
)

−0
.3

−1
.6

, 1
.1

—
0%

 
M

on
th

 
 

A
pr

il
−1

.7
−3

.0
, −

0.
3

0.
02

c
4.

9%

 
 

M
ay

−1
.6

−2
.8

, −
0.

4
—

—

 
 

Ju
ne

−0
.8

−1
.9

, 0
.2

—
—

 
 

Ju
ly

−0
.7

−1
.8

, 0
.4

—
—

 
 

A
ug

us
t

—
—

—
—

 
A

pp
lic

at
io

n 
co

nc
en

tra
tio

n 
(q

t/a
cr

e)
1.

3
0.

4,
 2

.1
0.

02
1.

8%

 
W

et
 g

lo
ve

s (
w

ei
gh

te
d 

ye
s/

no
)

0.
9

−0
.3

, 2
.1

0.
2

0.
4%

 
Ln

-to
ta

l t
im

e 
al

l a
ct

iv
iti

es
 (w

ei
gh

te
d 

ln
-m

in
ut

es
)

0.
5

0.
04

, 0
.9

0.
07

1.
3%

M
od

el
 D

 
Ln

-c
re

at
in

in
e 

co
nc

en
tra

tio
n 

(ln
-g

/l)
1.

5
1.

2,
 1

.8
<0

.0
00

1
44

4.
5

2.
1

1.
0

24
.8

%

 
Sp

ra
yi

ng
 fr

om
 b

ac
kp

ac
k 

(w
ei

gh
te

d 
ye

s/
no

)
3.

8
0.

8,
 6

.9
0.

00
2b

2.
0%

 
Sp

ra
yi

ng
 fr

om
 h

an
d-

he
ld

 (w
ei

gh
te

d 
ye

s/
no

)
1.

3
−0

.0
4,

 2
.6

—
1.

1%

 
Sp

ra
yi

ng
 fr

om
 o

pe
n 

ca
b 

tru
ck

 (w
ei

gh
te

d 
ye

s/
no

)
−0

.4
−1

.8
, 1

.0
—

0.
1%

 
Sp

ra
yi

ng
 fr

om
 c

lo
se

d 
ca

b 
tru

ck
 (w

ei
gh

te
d 

ye
s/

no
)

−0
.8

−2
.1

, 0
.6

—
0.

5%

 
M

on
th

 
 

A
pr

il
−2

.0
−3

.3
, −

0.
6

0.
00

6c
6.

3%

 
 

M
ay

−1
.9

−3
.0

, −
0.

8
—

—

 
 

Ju
ne

−1
.2

−2
.3

, −
0.

1
—

—

 
 

Ju
ly

−1
.0

−2
.0

, 0
.1

—
—

 
 

A
ug

us
t

—
—

—
—

J Expo Sci Environ Epidemiol. Author manuscript; available in PMC 2010 March 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

BHATTI et al. Page 17

V
ar

ia
bl

e
B

et
a

90
%

 C
I

P-
va

lu
e

A
IC

B
et

w
ee

n-
w

or
ke

r 
va

ri
an

ce
a

W
ith

in
-w

or
ke

r 
va

ri
an

ce
a

Se
m

ip
ar

tia
l R

2

 
A

pp
lic

at
io

n 
co

nc
en

tra
tio

n 
(q

t/a
cr

e)
1.

3
0.

4,
 2

.2
0.

02
1.

2%

 
W

et
 g

lo
ve

s (
w

ei
gh

te
d 

ye
s/

no
)

1.
6

0.
3,

 2
.9

0.
05

1.
4%

 
Ln

-to
ta

l t
im

e 
al

l a
ct

iv
iti

es
 (w

ei
gh

te
d 

ln
-m

in
ut

es
)

0.
1

0.
01

, 0
.3

0.
08

1.
4%

M
od

el
 E

 
Ln

-c
re

at
in

in
e 

co
nc

en
tra

tio
n 

(ln
-g

/l)
1.

5
1.

2,
 1

.8
<0

.0
00

1
44

1.
2

1.
9

1.
0

24
.3

%

 
Sp

ra
yi

ng
 fr

om
 b

ac
kp

ac
k 

(w
ei

gh
te

d 
ye

s/
no

)
2.

8
0.

1,
 5

.6
0.

00
2b

1.
3%

 
Sp

ra
yi

ng
 fr

om
 h

an
d-

he
ld

 (w
ei

gh
te

d 
ye

s/
no

)
1.

5
0.

2,
 2

.8
—

1.
7%

 
Sp

ra
yi

ng
 fr

om
 o

pe
n 

ca
b 

tru
ck

 (w
ei

gh
te

d 
ye

s/
no

)
−0

.6
−2

.0
, 0

.8
—

0.
1%

 
Sp

ra
yi

ng
 fr

om
 c

lo
se

d 
ca

b 
tru

ck
 (w

ei
gh

te
d 

ye
s/

no
)

−0
.8

−2
.0

, 0
.5

—
0.

4%

 
M

on
th

 
 

A
pr

il
−1

.8
−3

.1
, −

0.
4

0.
01

c
5.

1%

 
 

M
ay

−1
.8

−2
.9

, −
0.

7
—

—

 
 

Ju
ne

−1
.0

−2
.1

, 0
.0

7
—

—

 
 

Ju
ly

−0
.8

−1
.9

, 0
.2

—
—

 
 

A
ug

us
t

—
—

—
—

 
A

pp
lic

at
io

n 
co

nc
en

tra
tio

n 
(q

t/a
cr

e)
1.

3
0.

4,
 2

.2
0.

02
1.

8%

 
W

et
 g

lo
ve

s (
w

ei
gh

te
d 

ye
s/

no
)

1.
2

−0
.0

3,
 2

.4
0.

1
0.

8%

 
Ln

-to
ta

l t
im

e 
al

l a
ct

iv
iti

es
 (w

ei
gh

te
d 

ln
-m

in
ut

es
)

0.
6

0.
2,

 1
.0

0.
01

2.
5%

a In
 m

od
el

 w
ith

 ln
-c

re
at

in
in

e 
an

d 
ra

nd
om

 su
bj

ec
t e

ff
ec

ts
, 

 a
nd

 
.

b Fo
ur

-s
pr

ay
 m

et
ho

d 
va

ria
bl

es
 a

ss
es

se
d 

as
 si

ng
le

 g
ro

up
 in

 m
od

el
s w

ith
 fo

ur
 d

eg
re

es
 o

f f
re

ed
om

 li
ke

lih
oo

d 
ra

tio
 te

st
.

c F-
te

st
 fo

r g
ro

up
 e

ff
ec

t o
f m

on
th

 v
ar

ia
bl

es
.

J Expo Sci Environ Epidemiol. Author manuscript; available in PMC 2010 March 1.


