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Abstract

Mycotoxins, toxins produced by fungi that colonize food crops, can pose a heavy economic
burden to the United States corn industry. In terms of economic burden, aflatoxins are the most
problematic mycotoxins in US agriculture. Estimates of their market impacts are important in
determining the benefits of implementing mitigation strategies within the US corn industry, and
the value of strategies to mitigate mycotoxin problems. Additionally, climate change may cause
increases in aflatoxin contamination in corn, greatly affecting the economy of the US Midwest and
all sectors in the US and worldwide that rely upon its corn production. We propose two separate
models for estimating the potential market loss to the corn industry from aflatoxin contamination,
in the case of potential near-future climate scenarios (based on aflatoxin levels in Midwest corn in
warm summers in the last decade). One model uses probability of acceptance based on operating
characteristic (OC) curves for aflatoxin sampling and testing, while the other employs partial
equilibrium economic analysis, assuming no Type 1 or Type 2 errors, to estimate losses due to
proportions of lots above the US Food and Drug Administration (FDA) aflatoxin action levels. We
estimate that aflatoxin contamination could cause losses to the corn industry ranging from $52.1
million to $1.68 billion annually in the United States, if climate change causes more regular
aflatoxin contamination in the Corn Belt as was experienced in years such as 2012. The wide
range represents the natural variability in aflatoxin contamination from year to year in US corn,
with higher losses representative of warmer years.
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Introduction

Corn trade is the largest contributor to the United States’ (US) agricultural trade balance,
with the US providing over half of the total supply of corn in the world market (USDA
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2014). Field corn accounts for over 87 million acres of land harvested within the US,
contributes about $75 billion to the economy, and comprises 95.4% of the total US feed
grain production (NASS 2013; USDA 2015). In short, corn is vitally important to the US
agricultural and food economies, and ensuring a sustainable supply of quality corn is critical
in the years to come; not only for the United States, but for the global food supply.

The size of the corn industry and its importance in the economy makes consideration of
quality changes in light of near-future climate scenarios critical. The price received by corn
growers and suppliers from food and feed companies depends on multiple factors, including
the quality and safety of the grain being sold within the supply chain. It has been proposed
that grain quality in the future could be affected by elevated levels of mycotoxin
contamination due to a combination of climatic factors, including higher temperatures and
changes in rainfall and relative humidity (Wu et al. 2011). Mycotoxin contamination can
pose significant costs to the corn industry through an increased need for testing, lower prices
received for contaminated loads, potential lawsuits from consumers, and decreased
production in the livestock industry. The mycotoxin of greatest concern to the US corn
industry is aflatoxin, as it is the most toxic and carcinogenic of the known mycotoxins and
also the most heavily regulated in the US and worldwide.

Aflatoxins are produced by the fungi Aspergillus flavus and A. parasiticus, with four major
congeners, AFB1, AFB,, AFG,, and AFG, formed. A. flavusand A. parasiticus infection is
associated with high humidity (moisture content exceeds 7%), warm temperatures (between
24 and 35 °C) and drought (Williams et al. 2004). Conditions of high temperature during
drought stress in the field and high moisture content just prior to harvest and during storage
are the primary conditions for aflatoxin production. AFB1 is a potent human liver
carcinogen, and has been estimated to contribute to 25,200 to 155,000 cases of
hepatocellular carcinoma each year, although the majority of these cases occur in Asia and
sub-Saharan Africa (Liu & Wu 2010). Worldwide, aflatoxin exposure has also been
associated with growth impairment (Gong et al. 2002, Khlangwiset et al. 2011), immune
system dysfunction (Jiang et al. 2005, 2008), and acute toxicity at high doses (Lewis et al.
2005). Aflatoxin causes a range of adverse effects in animals as well, ranging from liver
toxicity to growth impairment (CAST 2003, Khlangwiset et al. 2011).

The level of aflatoxin in the US food supply is generally considered to be low. However,
from 2004 to 2013, there were 18 reports of food and feed recalls due to aflatoxin
contamination (FDA 2014a). The majority of these recalls occurred for dog food that caused
anorexia, lethargy, and bloody diarrhoea in dogs (Marroquin-Cardona et al. 2014).
Moreover, near-future climate scenarios and increased corn production may exacerbate
aflatoxin-related economic problems in the decades to come.

Economic impacts of mycotoxins

In the US, aflatoxin-related losses are primarily to the market rather than to animal and
human health, as aflatoxin regulations are enforced at multiple levels along the corn supply
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chain. Action levels for aflatoxins have been set by the US Food and Drug Administration
(FDA 2014b) for both human food and animal feed (Table 1). Regulation and testing in the
US aids in assigning contaminated grain for use in appropriate markets, minimizing
potential adverse effects to human and animal health. At grain elevators, when growers bring
corn with aflatoxin contamination exceeding these action levels, their corn lots can be
rejected outright or bought at a lower price. In high contamination years, grain elevators
must deal with the problem of insufficient supplies of high-quality corn. Thus, the primary
loss associated with mycotoxins in the US affects the farmers and grain elevators most
significantly.

Economic impacts of mycotoxins within the US are multifaceted and difficult to determine.
Costs associated with such contaminants can range from control and surveillance costs to the
farmers, handling and testing costs incurred by grain elevators, losses in the livestock
industry from decreased efficiency/productivity, losses in the export market, and crop
insurance pay-outs imposed on the government. Vardon et al. (2003) calculated potential
annual losses of three mycotoxins (aflatoxin, fumonisin, and deoxynivalenol) to range
between $418 million to $1.66 billion from corn, wheat, and peanuts produced in the US.
Additionally, they estimated that mitigation costs and losses to livestock could include
another $466 million and $6 million to the annual total, respectively.

Market losses due to aflatoxin in corn are likely to increase over the next decade, absent
appropriate control strategies, due to changes in the climate (Wu et al. 2011). The optimal
climate conditions for aflatoxin contamination have been studied extensively; high
temperatures and drought stress directly impact both A. flavus growth and impairs healthy
development of corn plants (McMillian et al 1985; Payne & Widstrom 1985; Diener et al.
1987; Payne et al. 1992; Cotty & Jaime-Garcia 2007). Controlled environment studies have
provided evidence that high temperatures and low rainfall favour infection of corn by A.
flavus and increased concentrations of aflatoxin, as reviewed by Wu et al. (2011). Such
changes in the climate, and subsequent probability of aflatoxin contamination of corn crops
in the Corn Belt states, could cause a need for increased testing frequency and standardized
discount schedules imposed at grain elevators, as currently occurs in Texas and other
Southern states. The impact of discount schedules in the Corn Belt on the corn industry
would be potentially large losses in the total economic product, due to the sheer volume of
corn produced in this part of the US.

There is currently a lack of data on mycotoxin occurrence state by state in the US and
resulting financial impacts, which makes it difficult to model a comprehensive cost analysis.
Additionally, modelling difficulties arise as a result of high variability, which is an inherent
characteristic of mycotoxin contamination of grains. High variability is a result of the
heterogeneous nature of aflatoxin contamination between grain lots and among individual
kernels within a lot (Lee et al. 1980). This heterogeneity renders sampling difficult;
sampling variability accounts for the majority of variance in mycotoxin analyses (Johansson
et al. 2000). Aflatoxin test methods also vary in laboratory sample and test sample size,
among other characteristics; this variability can be observed in the performance verified
mycotoxin test Kits, a service executed and maintained by the US Department of Agriculture
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Grain Inspection, Packers and Stockyards Administration (GIPSA 2014). Price per bushel of
corn varies by location, as do discounts for grain of inferior quality. All of the difficulties
described above require modelling assumptions and result in a large variance of the resulting
economic impact estimate.

The aim of the current study is to estimate economic impacts of aflatoxin in US corn — both
under current conditions, and conditions that could occur if the climate of the Corn Belt
became similar to that observed in Texas (high temperatures and drought stress), resulting in
increased regulation and testing. Thus, it was assumed that grain elevators in those states
with the highest corn production would follow the same frequent testing and regulation
practices that are currently applied in Texas. The potential losses are calculated using two
separate methodologies: 1) accounts for variability in Type 1 (false positive) and Type 2
(false negative) errors associated with mycotoxin testing; and 2) a partial equilibrium
economic analysis assuming no Type 1 or Type 2 errors. Our estimates are focused on direct
losses that would be incurred by the farmers and grain elevators, and do not include
estimates of losses to the livestock industry or costs incurred for mycotoxin prevention.

Materials and methods

Mycotoxin testing plan and operating characteristic (OC) curves

Mycotoxin sampling plans can result in two types of statistical errors: samples can falsely
test over a regulatory level and be rejected (Type 1 error: a false positive) or they can falsely
test under a regulatory level with a contaminated lot wrongly accepted into general
commerce (Type 2 error: a false negative). These scenarios for regulatory and quality control
programs are often evaluated, and costs and benefits weighed, through the use of operating
characteristic curves (OC curves) (Whitaker et al. 2011). OC curves represent the likelihood
of acceptance as a function of the actual level of aflatoxin in a lot, based on the variability in
the sampling protocol and the actual levels and distribution of the toxin in the lot. We
applied OC curves to determine the probabilities of obtaining false positives or false
negatives if the rejection limit is set at 20 ng g~* aflatoxin, the action level for corn
acceptable into general commerce. To calculate these probabilities, software from the Food
and Agriculture Organization of the United Nations (FAO) was utilized (FAO 2013). This
type of OC curve, as described by Whitaker et al. (2011) and Brera et al. (2010), predicts the
acceptance probability associated with a specific sampling procedure, accept/reject level,
and specific lot mycotoxin concentrations.

The mycotoxin sampling procedure chosen for our calculations was that specified for
aflatoxin quick-test test strips. These strips utilize a dip-stick detection method, are relatively
inexpensive, and do not have long time requirements for returning results; making these tests
attractive for use at grain elevators. For this analysis, the following variables were stipulated
to produce an OC curve that was specific to aflatoxin in shelled corn commodities. Kernel
count per kg was left at the software default of 3000, analytical variance type was set as
“among lab”T, laboratory sample size was set at 2.5 kg, number of laboratory samples was
equal to 1, test portion was 5 g, number of aliquots was equal to 1, and the accept/reject limit
was 20 ng g1,
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Figure 1 shows the output OC curve obtained for the sampling protocol described above as
well as curves from scenarios with changing test portion size. The test portion size was
varied in an effort to examine the sensitivity of changing acceptance probabilities on the
overall economic impact. The results indicated that changes in the test size portion did not
significantly contribute to increases in economic loss; therefore, the OC curve calculations
were conducted solely with the 5 g methodology described in the aflatoxin quick-test test
strips. It is important to note that if an elevator suspects a low probability of incoming lots to
be over 20 ng g1, testing will not usually occur, as is currently usually the case in the Corn
Belt.

Aflatoxin contamination levels by State

Average aflatoxin contamination levels in US produced corn were obtained for three
separate states (lowa, lllinois, and Texas) in various years. Data from lowa was obtained
through a state surveillance survey at grain elevators in the year 2012, conducted by the lowa
Department of Agriculture and Land Stewardship. These surveys used the Charm-ROSA
Aflatoxin Quantitative Lateral Flow Assay (Charm Sciences, Inc., Lawrence, MA, USA).
The method used 70% methanol extraction and detected and reported the sum of aflatoxins
B1, By, G1, and Gy. The reported LOD is < 2 ng g1 for aflatoxins. In 2012, climatic
conditions in lowa were favourable for some aflatoxin contamination: a situation that has
occurred once or twice a decade, over the last several decades, in this state. Samples were
collected from each of lowa's 99 counties and were typically taken from scale house
containers that held grain collected from probing incoming grain trucks. Aflatoxin
contamination was analysed and averages calculated based on the nine lowa crop reporting
districts (Northwest, North Central, Northeast, West Central, Central, East Central,
Southwest, South Central, and Southeast), with a total of 304 samples used in the analysis.
While this data only covers one year of possible contamination and was not originally
collected for the purpose of economic modelling, we have included the data in our analysis,
because lowa is the largest producer of corn in the US. Thus, any contamination of the
state's crop would have a large impact on the economics of the US corn industry as a whole.
We assumed that the distribution of test results is representative of what a grain buyer would
experience.

Since 2010, the Illinois Department of Agriculture has published mycotoxin survey results
every year for the grain crops produced in that state (IDA 2014). These surveys are currently
conducted in Illinois as a proactive communication with feed mills, to predict years when
increased testing and caution should be taken to avoid potential injury down the market
chain. Although the sampling method is not described in the IDA reports, the limit of
detection for aflatoxin analysis is specified at 0.5 ug g=1. Samples are collected from each of
the 102 counties in Illinois, totalling over 400 samples collected and analysed per year.
Ilinois is one of the only states that publicly report on mycotoxin contamination in grain,
making these the best available data for analysis on a state level. For our economic analysis,

TThe “among lab” variance depends on the mycotoxin/commodity combination under investigation in a given sam%ing plan and is

double the “within lab” variance. For aflatoxin/shelled corn the “within lab variance is specified as (1/na)0.143(31-

in the user guide

for the FAO sampling tool (FAO 2014).
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we have included the aflatoxin contamination levels reported for the harvest seasons of
2011, 2012, and 2013. Maps of the mycotoxin contamination data used in this economic
analysis are available at the Illinois Department of Agriculture website (IDA 2014).

We obtained aflatoxin contamination data for Texas through the Texas Office of the State
Chemist, and from research by Dr Thomas Isakeit at Texas A&M University. Most data
came from counties within the Central, Eastern, or South eastern regions of the state. It is
important to note that total number of samples analysed each year varied, but typically
included over 200 samples total for the state. Analysis of samples was conducted with
immunosorbent affinity chromatography for clean-up, followed by HPLC-fluorescence
detection for quantification of aflatoxins; the LOD in 1 ng g~1. For our economic analysis
we have included the aflatoxin contamination levels reported for the harvest seasons of
2011, 2012, and 2013. These were the best available aflatoxin data for the Southern United
States.

For a comprehensive estimate of potential loss to the corn industry due to aflatoxin
contamination, data for Texas, Illinois, and lowa was assumed to represent contamination of
corn crops in similar climate regions within the United States. Table 2 details the
categorization of all the states within the US for aflatoxin contamination, corn production of
that state, and price received per bushel that was applied to the total harvested corn for
representative years for that state. While the aflatoxin levels in each state are estimated and
are likely to have considerably higher variability among and even within individual states,
the calculations were conducted to be as conservative as possible. For instance, 15 states
were assumed to have no aflatoxin contamination within their corn, and individual
production values and price received per bushel were applied in the economic loss equation
for each state (Table 2). Additionally, current losses to the corn industry in the Corn Belt
states were considered to be negligible due to the low mean of the distribution in lowa, and
the historic rare incidence of aflatoxin in Corn Belt states. Thus, in the current climate, the
majority of aflatoxin impacts are thought to solely occur in the South and Southeast states.
For Corn Belt states we utilized the distribution in lowa from a problem year (i.e., 2012) to
estimate future distributions if more problem years occurred.

Production and price received for individual states were obtained for 2011, 2012, and 2013
from the USDA National Agricultural Statistics Service (NASS 2014). Current discount
schedules detailing price reductions based on aflatoxin contamination were obtained from
Texas (Dr. Tom Isakeit, Texas A&M University) and from Kansas (Team Marketing
Alliance, Moundridge, KS). These discount schedules were applied in our study to calculate
the price received for harvested grain that exceeded FDA aflatoxin action levels (Table 1).
We assumed that all bushels were subject to a discounted price and the Corn Belt states were
assumed to have similar testing protocols and discount schedules as those currently observed
in Texas. Discount schedules such as these are used in areas where aflatoxin is a persistent
annual problem, but are currently rare in the Corn Belt and other corn-producing states with
more moderate climates. Therefore, the following calculations with the discount schedule
are indicative of losses that could occur under climate change conditions.
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OC curve based calculations

The projected economic impacts to the US corn industry, under conditions requiring Texas-
like testing protocols, were calculated using two separate models. The first model utilized
the acceptance probabilities calculated from the OC curve to understand how aflatoxin
sampling can impact the economic gains and losses based on aflatoxin contamination by
climate region. The amount of corn produced in each state that would fall into a specific
FDA action level range (i.e., 20 ng g1 or less, 21-100 ng g1, 101-200 ng g1, and greater
than 200 ng g~1) was calculated based on the percentages in those same ranges from the
survey data in lowa, lllinois, or Texas. These amounts of corn (bushels) within each range
were then multiplied by the probability of rejection based on the OC curve (Figure 1) at the
low and high end of the FDA action level range. These values were considered the amount
of crop subject to price reduction in bushels for each state. Economic losses were then
calculated as total of those bushels multiplied by the discount value applied to each range as
described in the discount schedule. In this way we were able to obtain ranges of potential
monetary losses for each state based on a relevant testing protocol and observed aflatoxin
levels in previous years. The equation for each state's total economic loss in US dollars
(USD) was as follows:

Li=[(Bi * Ry * (1-Py) * D @

Where L is the total potential loss in USD; B is the amount of bushels of corn harvested; R
is the ratio of corn within a specified FDA regulatory range; P is the probability of
acceptance based on the OC curve; D is the discounted amount in USD; i is the state of
interest; and k is the FDA action level range of interest. It is important to note that, using the
OC curve method, 200 ng g~1 was the highest lot concentration for which a probability value
could be predicted. Any crops exceeding the 200 ng g1 level, which mostly occurred in
Texas, were assumed to lose $0.90 per bushel on the low side and $1.65 per bushel on the
high side of the range. Additionally, this calculation assumes that all corn is tested and,
therefore, is subject to discounts.

Non-OC curve based calculations

The second model utilized to calculate potential economic losses was similar to the first
model, but without including the probability of acceptance factor from the OC curve. This
model thus, does not take into account the sampling protocol for aflatoxin. Because this
model also did not lend itself to calculating ranges of losses, the total losses reported are
averages for each climate region. However, ranges are represented from a lenient discount
schedule (Kansas) and a highly conservative discount schedule (Texas). The subsequent
calculations in this model have two assumed variables (mycotoxin level and price discount)
and two specific variables (corn production and price received per bushel) for each state. The
equation used for each state's total production in USD was as follows:

Ti=[Bi * Rk * (Mi—Dyl @

Where T is the production in USD; B the amount of bushels of corn harvested; R is the ratio
of corn within a specified FDA regulatory range; M is the average price received per bushel
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of corn; D is the amount discounted from the base price; i is the state of interest; and Kk is the
FDA action level range of interest. T; was calculated for each state, at each FDA regulatory
range. The economic loss for each state was thus:

Li=P(USDA) —T;

Where L is the economic loss to the corn industry for state i and P(USDA) is total
production in USD as reported by USDA NASS for state i. The sum of L for each US state
reflects the potential economic loss to the US corn industry based on grain price reductions
due to aflatoxin contamination in 2011, 2012, and 2013. It is important to note that in this
model monetary losses were calculated for crops contaminated up to 200 ng g~2, after which
they were deemed unsuitable for market and lost the whole of their value; and as high as 500
ng g~1 aflatoxin, after which they lost the whole of their value. Therefore, the economic
losses we calculated account for four different scenarios in a sensitivity analysis: 1) Kansas
discounts applied up to 200 ng g1, 2) Texas discounts applied up to 200 ng g~2, 3) Kansas
discounts applied up to 500 ng g1, and 4) Texas discounts applied up to 500 ng g~2. Similar
to the OC calculations, this calculation assumes that all corn is tested and, therefore, is
subject to discounts.

Observed levels of aflatoxin

In 2012, over 94% of the corn tested in lowa was under the 20 ng g1 action level,
demonstrating the improbability of significant aflatoxin contamination and price loss in
lowa-grown corn. The overall mean aflatoxin level in lowa corn from 2012, a year with
climate conditions favourable for A. flavus and subsequent aflatoxin contamination was 4 ng
g~L. This level is well below the 20 ng g~2 action level for human foods; thus, costs to the
lowa corn industry would be negligible unless there was more frequent testing occurring as
is currently seen in Texas. Figure 2 shows the frequency of corn samples falling within the
ranges of FDA action levels for the state of lowa in 2012. Based on Illinois surveys, the vast
majority of corn samples in lllinois have contained less than 20 ng g~1 aflatoxin over the
past three years, with the worst aflatoxin contamination occurring in 2012, as shown in
Figure 3. Aflatoxin data from Texas was the most comprehensive and complete out of our
three represented states. Figure 4 shows the aflatoxin contamination levels in Texas from
2011 through 2013. The frequency of aflatoxin contamination in Texas corn has been
decreasing over the past three years, with over 86% of the crop in 2013 containing less than
20 ng g1 aflatoxin.

Estimated potential losses to the US corn industry

The largest portion of the OC curve variability included the sample preparation variance due
to the size of the test portion specified. As the size of the test portion increased, the variance
of the resulting OC curve decreased. Changes in test portion and probabilities of acceptance
and their corresponding economic losses were calculated for test sizes of 5, 10, 20, and 50 g
(Figure 1). The contribution of different acceptance probabilities based on the changes in
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test size accounted for a 3% increase in loss from a test size of 5 g to 10 g, and a 4.5%
increase from 5 g to 50 g. Increasing the test size from 10 g to 20 g resulted in a less than
1% increase in economic loss and the difference between 20 g to 50 g was even smaller.

Table 3 shows potential economic losses calculated from the OC curve model for 5 g test
portion size (model 1). The potential range of economic losses varies from $52.1 million to
$1.06 billion dollars. The year with the lowest range of potential losses was 2013; however,
the crops produced in much of the Corn Belt (including lowa) are not factored into this year,
as we did not have available aflatoxin data. The highest losses due to aflatoxin
contamination were observed in the sole year that lowa and other upper Midwest states were
taken into account (2012), due to the large amount of corn production in those states. The
variability in the OC curve probabilities assessment creates a much larger range of potential
losses in the economic analysis than the ranges described below for model 2.

The potential economic loss for each climate region calculated without including false
positive and false negatives from aflatoxin testing methods (as described in model 2) is
shown in Table 4 for 2011, 2012, and 2013. This model utilizes four different discount
schedules to demonstrate how different discount schedules, which are highly likely across
the country, affect the economic output. Based on this model, the potential economic loss
due to aflatoxin in a susceptible year could range between $104.5 million and $1.68 billion,
depending on the discount schedule. The lowest losses remain in the upper Midwest region
and the Ohio valley region. The states included in the upper Midwest, did not significantly
contribute to the total economic losses in the US even in 2012, a year when climate
conditions heightened the risk of aflatoxin contamination in the Midwest.

Discussion

Aflatoxin poses a complex economic problem in the US corn industry. Aflatoxin levels in
corn are influenced by multiple grower and environmental variables, and can change
drastically from year to year and location to location within the US. Climate plays a
significant role in aflatoxin contamination in corn, with years having warm summers and
drought favouring aflatoxin accumulation in corn. Thus, the South and Southeast regions
within the US have historically had a higher potential for aflatoxin contamination in corn
crops. As a result, corn produced in these regions is more frequently tested than in other
parts of the US. The Corn Belt states, with the highest corn production, have had climates
that do not favour aflatoxin contamination, and the current risk in most years does not
warrant extensive testing protocols. Discarding or discounting corn does not occur on a
regular basis in these states making the current economic impact due to aflatoxin in the
Midwest negligible. Human exposures in the US are often thought to be negligible, and
decreases in animal production are not significant enough for producers to actively consider
mycotoxins a threat to profits. Currently, significant economic impacts are incurred
primarily in the southern and South Eastern US due to aflatoxin contamination in corn
including regulation, testing, handling, and discounted prices.
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However, changes in climate are increasing the probability that a larger proportion of the US
corn-growing regions may contain aflatoxin levels that approach FDA action levels. One
possible result would be more widespread adoption of discount schedules (for example, in
the Corn Belt states) and more rigorous testing protocols. If this were to happen, especially
in the major corn-producing states, economic impacts could increase significantly. However,
calculation of economic impacts is difficult to assess due to the vast variability inherent to
aflatoxin contamination and the variability in how the corn industry deals with aflatoxin-
contaminated grain. For instance, it is common practice within the grain industry to
commingle grain lots in storage and again when the grain leaves storage; in the latter
instance, the purpose being to meet contract grade specifications (e.g., moisture and foreign
material). This practice naturally mixes the grain and, secondarily, tends to dilute any
aflatoxin “hot spots” that may have existed within the lots, decreasing the probability of an
end product containing unacceptable levels.

The lack of specific aflatoxin contamination data within the US corn crop and a lack of
industry standard in testing protocols, discount schedules, and grain-handling techniques
required us to make assumptions within our economic model. First, in relation to developing
an OC curve, we assumed that all grain elevators utilize a rapid aflatoxin test kit that has
been performance verified by the USDA GIPSA. Second, a lack of data on number of
rejected lots due to aflatoxin contamination required that we apply aflatoxin levels that we
obtained for three states to other states with similar climates. Third, a discount schedule
from a grain elevator in Texas or Kansas was applied uniformly across all the states to
examine hypothetical economic losses to aflatoxin, if climate change results in a need for
increased testing in the Midwest and Ohio Valley states. Although discounts and rejections
of lots vary among grain elevators, utilization of the Texas and Kansas discount schedules
was the only method for applying actual dollar amounts to aflatoxin losses. Additionally, in
addition to differences in discounts given for aflatoxin contaminated lots different states
fully reject lots that test over different levels. Therefore, we calculated economic losses
based on two different discard limits: 1) 500 ng g1 and 2) 200 ng g~2.

Model 1 of the economic analysis included the probabilities associated with Type 1 and
Type 2 errors inherent to mycotoxin testing protocols, thus accounting for the variability
associated with sample preparation and testing. Results from a sensitivity analysis of test
size portion on the OC curve acceptance probabilities demonstrated a small increase in
economic impact with increases in size of the test portion taken for aflatoxin analysis.
However, this effect appears to be minimal for test sizes above 10 g, and there was only a
difference of 3% in economic loss, between the 5 g method and 10 g method. Information of
this nature is important when weighing the benefits and costs of a testing methodology. For
instance, utilizing a method of a 5 g sample would allow for greater flexibility of corn lots
that are actually over the 20 ng g2 regulatory limit circulation into the market; however, this
method also reduces the immediate economic impacts to farmers from discounted sale
prices. The results from our analysis indicate that, with increasing test sizes, the probability
of false negative lots passing through inspection significantly decreases while the economic
burden increases by only 3%.

Food Addit Contam Part A Chem Anal Control Expo Risk Assess. Author manuscript; available in PMC 2017 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mitchell et al.

Page 11

Model 2 does not take into account these errors, but instead demonstrates the potential losses
assuming zero variability in testing. The values of losses for each respective year represents
what could have been lost to the corn industry if testing and uniform discount schedules
were applied across the country. With the impacts of climate change, it is plausible to
speculate that states like lowa and Illinois will develop more stringent testing protocols and
discount schedules similar to that of Texas — even if aflatoxin levels in corn are still below
the strictest FDA action level of 20 ppb. The data obtained for each of the three states were
not initially collected for the purpose of economic analysis, and much of the data came from
corn lots that were suspected of containing aflatoxin, making the contamination data slightly
skewed. Our estimates, therefore, should be considered to be representative of potential
losses during years of increased probability for mycotoxin contamination and in a market
where frequent testing puts all bushels at risk for discounts. A stringent discard cut-off value
of 200 ng g~ mostly affected the Southern states demonstrating those states greater
likelihood of producing corn with extremely high levels of aflatoxins. However, in the
instance that states in the Ohio Valley have lots over 200 ng g1 (see Table 4, 2012) and the
total value of those is discarded the economic implications can be as much as an increase of
4-fold, due to the large amount of corn production in those states.

Previous estimates put aflatoxin-associated economic losses at $47 million per year in food
crops (corn and peanuts) and $225 million per year in feed crops (Vardon et al. 2003). While
these previous estimates are lower than those calculated here, we assumed that all bushels
were subject to a discounted price and the Corn Belt states were assumed to have similar
testing protocols and discount schedules as those currently observed in Texas. If climate
change incites frequent testing of corn in Corn Belt states the economic impact could reach
the billion-dollar mark. Mitigation and testing strategies within the US need to be assessed
to derive a comprehensive understanding of the impact of aflatoxin in the US corn supply,
and to determine the cost-effective testing and mitigation strategies to implement in years
when climate conditions in the Midwest increase aflatoxin probability in large volumes of
the US corn supply.

Conclusions

In our economic analyses, we determined potential losses to the corn industry based on the
application of price discounts to corn crops within given ranges of FDA action levels. The
estimates of loss were similar between our two separate models (see Table 3 and Table 4).
The first model used an OC curve that was developed with parameters of a relevant testing
protocol — i.e., it would be commonly used in grain elevators - to determine the probability
of acceptance of contaminated corn lots falling within given FDA action level ranges. The
second model did not include the acceptance probabilities generated by the OC curve, and
trended towards slightly higher economic losses than when the OC curve was factored in.
This second method assumes accurate assignment of all bushels of U.S. corn to the
appropriate contamination level resulting in modelling discounting of the entire U.S. grain
supply. In reality, lots that have a mean concentration over the accept/reject limit have a
potential to test under this limit and not be appropriately discounted. The non-OC curve
model, therefore, is considered the less conservative of the two model approximations of the
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potential economic losses. At the high end (years with warm summers and drought), losses
to the US corn industry from aflatoxin contamination could exceed $1 billion. In other years,
the loss would be several tens of millions USD.

This work demonstrates how increased testing and discount schedules would drastically
increase the economic burden of aflatoxin contamination. A risk assessment needs to be
considered in the future, in regards to climate change impacts on aflatoxin contamination, in
order to develop a testing and regulatory protocol that balances the risk for human and
animal exposure with economic burden to growers.
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The operating characteristic curve utilized in our economic analysis was based on a lenient
sampling and testing protocol that was deemed probable for real world testing practices in
the US. These curves represent the differences in changing one variable (test portion size)
from a VICAM AflaCheck quick test strips protocol. The 5 g test portion is the verified
protocol specified by VICAM and the 5 g curve and its related probabilities were utilized in
the economic analysis. The curves were generated with the FAO mycotoxin sampling tool:
http://www.fstools.org/mycotoxins/.
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Aflatoxin levels were obtained from a surveillance survey at grain elevators by the lowa
Department of Agriculture and Land Stewardship. Averages were calculated from nine crop
reporting districts within the state and a total of 304 samples were analysed during this
survey. Appropriate fumonisin data for this analysis is not readily available for lowa.
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Figure 3.
Aflatoxin levels were obtained from the Illinois Department of Agriculture. Samples are

representative of all the counties within Illinois and typically included over 400 analysed
samples each year. Maps of the contamination occurrence are available at: http://
www.agr.state.il.us/mycotoxin-survey/.
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Aflatoxin levels were provided by Dr. Tom Isakeit (Texas A&M University). Total number
of samples analysed varied between years, but typically included over 200 samples.
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