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ABSTRACT

The concentration of mercury, cadmium, lead,
and arsenic along with glyphosate and an
extensive array of pesticides in the U.S. peanut
crop was assessed for crop years 2013-2015.
Samples were randomly selected from various
buying points during the grading process. Sam-
ples were selected from the three major growing
regions in order to attain a representative sample
of U.S. peanut production. Samples were sent to
an independent laboratory for testing. Appropri-
ate statistical techniques were used to account for
censored data due to test results below detection
limits. Descriptive statistics and confidence inter-
vals for the population mean concentration are
presented where possible. For heavily censored
data, the probability of a random sample from
the population testing below the detection limit is
estimated. Overall, concentrations were found to
be low relative to health standards and consistent
ACross Crop years.

The United States is the third largest producer
of edible peanuts (Arachis hypogaea L.) in the
world behind China and India. In 2015, the U.S.
harvested 1.567 million acres with an average yield
of 3963 pounds per acre for a total in-shell
production of 6.211 billion pounds (National
Agricultural Statistics Service, 2016). U.S. peanuts
are produced in three major regions consisting of
the Southeast (Alabama, Florida, Georgia, Mis-
sissippi), Southwest (New Mexico, Oklahoma,
Texas), and Virginia-Carolina (North Carolina,
South Carolina, Virginia). There are four different
commercial peanut market types (runner, Spanish,
Valencia, and Virginia) each with distinguishing
characteristics related to final product use. Runner-
type peanuts comprise approximately 80% of U.S.
production and are grown primarily in the
Southeast region. The primary use of runner-type
peanuts is peanut butter. The Spanish-type which
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accounts for 3% of total U.S. production is used in
peanut candy and as salted nuts with the majority
produced in Texas and Oklahoma. Valencia-type
represent 1% of U.S. production and are produced
in New Mexico and Texas and mostly used as
roasted or boiled in-shell. Virginia-type peanuts
comprise 16% of U.S. production and are pro-
duced in Virginia, North Carolina, South Carolina,
and Texas. The primary use of Virginia-type
peanuts is roasted in-shell. Thus the U.S. peanut
industry is diverse with respect to types of peanuts
produced for specific markets and the geographic
regions in which the different types are grown.

The U.S. peanut supply chain is unique com-
pared to most commodities in that peanuts are
delivered from the field in-shell (farmer stock) and
must undergo further processing to remove the
shell and then size peanut kernels (shelled stock)
specific to final use. At harvest, farmer stock
peanuts are delivered to peanut buying points.
Peanut buying points are strategically located in
the peanut producing regions for efficiency related
to farmer stock peanut transport and represent the
first point of consolidation within these smaller
geographic regions. Buying point functions include
cleaning, drying, grading, and storing peanuts. All
farmer stock peanuts must be inspected following
strict guidelines mandated by the USDA Agricul-
tural Marketing Service and conducted by trained
Federal State Inspection Service (FSIS) inspectors
located at each buying point (Archer, 2016) to
determine quality factors of farmer stock peanuts.
Farmer stock peanuts are then stored in specially
designed warehouses until they are delivered to
shelling facilities for further processing. The basic
function of peanut shelling is to remove peanut
hulls from kernels and size peanuts into specified
commercial market grades.

While inspection at the buying points focuses on
the physical characteristics of the peanuts (Cowart,
et al. 2016), our focus in this analysis is to provide
an evaluation of other characteristics, specifically
the presence, if any, of heavy metal or other
chemical residues present in the U.S. peanut crop.
Exposure to heavy metals is a major health concern
and the consumption of food contaminated with
heavy metals has been linked to several adverse
health effects. Lead can cause increased blood
pressure and kidney damage in adults and can
affect the development of the brain and nervous
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system in children. Consumption of arsenic has
been linked to cancers of the skin, lungs, and
bladder. Chronic exposure to mercury can lead to
damage of the kidneys and nervous system and
ingestion of cadmium can affect the kidneys, lungs
and bones.

The presence and prevalence of heavy metals
has been analyzed for a variety of foodstuffs. The
primary source of mercury in the diet is through
the consumption of fish and shellfish while the
ingestion of cadmium arises mainly from terrestrial
foods (Hajeb, et al. 2014). With the exception of
rice, the primary source of arsenic is water which
can lead to crop contamination via irrigation
(Hajeb, et al. 2014). The lead naturally present in
plant soils primarily accounts for its entrance into
the food system especially in areas with high
concentrations (Hajeb, et al. 2014).

Due to the health effects associated with the
ingestion of these toxic elements a combination of
research and regulation has been used to mitigate
their impact. On the research side a number of
studies have analyzed the effect of various process-
ing methods to control concentration levels (see
Hajeb, et al. 2014 for a thorough review). On the
regulatory side, several international bodies have
set standards regarding the levels of heavy metals
that can be safely ingested. Domestically, U.S.
regulation has proceeded on more of a case-by-case
basis setting regulatory standards covering specific
foods and specific chemicals.

The analysis presented here evaluates the level
of heavy metal concentrations and other chemical
residues in the U.S. peanut crop.

Materials and Methods

The study was conducted during the 2013-2015
crop years at farmer stock delivery to peanut
buying points. The 16 buying point locations
included in the study were geographically dispersed
within each region to represent peanut production
within the region and had to be in operation for all
three years. Conducting the study at 16 geograph-
ically representative buying points across three
crop years provides more robust data encompass-
ing varying climatic conditions and rotation
sequences as opposed to a larger sampling con-
ducted for a single year.

At each buying point, the laboratory samples
were chosen during the farmer stock grading
process when peanuts are split for internal damage
detection. At the end of the day, the FSIS samples
used in the grading process were comingled and a
randomly drawn 2kg sample was removed for

laboratory testing. These samples were sent to the
Eurofins laboratory located in New Orleans for
pesticide, heavy metal and glyphosate screening. In
order to get a representative sample of U.S. peanut
production, samples were selected from the three
major growing regions, the Southeast (SE), South-
west (SW), and the Virginia, North Carolina,
South Carolina (VC) region. Samples included all
three major market types: runner (all regions),
Virginia (SW and VC), and Spanish (SW only),
drawn from the 16 different buying point locations
in nine states. The proportion of samples drawn
from each region was chosen to represent, as
closely as possible, that region’s percentage of total
peanut acres and market types. Sample availability
varied slightly with each crop year based on
growing conditions but generally stayed the same
across all three years. Table 1 describes the sample
selection in more detail. Throughout the statistical
analysis it is assumed that the samples analyzed
represent random samples of peanut production
for each region and for overall U.S. peanut
production.

Once at the Eurofins laboratory, each 2kg
sample was composited and homogenized. A
representative sample was then taken for testing.
For heavy metals the analysis was performed on a
Perkin Elmer NexION 300D ICP-MS. The sample
was prepared via microwave assisted acid digestion
(nitric acid + hydrogen peroxide). Digestion was
performed to completion. There was no spike
recovery within the batch. NIST SRM 1568B and
1515 were analyzed as laboratory control samples.
Recoveries for analytes of interest were within 10%
of 100. For arsenic, the testing did not differentiate
between organic and inorganic forms. Glyphosate
testing was analyzed by LC-MS/MS. Fortification
of samples were done on the matrix to determine
recovery.

Testing for pesticides included test code QA889
which is a modification of AOAC 2007.01 for
samples that are low in moisture content and
higher in fat content. Ground samples are hydrat-
ed, extracted in acidified acetonitrile, dried with
salts and then subjected to dispersive solid phase
extraction to remove co-extracted interferences and
fat. The extracts are analyzed by LC-MS/MS using
solvent standard calibration. The calibration in-
cludes all analytes tested in the screen and
continuing calibration verification standards are
analyzed before, between and after all samples.
One of the sample matrices in the batch of samples
was spiked with the analytes being screened to
assess recovery in the specific matrix.

Additional pesticide testing was performed with
test codes QA16Y and QA16Z, modifications of
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Table 1. Peanut Sampling Plan for Pesticide and Heavy Metal Tests

Number of annual samples

Region Peanut type Number of buying points 2013 2014 2015
Southeast (SE) Runners 10 71 71 71
Southwest (SW) Runners, Virginias, Spanish 3 15 12 16
Virginia-Carolina (VC) Runners, Virginias 3 12 12 10

FDA PAM 304 and the German government S-19
method for pesticide residues in fatty foods.
Ground samples are extracted by blending with a
blend of acetone and hexane and then solvent-
exchanged into a cyclohexane / ethyl acetate
mixture. Gel permeation chromatography is per-
formed to remove fat from the extracts and the
resulting extract is exchanged into an acetone/
hexane mix and analyzed by GC-MS/MS using
solvent standard calibration. The calibration in-
cludes all analytes tested in the screen and
continuing calibration verification standards are
analyzed before, between and after all samples.
One of the sample matrices in the batch of samples
was spiked with the analytes being screened to
assess recovery in the specific matrix.

Laboratory testing for the presence of chemical
compounds can provide important information
about crop safety but can also have an inherent
problem associated with censoring of low-concen-
tration measurements due to the detection limits of
the testing equipment. Estimating descriptive sta-
tistics when a portion of the data is censored is
problematic since the specific values of the cen-
sored data points are not known. Omission of the
censored values or substituting some other values
for the censored values introduces bias in the
calculations. In this study three alternative meth-
ods developed specifically for use with censored
samples—Kaplan-Meier (KM), Regression on Or-
der Statistics (ROS), and Maximum Likelihood
Estimation (MLE) were employed. However, since
each of these techniques uses information from the
uncensored portion of the data to infer values for
the data in the censored region, each method has its
shortcomings (Helsel, 2012).

The benefit of the nonparametric Kaplan-Meier
method is that it does not impose any ad hoc
distributional assumptions on the data. However,
when dealing with censored data with a single
detection limit at the lower end of the spectrum, as
is the case here, it simply substitutes the detection
limit for all censored values resulting in an
overestimate of the mean concentration. Both the
ROS and MLE rely on distributional assumptions
regarding the data, specifically the lognormal
distribution. The ROS method is less restrictive in

that it uses actual sample data whenever possible
and only imposes the distributional assumption
when inferring values below the detection limit.
The summary statistics produced by the MLE
method are determined from the lognormal distri-
bution that “best fits” the entire data set; imposing
the distributional assumption on both the censored
and uncensored data points. Several authors have
examined the comparisons between these three
methods, e.g., Annan, et al. (2009) and Chowd-
hury, et al. (2015). Helsel (2012) lists over 15 other
papers comparing these and other methods for
addressing censored data.

Given the type of censoring present in this data
and wanting to impose the least restrictive set of
assumptions, the ROS method was used. While the
results of all three methods will be reported, these
discussions will focus on the ROS results. The
analysis presented here focuses on the average
residue concentration, estimates and inferences
regarding the medians and standard deviations
are available from the authors.

The bootstrap method (Efron (1979), Efron and
Tibshirani (1986)) is used to obtain an estimate of
the sampling distribution of the mean and con-
struct confidence bounds for the statistic without
relying on distributional assumptions or approxi-
mations. This is especially important for more
complicated statistics such as an estimator for the
mean when the sample data contains censored
observations resulting from detection limits.

The samples used to test for mercury and
glyphosate concentrations (as well as some regional
samples of arsenic and lead) were so highly
censored that none of the above methods would
produce reliable results. For these chemicals, the
probability that a sample chosen at random will
have a concentration that exceeds the detection
limit, i.e., the relative frequency with which
censored observations occur in the population, is
estimated.

Depending on the degree of censoring in the
data, three estimates are presented for each of the
substances tested — the mean concentration, the
95% confidence interval for the mean, and the 95%
upper confidence limit for the mean. The 95%
confidence interval is defined by an upper and
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Fig. 1. Frequency distribution of cadmium samples 2013-2015.

lower bound such that, based on the information in
the sample data, there is a 95% likelihood that the
true mean concentration of the population lies
somewhere within the interval. The 95% upper
confidence limit (UCL95) is a number that one can
be 95% confident that the true mean concentration
of the population is below that value.

Mean concentrations are examined for each
substance at two levels of aggregation—pooing
across all years and across all regions and pooling
across all regions for each year—and also separately
for each region each year. Even though point
estimates of the means may be different, whether or
not pairwise differences are statistically significant
depend on whether or not the confidence intervals
for the means overlap. Non-overlapping confidence
intervals indicate that the means are statistically
different from one another.

While differences in mean concentrations are
examined, the exact cause of any differences is
beyond the scope of this research. One source of
regional differences is likely to arise from differ-
ences in background soil levels. For example based
on visual inspection of geochemical soil maps
(Smith er al. (2014)), one might expect the
Southeast region to have lower levels of cadmium,
arsenic, and lead since these elements are relatively

less prevalent in southeastern soils. Yearly differ-
ences within a region could be due to heavy metal
concentrations in fertilizers used for rotational
Crops.

Results and Discussion

Cadmium

The cadmium samples and statistical analysis
are described in Figure 1 and Table 2. Since none
of the cadmium samples were censored, the mean
values are equal to the arithmetic mean. 95%
confidence intervals and 95% upper confidence
limits (UCL95) for the population mean are
constructed using the bootstrap method.

As shown in Figure 1, the samples have a similar
distribution each year. An outlier is present in the
2015 data. In that year, one sample had a
concentration of 0.324 ppm which is over 5
standard deviations away from the 2015 average
concentration.

Pooling all samples over all years and across all
regions, the mean cadmium concentration was
0.0768 ppm. Based on this sample data, 95% of
other samples drawn from this population would
have a cadmium concentration between 0.0714 and
0.0821 ppm. In comparison, a five year study of
Chinese peanuts showed the average cadmium level
to be 0.1684 ppm (Dai, et al. 2016) which is more
than double the 95% confidence interval upper
bound for U.S. peanuts estimated here. While
cadmium concentrations in U.S. peanuts are
significantly lower than those in Chinese peanuts,
a recent study concluded that cadmium concentra-
tions could be reduced even further by processing
(blanching) as the concentrations were much higher
in the testa compared to the kernels (McLaughlin,
et al. 2000).

Table 2. Sample Statistics and Estimation Results for the Population Mean (ppm), Cadmium 2013-2015

Year Region Number Censored Minimum Maximum Mean 95% Confidence interval UCL95
All All 290 0 0.020 0.328 0.0768 (0.0714, 0.0821) 0.0814
2013 All 98 0 0.023 0.251 0.0766 (10.0670, 0.0869 ) 0.0847
2014 All 95 0 0.024 0.207 0.0764 (10.0676, 0.0857 ) 0.0839
2015 All 97 0 0.020 0.328 0.0772 (10.0683, 0.0869 ) 0.0853
2013 SE 71 0 0.023 0.162 0.0568 (10.0504, 0.0641 ) 0.0628
SW 15 0 0.055 0.251 0.1427 (0.1187, 0.1719 ) 0.1680
\© 12 0 0.031 0.167 0.1113 (10.0904, 0.1302) 0.1275
2014 SE 71 0 0.024 0.154 0.0600 (10.0542, 0.0664 ) 0.0652
SW 12 0 0.051 0.203 0.0962 (10.0691, 0.1283 ) 0.1220
vVC 12 0 0.099 0.207 0.1534 (0.1338, 0.1728 ) 0.1698
2015 SE 71 0 0.020 0.180 0.0620 (10.0545, 0.0705) 0.0691
SW 16 0 0.070 0.328 0.1195 (10.0942, 0.1551) 0.1491
\© 10 0 0.080 0.175 0.1177 (0.1008, 0.1373) 0.1340




128

35 +

30 1 censored
Region:

35, 19, and

55 censored

20 - samples

below

15 detection
limit of 0.02
ppmin
2013, 2014,
and 2015,

" respectively

25 +

Frequency (#)

10

5

0 t

0 0.01 0.02 0.03 0.04 005 0.06 0.07 0.08 0.09

.

ppm

PEANUT SCIENCE

2014 =——2015

Fig. 2. Frequency distribution of arsenic samples 2013-2015

0.4

Based on the 2015 samples, there is a 95%
probability that the population mean lies between
0.0683 ppm and 0.0869 ppm.

The mean cadmium concentration in the South-
east region was the lowest for all years in the study.
In addition, the Southeast region had the lowest
UCL9S5 for all years in the study. In 2015, the
UCL95 was 0.0691 meaning that the true mean
cadmium concentration in the Southeast is expect-
ed to be below this value with a 95% probability.
Over all regions in 2015, there is a 95% probability
that the true mean concentration was below 0.0853
ppm.

Non-overlapping confidence intervals provide
evidence of statistically significant pairwise differ-
ences in concentrations across time and across
regions. Pooling all samples by year, the means are

Table 3. Sample Statistics and Estimation Results for the Population Mean (ppm), Arsenic 2013-2015

Year Region Number  Censored (<0.02 ppm) Maximum  Method Mean 95% Confidence interval ~ UCL95
All All 290 109 0.41% K-M 0.0307 (10.0282, 0.0341 ) 0.0334
ROS 0.0282 (0.0258, 0.0312) 0.0308
MLE 0.0278 (10.0258, 0.0302 ) 0.0298
2013 All 98 35 0.08 K-M 0.0284 (10.0260, 0.0310 ) 0.0305
ROS 0.0263 (10.0235, 0.0293 ) 0.0288
MLE 0.0265 (0.0237, 0.0294 ) 0.0289
2014 All 95 19 0.09 K-M 0.0338 (10.0308, 0.0369 ) 0.0364
ROS 0.0330 (10.0300, 0.0363 ) 0.0358
MLE 0.0330 (10.0298, 0.0363 ) 0.0358
2015 All 97 55 0.41% K-M 0.0300 (10.0242, 0.0393 ) 0.0378
ROS 0.0233 (0.0179, 0.0325) 0.0306
MLE® 0.0231 (10.0190, 0.0296 ) 0.0282
2013 SE 71 23 0.08 K-M 0.0273 (0.0251, 0.0299 ) 0.0294
ROS 0.0259 (10.0233, 0.0287 ) 0.0283
MLE 0.0259 (10.0233, 0.0286 ) 0.0281
SW 15 4 0.08 K-M 0.0367 (10.0287, 0.0473 ) 0.0460
ROS 0.0353 (10.0257, 0.0462 ) 0.0446
MLE 0.0357 (10.0256, 0.0462 ) 0.0446
vVC 12 8 0.06 66.7% Censored
2014 SE 71 19 0.07 K-M 0.0297 (10.0273, 0.0322) 0.0318
ROS 0.0287 (10.0259, 0.0317 ) 0.0313
MLE 0.0287 (10.0259, 0.0316 ) 0.0311
SW 12 0 0.09 K-M 0.0508 (10.0392, 0.0642 ) 0.0617
ROS 0.0508 (10.0392, 0.0642 ) 0.0617
MLE 0.0507 (10.0387, 0.0646 ) 0.0622
vC 12 0 0.08 K-M 0.0408 (10.0350, 0.0492 ) 0.0475
ROS 0.0408 (10.0350, 0.0492 ) 0.0475
MLE 0.0407 (10.0350, 0.0490 ) 0.0473
2015 SE 71 48 0.06 K-M 0.0230 (10.0216, 0.0246 ) 0.0244
ROS 0.0174 (0.0139, 0.0215) 0.0208
MLE* 0.0180 (0.0151, 0.0206 ) 0.0202
SW 16 2 0.41° K-M 0.0631 (0.0334, 0.1119) 0.1075
ROS 0.0618 (0.0323, 0.1110) 0.1059
MLE 0.0557 (10.0330, 0.1047 ) 0.0991
vC 10 5 0.08 50% Censored

%0.41 lies outside 9 standard deviations of the mean for the pooled data no matter which method is chosen.
Over 3 standard deviations from the mean for 2015 SW region sample.
“With large samples and >50% censoring, MLE provides the best estimate (Helsel, 2012).
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Fig. 3. Frequency distribution of lead samples 2013-2015.

not statistically different at the 95% confidence
level. However, there are significant differences by
region. At a 95% confidence level, the average
cadmium concentrations in the Southeast are
statistically lower than the other regions for all
years. In 2014, the mean cadmium concentration in
the Virginia-Carolina region was statistically high-
er than the other regions. In 2013 and 2015 there is
no evidence of a statistical difference in the mean
cadmium concentrations in the Southwest and
Virginia-Carolina regions.

Arsenic

The frequency distribution of the arsenic test
results are described in Figure 2. Due to detection
limits, the arsenic test results are censored below a
concentration of 0.02 ppm. In order to account for
the information contained in the censored obser-
vations, the statistical analysis presented in Table 3
employs three different methods; Kaplan-Meier
(KM), regression on order statistics (ROS), and
maximum likelihood estimation (MLE).

Even though the degree of censoring differs each
year, the distributions of the sample results are
similar across years. An outlier is present in the
2015 data. In that year, one of the Southwest
samples had a concentration of 0.41 ppm which is
over nine standard deviations away from the 2015
average concentration.

Using the three different methods to account for
the censored observations results in different mean
concentration estimates. The discussion presented
below focuses on the results using the ROS
methodology.

Pooling all samples over all years and across all
regions, the mean arsenic concentration was 0.0282
ppm. Based on this sample data, 95% of other
samples drawn from this population would have an
arsenic concentration between 0.0258 and 0.0312
ppm. Based on the sample data, there is only a 5%
likelihood that the true population mean arsenic
concentration for all samples over all years exceeds
0.0308 ppm (UCL95=0.0308).

Table 4. Probability (Relative Frequency) that a Sample Chosen
at Random Will Have a Test Result Below the Detection
Limit for Arsenic of 0.02 ppm.

95% Confidence interval
for the probability of a

Censored sample testing below
Year Region Number (<0.02 ppm) the detection limit
2013 All 98 35 (10.263, 0.460 )
2014 All 95 19 (0.125,0.295)
2015 Al 97 55 (10.463 , 0.667 )
2013 SE 71 23 (0.218,0.445)
SW 15 4 (0.078 , 0.551)
VC 12 8 (10.349,0.901 )
2014 SE 71 19 (0.169 , 0.386 )
SW 12 0 (0,0.265)
VC 12 0 (0,0.265)
2015 SE 71 48 (10.463, 0.667 )
SW 16 2 (0.016,0.383)
vC 10 5 (0.187,0.813)

Pooling across regions, the lowest annual
average arsenic concentration was 0.0233 ppm
which occurred in 2015. The samples in the
Southwest region in 2015 had the highest average
arsenic concentration (0.0618 ppm). This is due in
large part to having 16 samples one of which was
the overall outlier.

The means across years are not statistically
different at the 95% confidence level as shown by
the overlapping confidence intervals. At a 95%
confidence level, there is no evidence of a statistical
difference in average arsenic concentrations in the
Southeast and Southwest in 2013. However, in
2014 there is evidence that the overall average
arsenic concentration was lower in the Southeast
than in the other two regions and lower than the
Southwest region in 2015.

For the Virginia-Carolina region in years 2013
and 2015, the degree of censoring relative to the
sample size was too large to produce reliable
estimates of the average arsenic concentration in
the region as a whole. In order to include this data
in the analysis estimates of the probability that a
sample drawn at random would have a test result
below the detection limit of 0.02 ppm are provided.
These results are presented for all regions in Table
4.

In 2015, across all regions, there is a 95%
probability that between 46.3% and 66.7% of
peanut samples drawn at random would have a test
result below the detection limit of 0.02 ppm. At a
95% confidence level, one would expect that the
test results performed on another sample would
have at most a 54% probability of testing above
the detection limit.
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Table 5. Sample Statistics and 95% Confidence Interval for the Mean (ppm), Lead 2013-2015

Year  Region Number Censored (<0.02ppm) Maximum  Method  Mean  95% Confidence interval ~ UCL95
All All 290 94 0.64" K-M 0.0349 (10.0307, 0.0407 ) 0.0397
ROS 0.0322 (10.0282, 0.0377 ) 0.0367
MLE 0.0311 (10.0283, 0.0345 ) 0.0340
2013 All 98 44 0.64" K-M 0.0355 (10.0269, 0.0498 ) 0.0478
ROS 0.0305 (10.0222, 0.0445 ) 0.0420
MLE 0.0285 (10.0232, 0.0371 ) 0.0354
2014 All 95 24 0.40% K-M 0.0352 (10.0292, 0.0447 ) 0.0431
ROS 0.0334 (10.0277, 0.0426 ) 0.0408
MLE 0.0321 (10.0278, 0.0383 ) 0.0371
2015 All 97 26 0.12 K-M 0.0339 (10.0302, 0.0381 ) 0.0374
ROS 0.0319 (10.0279, 0.0365 ) 0.0358
MLE 0.0323 (10.0284, 0.0368 ) 0.0361
2013 SE 71 31 0.10 K-M 0.0275 (10.0246, 0.0308 ) 0.0303
ROS 0.0238 (10.0203, 0.0281 ) 0.0275
MLE 0.0246 (10.0213, 0.0285 ) 0.0279
SW 15 10 0.09 66.7% Censored
VvC 12 3 0.64* K-M 0.0875 (10.0300, 0.1942 ) 0.188
ROS 0.0839 (10.0258, 0.1910 ) 0.184
MLE 0.0698 (0.0272, 0.2577 ) 0.208
2014 SE 71 22 0.40* K-M 0.0352 (10.0278, 0.0469 ) 0.0451
ROS 0.0325 (10.0253, 0.0438 ) 0.0419
MLE 0.0309 (10.0258, 0.0390 ) 0.0374
SW 12 2 0.04 K-M 0.0275 (10.0242, 0.0317) 0.0308
ROS 0.0273 (10.0231, 0.0311) 0.0308
MLE 0.0271 (10.0231, 0.0308 ) 0.0300
VC 12 0 0.08 K-M 0.0425 (10.0358, 0.0508 ) 0.0500
ROS 0.0425 (10.0358, 0.0508 ) 0.0500
MLE 0.0423 (10.0357, 0.0508 ) 0.0499
2015 SE 71 19 0.12 K-M 0.0320 (10.0280, 0.0366 ) 0.0359
ROS 0.0297 (10.0254, 0.0348 ) 0.0340
MLE 0.0302 (10.0261, 0.0351 ) 0.0343
SW 16 5 0.10 K-M 0.0450 (10.0362, 0.0575 ) 0.0556
ROS 0.0419 (10.0324, 0.0546 ) 0.0523
MLE 0.0410 (10.0289, 0.0550 ) 0.0523
VC 10 2 0.07 K-M 0.0350 (10.0270, 0.0460 ) 0.044
ROS 0.0342 (10.0254, 0.0448 ) 0.043
MLE 0.0344 (10.0253, 0.0450 ) 0.0429

#Outlier more than three standard deviations from the mean of respective sample.

Even though no statistical difference in the
mean arsenic concentrations across years is found,
2015 has a significantly higher probability of
having observations below the detection limit than
the other years.

In 2015, samples from the Southeast contain
significantly greater proportions of observations
below the detection limit than samples from the
Southwest.

Lead

The test results for lead concentrations are
described in Figure 3. In addition to annual
differences in the degree of censoring, the graph
also illustrates slight differences in the overall
distributions and outliers present in both 2014
and 2015.

Three different estimation techniques were
employed to account for the censored observations
within each sample, and discussion is focused on
the ROS results presented in Table 5.

Pooling samples over all years and across all
regions, the mean lead concentration was 0.0322
ppm. Based on this sample data, 95% of other
samples drawn from this population would have an
average lead concentration between 0.0282 and
0.0377 ppm. Pooling all regions by year, the lowest
average lead concentration was 0.0305 ppm which
occurred in 2013.

The samples in the Virginia-Carolina region in
2013 had the highest average lead concentration
(0.0839 ppm). This is due in large part to having 12
samples one of which was the outlier 0.64 ppm.
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Table 6. Probability (Relative Frequency) that a Sample Chosen
at Random Will Have a Test Result Below the Detection
Limit for Lead of 0.02 ppm.

Table 7. Probability (Relative Frequency) that a Sample Chosen
at Random Will Have a Test Result Below the Detection
Limit for Mercury of 0.01 ppm.

95% Confidence interval
for the probability of a

95% Confidence interval
for the probability of a

Censored sample testing below Censored sample testing below
Year Region Number (<0.02 ppm) the detection limit Year Region Number (<0.01 ppm) the detection limit
2013 All 98 44 (10.348 ,0.553) 2013 All 98 98 (0.970, 1.00 )
2014 All 95 24 (0.169 , 0.352) 2014 Al 95 88 (0.854,0.970)
2015 All 97 26 (0.183,0.368 ) 2015 Al 97 95 (0.927,0.997)
2013 SE 71 31 (0.319, 0.560 ) 2013 SE 71 71 (0.959, 1.00)
SW 15 10 (10.383,0.882) SW 15 15 (0.819, 1.00)
vC 12 3 (0.055,0.572) VC 12 12 (0.779 , 1.00 )
2014 SE 71 22 (0.205,0.431) 2014 SE 71 64 (0.807,0.959)
SW 12 2 (0.021,0.484) SW 12 12 (0.779 , 1.00 )
vC 12 0 (0,0.265) vC 12 12 (0.779 , 1.00 )
2015 SE 71 19 (0.169 , 0.386 ) 2015 SE 71 71 (0.959, 1.00)
SW 16 5 (0.110, 0.587) SW 16 16 (0.829, 1.00 )
VC 10 2 (0.025, 0.556) vC 10 8 (0.444 ,0.975)

Based on the sample data, there is only a 5%
likelihood that the true population mean lead
concentration for all samples over all years exceeds
0.0367 ppm (UCL95=0.0367).

The means across years are not statistically
different at the 95% confidence level as shown by
the overlapping confidence intervals. There is no
statistical difference in the annual average lead
concentrations in the Southeast. In 2014, the
Virginia-Carolina region had a significantly higher
average lead concentration than the Southwest. In
2015 there was no significant difference in average
lead concentrations across regions.

For the Southwest region in 2013, the degree of
censoring relative to the sample size was too large
to produce reliable estimates of the average
concentration in the region as a whole. Instead
the probability that a sample drawn at random
would have a test result below the detection limit of
0.02 ppm are estimated. These results are presented
for all regions in Table 6.

3 -

Censored
Region:
98, 88, and
95
2 -rcensored
samples
below
detection
limit of 0.01

== 2013 seerene 2014 ——2015

Frequency (#)

ppm in

2013, 2014,
and 2015,
respectively

-
=+

t + + + + +
0 0.01 0.011 0.012 0.013 0.014 0.015 0.016 0.017 0.018 0.019
ppm

Fig. 4. Frequency distribution of mercury samples 2013-2015.

In 2015, across all regions, there is a 95%
probability that between 18.3% and 36.8% of
peanut samples drawn at random would have a test
result below the detection limit of 0.02 ppm. At a
95% confidence level, it is expected that the test
results performed on another sample would have at
least a 18.3% probability of testing below the
detection limit.

The overlapping confidence intervals indicate
that there are no statistically significant pairwise
differences in censored proportions across years or
across regions by year.

Mercury

The mercury test results are described in Figure
4. As illustrated, most of the test results were below
the detection limit of 0.01 ppm. As a result of the
high degree of censoring, our results again focus on
estimates of the probability that a test on a random
sample of peanuts would result in a concentration
below the detection limit of 0.01 ppm. These are
presented in Table 7.

In 2015, across all regions, there is a 95%
probability that another sample drawn would have
between a 92.7% and 99.7% likelihood of testing
below 0.01 ppm. At a 95% confidence level, it is
expected that a test result performed on another
random sample would have at most a 7.3%
likelihood testing above the detection limit.

Since the confidence intervals overlap there is no
statistical evidence of significant differences across
years or across regions by year.

Glyphosate

Even though glyphosate is not labelled for
application to peanuts, it may show up in peanut
residue tests as a result of drift when applied to
adjacent fields. Only three samples in 2013 and
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Table 8. Summary results of heavy metal concentrations in the
U.S. peanut crop (ppm).

Cadmium Arsenic Lead

Year Region Mean® UCL95 Mean® UCL95 Mean® UCL95

All All  0.0768 0.0814 0.0282 0.0308 0.0322 0.0367
2013 All 0.0766 0.0847 0.0263 0.0288 0.0305 0.0420
2014 All 0.0764 0.0839 0.0330 0.0358 0.0334 0.0408
2015 All 0.0772 0.0853 0.0233 0.0306 0.0319 0.0358

#Arithmetic mean.
PROS mean.

another three in 2014 had concentrations above the
detection limit of 0.1 ppm. In 2015 all samples
tested below the detection limit.
Pesticides

In addition to the tests for heavy metals and
glyphosate, samples were also tested for a wide
array of pesticide residues including pyrethroids,
organophosphates, organochlorines, carbamates,
dicarboximides, and organonitrogens. All of the
test results indicated a concentration below the
detection limit of 0.01 ppm.

Summary and Conclusions

This analysis has provided evidence regarding
the concentrations of chemical residues in the U.S.
peanut crop. Table 8 summarizes the estimation
results for the sample mean and the UCL95 for
cadmium, arsenic, and lead for each crop year and
over all crop years. With regard to the concentra-
tions of these heavy metals, no significant statistical
differences across crop years were found.

To conclude the analysis, an example is pre-
sented which translates what the above concentra-
tion levels mean in terms of consumption for the
average adult U.S. female. According to the World
Health Organization (WHO), the provisional
tolerable weekly dietary intake for adult females
is 7ug/kg body weight for cadmium (Hartl, 2003).
Currently the WHO does not publish an acceptable
weekly intake level of arsenic or lead. Instead, for
arsenic, 14ug/kg body weight is used which is the
lower bound of BMDLO0.5 (the benchmark dose for

a 0.5% increased incidence of lung cancer)
determined in a review by the Joint Food and
Agriculture Organization of the United Nations/
WHO Expert Committee on Food Additives
(WHO, 2010a). For lead, the value used here is
the previously acceptable intake level, 25nug/kg
body weight, which was withdrawn in 2010
(WHO, 2010b). In order to translate these into
consumption values two assumptions are made.
First, in order to be as conservative as possible it is
assumed that the concentrations of heavy metals in
the U.S. peanut crop is equal to the highly unlikely
high-concentration scenario given by the UCL95
values for all years shown in Table 8. Second, it is
assumed that the average weight of an adult U.S.
female 20 years of age and over is 166.2 pounds
(Fryar et al., 2012).

The results are presented in Table 9. Given the
above assumptions, it would take over 2 pounds of
peanuts per day to reach the cadmium limit, over
10 pounds daily to reach the arsenic limit, and over
16 pounds to reach the daily limit for lead.

Also presented in the table are the percentages
of the tolerable daily intakes contained in one
ounce of peanuts. For the average U.S. adult
female, eating one ounce of peanuts provides just
over 3% of the tolerable daily intake of cadmium,
and less than 1% of arsenic and lead.

The results of this analysis indicate that heavy
metal concentrations found in the U.S. peanut crop
are low relative to health standards and consistent
across crop years. These results taken in tandem
with the results regarding the lack of pesticide
residues signal the safety of U.S. peanuts as a food
choice for consumers around the world.
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