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BIFENTHRIN, CLOTHIANIDIN, AND FLUBENDIAMIDE RESIDUES IN
FLUE-CURED TOBACCO

M.C. Vann1*, L.R. Fisher1, and A.M. Stewart2

As part of an ongoing program at North Carolina State

University, research was conducted from 2010 to 2012 to

establish the maximum expected pesticide residue on cured

tobacco leaf that would result from a maximum labeled

application rate and minimum preharvest interval of a specific

pesticide. Residues of three insecticides (bifenthrin, clothia-

nidin, and flubendiamide) were measured on flue-cured

tobacco over 6 environments in North Carolina during the

research cycle. Treatments were applied to flue-cured

tobacco grown on research stations near Rocky Mount, NC

and Kinston, NC. Tobacco was managed according to North

Carolina Cooperative Extension Service recommendations

and harvested four times by stalk position. Pesticide residues

on cured leaf were determined by Global Laboratory

Services, Inc. in Wilson, NC. Data were analyzed and

reported by individual year, location, pesticide, and stalk

position; with stalk positions one and two represented in the

‘‘lower’’ stalk position, stalk position three represented in the

‘‘middle’’ stalk position, and stalk position four represented in

the ‘‘upper’’ stalk position. General observation shows that

bifenthrin and clothianidin had very low residues that

decrease from the lower stalk position to the middle and

upper stalk positions. Many results for these two pesticides

were below detectible limits. Alternatively, the results for

flubendiamide are relatively high when compared to the other

compounds. Across all stalk positions and all locations; the

highest mean residues observed for bifenthrin, clothianidin,

and flubendiamide were 3.745, 1.014, and 25.835 mg/kg,

respectively. For those pesticides (bifenthrin only) that have

established residue guidelines or tolerances set by either

CORESTA or the U.S. Department of Agriculture, the

threshold was exceeded in at least one observation at each

location in each year. The objective of this work was to

determine what a maximum residue might be, not what a

residue is expected to consistently be in a given environment.

Additional key words: application rate, crop protection

agent (CPA), good agricultural practices (GAP), Nicotiana
tabacum, pesticide residue, preharvest interval

INTRODUCTION

Pesticide residues on cured tobacco leaves have long
been documented by both industry and governmental
officials alike (4,6–9,11,13). Despite this information,
serious efforts to establish tolerances for pesticides used
in tobacco production were not carried out, and until
1970, at least in the United States, this issue was only
referenced in two published reports (4,11). Internation-
ally, legislation regarding pesticide residues on tobacco
can be traced back to the mid-1960s when the former
West German government approved pesticide legisla-
tion extending pesticide tolerances to tobacco (9). The
legislation in West Germany had far-reaching effects
that extended globally and continue into current times.

Prior to 1966 the regulation of pesticide residues on
tobacco was not fully imposed because of the classifi-
cation of tobacco products. In the United States, prior
to 2009, tobacco was not subject to the Food, Drug, and
Cosmetic Act (FDCA) of 1938 because it is neither a
food nor a drug (9). Furthermore, from a historical
standpoint, domestic use of tobacco produced in the
United States far outweighed the amount exported to
other countries (example: 70% used domestically and

30% exported in 1968 (9), roughly 1.7 billion pounds of
leaf was produced in the United States in 1968 (15)).
Although the 30% exported in 1968 was a significant
source of revenue for producers (231,540,000 kg with a
value of $331,500,000 USD at 1968 market prices (15)),
it pales in comparison to the portion exported from 2009
to 2010 (62% exported; 137,607,400 kg with a value of
$575,890,000 USD at current contracting prices (2)). In
current times, it is highly probable that tobacco
produced in the United States will be exported to
another country where it is potentially subject to foreign
governmental and industry standards.

Additionally, in 2009 the Family Smoking Preven-
tion and Tobacco Control Act (FSPTCA) was signed
into law in the United States. The law amends the
FDCA to provide for the regulation of tobacco products
by the Secretary of Health and Human Services through
the Food and Drug Administration (FDA) (10). Within
the law, specific regulation is established that prohibits a
tobacco manufacturer from using tobacco, including
foreign-grown tobacco, that contains a pesticide chem-
ical residue at a level greater than any tolerance
applicable to domestically grown tobacco (10). Further-
more, the FDCA allows the Secretary to amend or
revoke a tobacco product standard (10); which could
potentially have further implications in terms of
pesticide residues. Currently, the United States Depart-
ment of Agriculture (USDA) has established tolerance
levels for 45 pesticides, most of which are not labeled for
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use in U.S. tobacco production or have been removed
from production altogether. It is worth noting that the
limits established by the USDA only apply to tobacco
imported into the United States. This list is unpublished
but can be requested from the USDA Agricultural
Marketing Services (AMS) Cotton and Tobacco Pro-
gram office located in Raleigh, NC. The AMS Cotton
and Tobacco Program utilizes residue limits set by the
United States tobacco industry, the Cooperative Center
for Scientific Research Relative to Tobacco (COR-
ESTA), which is an international association that
promotes cooperative research for tobacco, and internal
limits for non-tobacco labeled pesticides that were
established in the 1980s and 1990s (B. Wellons, personal
communication, July 2013). The void between FSPTCA
regulation and established residue limits on imported
leaf has increased the need for additional research into
what expected residues might be for tobacco produced
domestically.

Ultimately, pesticide residues on cured tobacco have
been a concern for decades, even as pesticide chemistry
has changed dramatically; however, it is only in recent
years that it has received increasing attention from the
federal government of the United States. Although
pesticide residue evaluations have been conducted for
many years in tobacco, recent legislation granting the
FDA regulatory oversight of tobacco products has
brought the need to determine expected residues from
pesticides used in tobacco production into focus. As part
of an ongoing program at North Carolina State
University, 3 pesticides were evaluated over a 3-year
period. The objective of this research was to establish the
maximum expected residues on cured tobacco leaf that
would result from a maximum labeled application and
minimum preharvest interval (PHI) of a specific pesticide.

METHODS AND MATERIALS

Field experiments were conducted in 2010, 2011,
and 2012 at the Upper Coastal Plain Research Station
(UCPRS) near Rocky Mount, North Carolina and the
Lower Coastal Plain Research Station (LCPRS) in
Kinston, North Carolina to establish the maximum
expected pesticide residues on flue-cured tobacco
(Nicotiana tabacum L.). Tobacco was produced with
the use of practices recommended by the North Carolina

Cooperative Extension Service (5), except for treatments
imposed. The variety planted at both locations was ‘NC
71’ (Goldleaf Seed Co., Hartsville, SC) in all years.
Individual plots were treated with 1 of 3 insecticides:
bifenthrin (FMC Corporation, Philadelphia, PA), clothi-
anidin (Valent USA Corporation, Walnut Creek, CA),
and flubendiamide (Bayer CropScience, Monheim, Ger-
many). Active ingredients, trade names, application rates,
number of applications and application type, preharvest
intervals, and guidance/tolerance levels are listed in
Table 1. All foliar treatments were applied with the use
of a CO2-pressurized backpack sprayer calibrated to
apply 186 L/ha and a three-nozzle boom with 26-cm
nozzle spacing. Each nozzle was a TX-12 Hollow Cone
(TeeJet Spraying Systems Co., Wheaton, IL) oriented
45 cm above the center of the plant; outside nozzles were
angled 45u toward the center of the boom.

Treatments were replicated four times and arranged
in a randomized complete block design at both research
stations. All four rows in each plot were treated, with
the two center rows being harvested and cured for
residue analysis. Row spacing and plot dimensions
varied between locations with plant spacing at the
UCPRS being 55 by 121 cm and plant spacing at the
LCPRS being 55 by 111 cm. Transplanting dates,
pesticide application dates, and rainfall totals varied
by location and are described in Table 2. Once tobacco
was harvested and cured, samples were removed from
individual stalk positions for residue analysis by Global
Laboratory Services, Inc., in Wilson, North Carolina.
Global Laboratory Services has provided analytical
services for previous research efforts and was utilized
once more to provide consistency in residue analysis
methodology from year to year. Six individual leaves
were sampled from three stalk positions (lower, middle,
and upper; for a total of 18 samples per plot) in each
plot to ensure adequate material for residue analysis.

Results were compiled and analyzed in a Pivot
Table with the use of Microsoft Excel (Microsoft,
Redmond, WA) and reported by individual year,
location, and stalk position. Data were not pooled
because of the inherent variability in environmental
conditions across growing seasons. The pivot table was
designed as a convenient way to determine and report
maximum residues, minimum residues, residue means,
and standard deviations. These parameters were then

Table 1. Application rates, preharvest interval (PHI), and established guidance/tolerance levels of pesticides evaluated for residues
on flue-cured tobacco in North Carolina in 2010, 2011, and 2012.

Active Ingredient Trade
Name

Total Applied Applications PHI Guidancea/Toleranceb

Levels (mg/kg)

L/ha G ai/ha No. (type) Days CORESTA USDA

Bifenthrin Capture 1.24 224.28 2 (foliar at 0.621 L) Laybyc 2.50 N/A

Chlothianidin Belay 1.64 420.52 3 (foliar at 0.545 L) 14 N/A N/A

Flubendiamide Belt 0.88 421.64 4 (foliar at 0.219 L) 14 N/A N/A
a CORESTA has a published list of guidance residue limits (GRLs) in Guide No. 1. This list is not a regulatory requirement.
b USDA has a list of maximum residue values available upon request from the Cotton and Tobacco Program. This list is a regulatory
requirement for tobacco imported into the United States.

c Layby is a stage in production when plants are roughly 45–60 cm in height and typically occurs 4–6 weeks after transplanting.

26 Tobacco Science (2007/2008) 50:25–30



used to establish a 95% confidence interval for all
compounds.

RESULTS AND DISCUSSION

Data are reported by individual year, individual
location, individual pesticide, and individual stalk posi-
tion (lower, middle, and upper) (Tables 3 and 4). Stalk
positions 1 and 2 (A and B) are combined and are
represented in the ‘‘lower’’ stalk position, stalk position 3
(C) is represented in the ‘‘middle’’ stalk position, and stalk
position 4 (D) is represented in the ‘‘upper’’ stalk position.

Bifenthrin. Bifenthrin (2-methylbiphenyl-3-ylmethyl
(Z)-(1RS)-cis-3-(2-chloro-3,3,3-trifluoroprop-1-enyl)-2,2-
dimethylcyclopropanecarboxylate) was applied through
2 foliar applications at a rate of 0.621 L/ha, for a total

of 224.28 g ai/ha. Bifenthrin residues decreased from
lower to middle and upper stalk leaf positions. Across all
years, locations, and stalk positions, the highest recorded
residue was 8.358 mg/kg in lower stalk tobacco at the
LCPRS in 2010 (Table 3). Maximum residues in middle
and upper stalk tobacco were most often #1.00 mg/kg
(Tables 3 and 4), with the vast majority of the minimum
recorded residues being below the limit of quantification
(LOQ) of 0.500 mg/kg (Tables 3 and 4). Residues below
the LOQ (0.500 mg/kg) were more likely to be observed in
middle and upper stalk leaf positions, but were present in
all years and at both locations (Tables 3 and 4). Residues
for bifenthrin were very low, with the highest mean being
3.745 mg/kg in lower stalk leaves at the UCPRS in 2012
(Table 4). The highest range of values for a 95%
confidence interval was 0.032–6.646 mg/kg in lower stalk

Table 2. Transplanting dates, pesticide application dates, and precipitation totals by individual location.

Location and Year Transplanting
Date

First
Applicationa

Second
Applicationa

Third
Applicationb

Fourth
Applicationc

Total
Precipitationd

LCPRSe 2010 April 15 May 13 May 25 June 09 June 24 820

LCPRSe 2011 April 20 May 18 June 07 July 05 July 26 756

LCPRSe 2012 April 13 May 11 May 24 June 08 June 20 804

UCPRSf 2010 April 19 May 26 June 09 June 22 July 08 621

UCPRSf 2011 April 25 May 23 June 13 July 13 July 27 814

UCPRSf 2012 April 10 May 11 June 05 June 20 July 27 854
a First and second applications—all 3 pesticides applied.
b Third application—chlothianidin and flubendiamide only.
c Fourth application—flubendiamide only.
d Precipitation total represents cumulative rainfall from the months of April to October for each respective year and location.
e LCPRS—Lower Coastal Plain Research Station in Kinston, North Carolina.
f UCPRS—Upper Coastal Plain Research Station near Rocky Mount, North Carolina.

Table 3. Pesticide residues on lower, middle, and upper stalk positions of flue-cured tobacco at the LCPRS location in 2010, 2011,
and 2012.

Compound Evaluated 2010 2011 2012

Lower Middle Upper Lower Middle Upper Compositea

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - mg/kg - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Bifenthrin (0.500b)

Mean 3.339 ,0.500c ,0.500c ,1.567c ,0.500c ,0.500c ,0.855c

Maximum 8.385 ,0.500c ,0.500c 2.695 ,0.500c ,0.500c 1.300

Minimum 1.306 ,0.500c ,0.500c ,0.500c ,0.500c ,0.500c ,0.500c

Standard deviation 3.375 0.000 0.000 1.119 0.000 0.000 0.365

95% confidence interval 0.032–6.646 –d –d 0.470–2.664 –d –d 0.497–1.213

Clothianidin (0.125b)

Mean 1.014 0.405 ,0.207c 0.857 0.293 ,0.125c 0.223

Maximum 1.240 0.725 0.312 1.297 0.496 ,0.125c 0.350

Minimum 0.714 0.188 ,0.125c 0.510 0.222 ,0.125c 0.170

Standard deviation 0.231 0.255 0.078 0.384 0.135 0.000 0.085

95% confidence interval 0.788–1.240 0.155–0.655 0.131–0.283 0.481–1.233 0.161–0.425 –d 0.140–0.306

Flubendiamide (0.125b)

Mean 25.835 10.930 7.270 19.355 12.678 11.362 9.253

Maximum 30.230 13.820 10.130 24.176 20.189 23.073 14.050

Minimum 20.740 8.960 6.070 13.867 6.466 3.233 0.510

Standard deviation 3.961 2.055 1.921 4.306 6.364 8.362 5.983

95% confidence interval 21.953–29.717 8.916–12.944 5.387–9.153 15.135–23.575 6.441–18.915 3.167–19.557 3.390–15.116
a Lower, middle, and upper stalk positions combined into a composite sample.
b Limit of quantification (LOQ) in milligrams/kilogram.
c Residue number was below the established laboratory LOQ; the LOQ was used to compute the mean.
d Blank cells indicate a lack of standard deviation; therefore, a confidence interval could not be established.
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leaves at the LCPRS in 2010 (Table 3). Bifenthrin has a
PHI which occurs at layby (when plants are 45–60 cm in
height), which, depending on environmental conditions,
can be from 4 to 6 weeks after transplanting. This is
extremely favorable for lower residues because it allows a
significant amount of time to pass before harvest occurs,
and during this time rainfall can wash off surface
residues. The decrease of bifenthrin residues from the
lower stalk position to the upper position (Tables 3 and
4) is most likely due to the shorter amount of time
between chemical application and the harvesting of lower
leaves in comparison to the longer window of time with
upper stalk leaves.

The Cooperative Center for Scientific Research
Relative to Tobacco has an established Guidance
Residue Level (GRL) of 2.50 mg/kg for bifenthrin (3)
(Table 1), and it should be noted that this threshold was
exceeded at least once in the lower stalk position at each
location every year. Additionally, in lower stalk leaves at
the UCPRS in 2012 the 95% confidence interval is
2.601–4.889 mg/kg (Table 4). This indicates that 95% of
the observed residues would have been above the
2.50 mg/kg threshold level.

Clothianidin. Clothianidin ([E]-1-[2-chloro-1,3-
thiazol-5-ylmethyl]-3-methyl-2-nitroguanidine) was ap-
plied in 3 foliar applications at a rate of 0.545 L/ha, for a
total of 420.52 g ai/ha. Generally, clothianidin residues
decreased from lower to middle and upper stalk leaf
positions (Tables 3 and 4). Across all years, locations,
and stalk positions, the highest recorded residue was
1.297 mg/kg in lower stalk tobacco at the LCPRS in
2011 (Tables 3 and 4). Maximum residues in middle and
upper stalk tobacco were #1.00 mg/kg (Tables 3 and 4).
Residues below the LOQ (0.125 mg/kg) were found in
middle and upper stalk positions, but were more likely
to occur in the upper position (Tables 3 and 4). Residues
for clothianidin were relatively low, with the highest
mean being 1.014 mg/kg in lower stalk leaves at the
LCPRS in 2010 (Table 3). The highest range of values
for a 95% confidence interval was 0.481–1.233 mg/kg in
lower stalk leaves at the LCPRS in 2011 (Table 3).
Clothianidin has a 14-day PHI, which can be beneficial
in terms of creating a window of time for rainfall and/or
irrigation to wash off surface residues.

Flubendiamide. Flubendiamide (N2-[1,1-dimethyl-2-
(methylsulfonyl)ethyl]-3-iodo-N1-[2-methyl-4-[1,2,2,2-
tetrafluoro-1-(trifluoromethyl)ethyl]phenyl]-1,2-benzene-
dicarboxamide) was applied in four foliar applications
at a rate of 0.219 L/ha, for a total of 421.64 g ai/ha.
Flubendiamide residues were very high, when compared
to the others in this study, but decreased from lower to
middle and upper stalk positions (Tables 3 and 4). Across
all years, locations, and stalk positions, the highest
recorded residue was 30.230 mg/kg in the lower stalk
position at the LCPRS in 2010 (Table 3). Maximum
residues in middle and upper stalk tobacco were very
inconsistent, but were always less than observations in
lower stalk tobacco (Tables 3 and 4). Residues were
always above the LOQ (0.125 mg/kg), unlike the other
pesticides in this study. Residues for flubendiamide were
very high across all years, locations, and stalk positions.

The highest mean for lower, middle, and upper stalk
positions was 25.835 mg/kg (LCPRS 2010), 12.678 mg/kg
(LCPRS 2011), and 11.362 (LCPRS 2011), respectively
(Tables 3 and 4). The highest range of values for a 95%
confidence interval was 3.167–19.557 mg/kg for upper-
stalk tobacco at the LCPRS in 2011 (Table 3). Overall,
residues for flubendiamide were higher than others in this
study; however, the chemistry of flubendiamide is very
specific in the organisms it controls and it is not
considered a broad-spectrum insecticide in agricultural
production. Furthermore, the U.S. Environmental Pro-
tection Agency has consistently given this product
favorable reviews based on low acute toxicity to humans
(12), low toxicity to beneficial insects, novel chemistry,
and implementation into integrated pest management
(IPM) programs (1). The 14-day PHI seems to have
very little effect in reducing residues and it may be
advisable for producers to use this product sparingly or in
early-season production once economic thresholds are
exceeded.

CONCLUSION

In general, the residues of bifenthrin and clothiani-
din were relatively low in comparison to flubendiamide
and other pesticides not used in this study but currently
labeled for use in tobacco production (3). As is the case
with flubendiamide, it should be noted that despite high
residue numbers it is not a broad-spectrum insecticide,
which is favorable for IPM implementation and,
ultimately, environmental sustainability (14).

For those pesticides (bifenthrin only) that have
established guidance/tolerance levels by either COR-
ESTA (3) or the USDA (Table 1), the threshold was
exceeded in at least 1 observation at each location in
each year (Tables 3 and 4). This indicates that the
maximum allowable usage and the shortest PHI allowed
by the label could result in cured leaf residues that
exceed an established tolerance. However, two points
should be made. First, for many of the pesticides
evaluated, the common use by North Carolina farmers
(based on annual production surveys of North Carolina
Cooperative Extension personnel) is less than the label
allows; whereas the use in this study was at a maximum
labeled rate. Second, the tolerances were likely estab-
lished after the label was written. The second point
places farmers in a paradoxical position because the
label is law and by following the law, cured leaf residues
can exceed established tolerances. A re-evaluation of
either the pesticide label for flue-cured tobacco or the
established tolerance, or both, should be considered to
provide clearer guidance to farmers.

Finally, there is inherent variability in data such as
these because of product formulation, the influences of
rainfall following application, temperature, and other
environmental factors that influence the physiology of
the plant in terms of adherence, absorption, and
translocation of the material to the leaf surface.
Unfortunately, it is not possible to evaluate these or
any other pesticides in every environment. Therefore,
the reader should proceed with caution when drawing
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sweeping conclusions about what residues can be
expected. The objective of this work was to determine
what a maximum residue might be, not what a residue is
expected to consistently be in a given environment.
Ultimately, residue data obtained from supervised field
trials may further assist the industry and international
organizations to define guidance documents for strategic
pesticides used in tobacco production.
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